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Al TECHNICAL CHANGES DURING THE PROGRAM

A.2 The number of valve and actuation system concepts
to be selected for experimental evaluation and design
verification was changed from one to two.
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TECHNICAL REQUIREMENTS
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3.1 GENERAL

(o)
¥V}
—
P

Study Reguirements

The contractor shall conduct trade studies and conceptual

design efforts to identify advanced valve and actuation system

design approaches suitable to meet the long life, maintain-

‘ ability and economic development requirements for the OMS
i engine bipropellant shutoff valve., One valve and actuation

. system concept will be selected for experimental evaluation

and design verification, The selected valve and actuation

. system concept shall be suitable for packaging and use in

a mechanically linked quadredundant shutoff valve configur-

: ation and also in a valve configuration, which incorporates

s only series redundancy. A detailed design with appropriate

analysis and drawings will be established for a flight weight

: shutoff valve, A prototype test valve design shall also be {

oo established which contains all the essential design features ;4

to experimentally verify fabrication and operation of the

: flight weight shutoff valve configuration. The prototype test

ea valve need not be to the same level of redundancy as the

flight weight valve design, if analysig indicates that ail

essential valve and actuation system features can be exper-

e imentally verified with a simpler test configuration.

A

T

faicy

[xial

3.1.2 Design Requirements

The contractor will define in detail the concepts and theories
emanating from the study effort., Environmental conditions
under which the valves and actuation systems will satisfac-
torily operate and the performance and detailed character-
istics of the equipment will be clearly specified.

Lot

C )

3.1.3 Development Requirements

)

The contractor will specify those special factors that must
be considered in translating design data into tangible end
items. The contractor should identify any problems which

PHAF 1P32 {4 - 70)
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3.1.4.2
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become evident and might potentially affect manufacturing
processes and techniques, The solutions to these problems
should identify what must be developed in order to facilitate
manufacturing of the end product, The contractor will con~
duct testing and prepare test documentation to verify that
the performance design requirements of the valve(s) and
actuation system(s) meet the requirements of this SOW.

Technical Guidelines

The following guidelines, with a few noted exceptions, are
not to be considered firm requirements. They are intended
as optimum design objectives and are subject to change in
accordance with technology limitations and reliability con-
gsiderations. One of the primary objectives of this contrac-
tual effort is to define the realistic and obtainable -
requirements that should be imposed on a valve and actuation
system for the space shuttle OME and thus hopefully avoid
development problemc that may result from initially unreal-
istic performance requirements,

Application - The valve and actuation system technology and

design recommendations developed as a result of this con-

tractual effort will be utilized in defining the recommended
design, operational capabilities, and requirements for the
OME propellant valve and actuation system.

Fluid Media Compatibility - The valve for this program must
be compatible for exposure to the following progellant vapors,
liquids, and combinations of oxidizer and fuel vapors. Tha
propellants will be nitrogen tetroxide (N20O4), 50/50 blend »>f
hydrazine and unsymmetrical dimethylhydrazine (50% N2H, -
50% UDMH), and monomethylhydrazine (MMH). The cow-~
tractor will have conclusive compatibility data cn eaza
material recommended for usage. In evaluating propellant
compatibility, the contractor will also evaluate propellant
moisture combinations since once a valve is exposed to
propellants it is unreasonable to assume that the unit will
remain free of moisture for the remaining service life.

[
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3.1.4.3

3.1.4.4

3.1.4.6

3.1.4,7

3.1.4.8

3.1.4,9

3.1.4,10

3.1.4,11
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The contractor will not consider propellant deconamination
of components to extend the service life, since cleaning of
hardware between missions is improbable and will result
only when required to insure personnel safety during system
repairs. The valve must also be compatible with anticipated
cleaning and flushing fluids, '

Liubricantg ~ Due to propellant compatibility, low temperature
operation, and extended service life, total exclusion of lub~
ricants is a desirable design goal.

Maintainability - The valve must be designed to be easily
maintained. Replaced detail part of the valve must not affect
the operational characteristics of the valve,

Cycle Life - A design goal of 4000 wet cycles and 6000 dry
cycles will be used for this program.

Internal Leakage - A leak rate of 10 standard cubic centi-
meters per hour {scch) of helium will be used as a goal.

Pressure Drop - A maximum pressure drop of 5 psid from
the valve inlet to the valve outlet which will include all fil-
ters and redundant valves. The valve design shall provide
for a balanced pressure drop in the event of a failure in one
of the parallel flow paths to minimize the resulting engine
mixture ratio shift,

Response -~ The valve opening and closing times shall have

absolute actuation times in the range of 100 to 1000 milli-

seconds., The actual times will be established through trade
studies considering valve actuation approaches and the effects
of valve actuation times on the engine start and shutdown
transient,

Response Repeatibility - Response repeatability should be
considered an important factor in the design of the valve
and actuation system.

Filters - Filters used in the valve and actuation system should

be consistent with the coniamination tolerance of the valve

and actuation system.
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3,1.4,12

3.,1.4,13

3.1.4,14

3,1.4.15

3.1.4.16
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Fabrication Limitations - In the process of designing a

prototype valve to satisfy the requirements of this S0W,
the contractor should maintain an awareness of the design
requirements that will be imposed on a ''flight-type'' design
to ingure that the prototype will be adaptable,

Weight and Envelope - Minimum weight and envelope are
important design considerations not to be overlooked by
the contractor,

Contamination - Contarmination tolerance will be a major
design objective for this program. Limitation of self-
generated contamination shall also be a primary design goal.

Decontamination - Dead-ended passages, crevices, and
other possible areas in which contaminations could collect
and hinder a decontamination process should be avoided,

Other Requirements - The design should be consistent with
the Orbit Maneuvering System Pod procurement specification,
as defined in specification MC621-0002 ""Orbital Maneuvering
Subsystem -~ Technical Requirements' incorporated herein
by reference.
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APPENDIX B

MOVING SEAT PRELIMINARY DESIGN ANALYSIS

1, Seat Poppet AP Analysis
2, Propellant Valve Seat Sizing
3. Pressure Surge Versus Closing Time

4, Bellows Resonant Frequency
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Seat/Poppet AP Analysis - Quad Configuration

Conditions: 1191 1b/sec NpO4 total flow

7.22 Ib/sec MMH total flow

4 psi allocated to valve seat/poppets

(.1 psi allowed for filter and other package losses)
Procedure:

a, Calculate velocity pressure versus line sizes
(1,0 to 2.0 inches)

b. Calculate Reynolds number versus line size

C. Set up a K-factor budget based on preliminary
design sketch

d. Calculate poppet stroke needed, as a function

of AP.

Velocity Pressure:

JLf_w Vo, _1.( ¥ 2
4° P(o.as% - P\0.669 x 0.7854 a2
for NpOy, P = 90,2 b/ft? at 70°F, W = 112‘ a
= 5,955 1b/sec (for each parallel leg)
_ 1 5.955 21,4240
9% 90,2\0.669x0,7854d2] =~ a4
(continued)

PHAL 1P32 14--70)
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oL
for MMH, P= 54,8 1b/f3 at 70°F, w = ﬁ——?ls‘?—‘f- = 3.61 Ib/sec
P (for each parallel leg)

i 2
Bt g= ] 3.61 _0.86139
; 54,8 \0,669 x 7854d2 = T a

Ls
- Reynolds Number:

|

Re = 15,28w

ul pd
i for NO4, = 0,413 centipoise at 70°F
] = (6.7249 x 10-4(0,413) = 2.7774 x 10" %1bm/sec-it
% _ (15,28)(5.955) 3.27617 x 105 ;
Y Re = 4 = .
Pl 2,7774 x 107% (g) d £
by
- for MMH, p = 0.85 centipoise at 68°F = 6,7249 x 10™% (0.85)

Y 4 -
E t Re = (15'28)(3'6_1‘)4 = 9'6492 x10° . 5,7162 x 1074 Ibm/sec-ft. Coa
3 (5.7162 x 1074 )(@) Lt
Lo P
el N,O MMH
Pl 204 :
c Line Size q q =
r i {inches) (psi) Re {psi) Re
: 1.0 1,4240 3,27617 x 107 0.86139 9.6499 x 104 ]
EL 1.1 0,9726 2,9783 0.5883 8.7726 .
pou 1.2 0.6867 2,7301 0.4154 8.0415 ]
i 1.3 0,4986 2.5201 0.3016 7.4230 ]
P 1.4 0.3707 2,3401 0.2242 6.8928 i
Pl 1.5 0.2813 2.1841 0.1702 6.4332 i
1.6 0.2173 2,0476 0.1314 6.0311 ¥
1.7 0,1705 1.9272 0.1031 5.6764 o
1.8 0.,1357 1.8201 0.0820 5.3610 gy
1.9 0,1093 1,7243 0.0661 5.0789 o
2.0 0.0890 1,6381 0.0538 4.8249 s
PHAF 1P3214—70) ]
t .
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constant
/V——- Shock loss @
E
Thock loss ' 45°
%
/ Q. _
/ T N _ Shock loss @
\.‘-‘- 3
@ = Tube ID = 1.20in.
o ;
= [~ Poppet flat OD = Tube ID + 0,40'™* = 1,20 + 0,40
»| |<— Poppet radius = 0,251 = 1,601+
- Poppet OD = 1,60 + 0,50 = 2,10in.
- Housing ID¥ = 2,42 in,

Annular area, from poppet OD fo housing ID, = line area,
then,

(0.7854)(1.20)2 = 0,7854 [housing D2 . z.102]

1}

housing ID* J1.202 + 2,102 = 2,419 inches

PHAF 1P32 (4 - 70}
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It appears that this K—fa.c:torr {(based on valve inlet flow area) can be
drastically reduced with little penalty on the design, e.g., doubling

the annular area would reduce the K-~factor to less than 0,1 (':-:L— = 0,075)

Shock Lioss @ K«Factor Calculations

Total K-factor K-factor Allowed
{for 2 psi AP) for Shock @
Line Size N204 MMH NzO4 MMH
1,6 1,404 2,320 0.954
.1 2,056 3.400 1,606
1.2 2,912 4,815 2,462
1,3 4,011 6.631 3.561
1.4 5.395 8.921 4,945
. 7.110 11,751 6.660
1.6 9.204 15,220 8.754
1.7 11,730 19,399 11,280
1.8 14,738 24.390
1.9 18.298 30.257
2,0 22,472 37.175

Shock Loss @

Treat this as a 45-degree miter joint flow change in a circular duct,

K =

FHAF 1P32 1470}

0.35,

o
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Shock Loss (@)
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Treat this as a 135-degree flow change in a rectangular duct. Look at
three different points; 22,5°%, 67.5°, and 112,5°,

circumiference =

a = duct width = mean

b = duct thickness = radial thick-
ness of path =

T = mean duct radiusg =

a/b

aspect ratio =

1

r/b

K*, for 90° bend

mean flow

225° h75° 112,5°
(m(2.22) (r)(2.26) (m(1.92)
6,97 7.10 6.03
0.16 0.21 0,35
0.33 ¢, 36 0.42
43,5 33.8 17.2
2.1 1,7 1,2
=0,1 =0,158 =0,2

“The very high aspect ratios greatly exceed the maximum a/b ratio of
10 on the SAE graph (Figure 1A-19). These K-factors are therefore

approximate.,

Pridd 1P32 (4 - 701
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Comparing some discharge coefficient data for flat poppet valves -

=3

O3 1.0 \\

0.8 T

Eray
Gy discharge coefficient
F
/
/

1t

i
0.4

2y -0 0.05 0.1 0.15 0.2 0.25 ;

i

x/d

= Valve Stroke/Seat Diameter ER
Gl ) i
%_ s
o @ From Tsai, "Dynamic Behavior of Simple Pneumatic Pressure : ,

- Reducer," Extrapolated for Pressure Ratio = 1.0, SR

L‘_} (Average for both flow directions) K = 1.6, . ‘ %

‘ J

@ From Kenyon, 132 block model test data, pressure F

ratio = 0,862

Flowing like (41 ﬁk |

PHAF 1P32 14-T70)
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0.95 ,
*
L4 : ]
9 L
5 0.8 L 11
0 —— 0,0635 in, dia L |
o8 Push pin o
9 (dashed) 1, g
Ry \ ;'
9 i s
n ~J
v 0.6 R
> REREE
o 0,10 in, dia — b
2. Push pin L
Q-I . i
2] {s0lid)
a7
0.4 .
0 10 20 30 ;
Dimensgionless Valve Stroke (x/d) ;
Poppet Valve Discharge Coefficient versus Dimensionless Valve Stroke - :
MR
Notes: 1, Inlet Pressure 305 psia ’
Outlet Presasure 263 psia —
Pressure Ratio 0.862
2 Seat diameter 0,325 inches e
Pusgh Pin Diameter nc.ed
I
3. 132 Block Model Regulator L
Main Valve, Flat Poppet o
L
.
by
|
Fral tR32 14 = 70) ‘ ' {E ‘ !




v
. AR AND FUEL DIVISION pocument no. EER5739000 page B-?
3 e - P
& Pparner () HanMIFIN REV. LT S
IRVINE. CALIFORNIA S
by
i
am Developing matrix to plot K for seat, based on seat area, versus X/d
o K 1 '_
e Cdz‘ -
na .} ’ i
5
x/d Cq K i
0.05 | 0.9 1.235 %
0.10 | 0.77 1,686 §
,_ 0.15 | 0.64 2,441 :
I 0.20 | 0.54 3.429 o
- 0.25 | 0.47 4,527 |
 an ‘:
' Determine allowable K for seat, based on seat area, versus x/d 3
K o a? (for constant AP)
_ 2 of seat\> :
Kpased on seat area Kbased on inlet area (a of inle't) o
M also, |
i a
e a }
- of seat _ 4(_:;:_) ;‘
o 2of inlet d B
- then,
i = (x ; 16) ( =
Lo Rpased on seat area ( based on inlet ) § d
L_J
A
F
Y
. PHAF 1P3214--70)
T 5
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3
i Inlet Diameter, {inches)
3
) 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7
Kpased on inlet—| 0.954 | 1.606 | 2.462 | 3.561 | 4.945 | 6,660 | 8.754 |11.28
x/d} Kpased on seat area
0.05 0.0382 | ~.J642| 0.0985 | 0.142 | 0.198 | 0.266 | 0.350 | 0.451 |
0.10 0.153 | 0.257 | 0.394 | 0.570 | 0.791 | 1.066 | 1.401 | 1.805
0.15 0.343 | 0.578 | 0.886 | 1.282 | 1.78 | 2.398 { 3,151 | 4.061
1 T 0,20 0.611 | 1,028 | 1.576 | 2.279 | 3.165 | 4,262 | 5.602 | 7.219
0.25 0.954 | 1.606 | 2.462 | 3.561 | 4.945 | 6.660 | 8.754 |11.28
Sl — e { L
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0.40
0.45
- 0.50
0.55
0.60
0.65
0.75
0,95

0.26

Line dia (in.)

L5
.2

—,
[H]
1

7.3 +

1e6

/—41.7

/4
0.22

0.18

A 7 .
A

/

0.14
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o
=
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Propellant Valve Seat Sizing

Valve Assembly Requirements {complete quad)

11.91 1b/sec N304

7.22 1b/sec MMH

I

DOCUMENT NO. _EER5739000

PAGE

B-11

REV. LTR——

90,2 b/ at 70°F

54,2 1b/§t3 at 70°F

5 psid (of which 1 psi is allocated to the filter)

Individual Seat Requirements

5.1
AP = — = 2 psid per seat

11.91

w = = 5,955 1b/sec N2O4 per side

2

W
NE

W 11.91 _
and'J—a— = :\]_@F._?: = 1,254 for N204

since Ca ~

T.22
— - 0‘
m 975 for MMH

So that the NO4 requirement governs.

In terms of K factor:

. 2
_ K w
Kq =3 (0.6993.)
K[ 5.955\2
2.0 = 90,2 (0.66%)

2
180.4 = K(w)
a

- K =
a = 8.90 /130.4 = 0.633 K

AP

PHAF tP3214-70)
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- - 1,813d

STYLE I

0.24
radius

b
0,140d = w—= —— _ Li_d
B

Find w for constant flow area:

(1.533d + 2w)% - (1.533d)% = a2 - (0,25d)2

tryw = 0,2d

1.3864d # 0.9375d
tryw = 0.1d

653d # 0.9375d

w = 0,15d
1.009d # 0,937
w = 0,140d
0.937

Therefore w = 00,1404

“PHAF 1P32 (370 :
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Bellows Convolutions

5 7 Dy z] 2
. K =N1-\5+0.4385
i"
: ol
P --corrugation pitch

[

)

Typically

v s N = 11 per bellows (22 total)

Dy = 1.2

S = 0,1875 (pitch)

Thereiore

2\2
; % - 102 - .
o K= 2‘?‘!1 i [1.z.+ 0.438(0.1875)] = 0.338 typical

@l This will vary with final details of the design.

45-degree Annular Mitre Bend

ML FRAREERL £t ¢ TN e Nt LT T e I AR e B et L e At ca T

R— No data for this shape - consider similar flow paths

P i
i
! (=)

Mitre Bends

b Source Round Square
BHRA 0.24
SAE 0.35 0.50

Use K = 0,43 based on approach area

PHAF IP32 {4 - 7014
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I35-degree Annular Bend

r _ 1/2(0,2d4 + 0,1404) _
b 0,140d B

1,21

7(1,533d + 0.2d) _

_a'_ - % = =
b Aspect Ratio 0. 1404 38.89
Use —;' = 1,25, % = 40, to avoid useless complications,

From SAE book, for rectangular ducts K = 1,35 for the above conditions
for 90-degree bend, this is the only reasonable similar case for which
data is available (Ref Figure 1),

From SAE hook (Page A20) 135-degree bend has 18 percent more loss
than 90, . K = 1.18 (1,35) = 1,593,

STYLE I

0.785(a2 - 0.25d2) = 0,736d2

Reference Area

Curtain Area = wdx = Wd‘?‘(-:g“)
2
Area Ratio _ _RefAvea _ 0.736d” _ 0,234
. Curtain Area 2(x I
e (3)

PHAF 1P32 14 -70}
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Seat K Factor
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IRVINE, CALIFORNIA
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=
d

1/4

1/16

Area Ratio 0.937 1.874 3,75
i O Cr 0.48 0.69 0.84

4,34

1,41

3,20

1,34

~«— Curtain area as reference

2.80

18.84

—— Standard reference avea L

Body K Factors

Element

45° bend

e 135° bend

o 2 bellows

Total

£

PHAF 1P32 14—7014

Standard reference area for
all K factors
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Total K Factor and Stroke

, Recall that a = 1,325 A/ K from a previous page, and a = 0.7366.2, s0
* 0.736d2 = 0,663 K
i
a2 = 0.900 VK
i’i ‘
H 1
, a = 0.949(%) /%
X 1/4 1/8 1/16
d
Body K | 2.36 2.36 2.36
Seat K 2.80 6.37 | 18,84
Total K | 5.16 8.73 | 21,20
1
g/ 1.507 | 1.719 | 2.146
d 1,43 1,03 2,036
; x 0.358 0.204 0,127
s
o
B -
PHAF 1P32 14— 70}
o y
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=3 =3

3]

E._‘.

!
|
i

- / /: Style 1 | o
- " {Reference)

|
‘

i \

- T i

:
L) I

i B
|

0,375d -~ e Style 2
A (Ref area = 0,736d%

1
.
-

!

-
R

i

1

:

e
Flow az:ea. 5{7[1.2 + 2(0,25) + 0.375] 0.375}&B = 2,44d2

) 7l.2 4+ 2(0.25) + 0,375 _
Aspect ratio G.375 = 17.36

0.25 + ———~°'§'75

0,375
Scale: d = 1,00 inch

= 1,16

: r .
y T _
g )

g
i m: PHAF 1P32 14— 701
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STYLE II
Reference area = 0,736d2 as before (
a Seat K factors: as before _
g
Body K Factors i
40-degree bend use rectangular duct data, Page A-29, SAE book T
i i
r _ 0.500 .
} b = 0.375 - 1+333 |
' 2 ml.0) - g 34 ;
b - 0,375 .37 {average)
For 90° K = 0,205 B
For 40° K = 0.44(0.205) = 0,0902 Standard reference area
| |
;},‘ 140° hend use rectangular duct data =
z Z=1,16 | ||
b o
! K = 0.7 for 90° {local reference area) i
P 2 . g
| — = 17, .
b 7.36 ;
E For 140°, X = 1.42 (0.7) = 0,994 Lo
i !
. _ 0,736 _ |
Area ratio = 544 0,302 ..j*
|
; K = (0.302)% 0,994 = 0.09 standard reference area ‘{ ;
L - |
;
.
‘ PHAL 1P32 14 - 70)
o
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Bellows

K = 0.34 as before

pocumenT no, EER5739000

REV. LTR

Body Total 0.09 + 0,09 + 0,34 = 0,52

Total K factor and Stroke

Same method as before

d = 0,5%HK) !

pace B-19

x
d

1/4

1/16

Body K

0.52

0.52

Seat K

2.80

18,84

Total K

3.32

19.36

K1/4

1.62

2.09

d

1.53

1.98

0.191

0.123

PHAF 1¥3214--70)
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K factor
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1
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100

. _ width
Aspect Ratio = height
Re = 0.6(10)®

Ref SAE, Page 29
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0.6 - k\\\ - N S _

SR
Wit

C
Discharge Coefficient (use with curtain area)
/
S
§
D
™~

x/d

B ]

Poppet Valve Discharge Coefficients

{large approach and exit areas) >

i

, 1
¥
4N

e T

PHAY 1R32(4-70)
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Application of Poppet Valve Test Data to the Present Application:

Test data for
this case:

Application is
this case

The loss factor consists of

Ky
K2

Ks

1t

T |

a2

B —

entrance loss
passage loss

exit loss

For the test case, assuming a rounded entranc3:

PHAF VP32 ta~70)

6o

K,

Kj

1l

0

1.0

K; = Kg - 1,0 Ref area = hole area

L K Measured in test

e

1
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The application case also has a rounded entrance, therefore, K; = 0.
The exit loss K3 is no longer 1, since the exit area is ag, not @, There is
an addition expansion in the test case, which may be considered to be

from a3 to @, for which

Ky = 1,0 a3z = reference area

or,

K

2

a

1.0(——-) where ay = reference arez.
az

This loss is saved in the application, therefore

8.3 2
Ka = KT = 1-0(_-)
4 AN °2

— Test K factor

application K factor

provided the entrance loss coeifficients are both zero, or equal for the
two cases, as would be the case with slight edge rounding,

PHAF TP32 18 ~70)
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Discharge Coefficients for Large x/d Valves

For the 45~degree cone seat, no test data is available for x/d > 1/8,

When x/d >> 0.25, the situation reduces to flowthrough at 45-degree
chamiered criteria.

.
AN

C= 0,746 C=0.,611

(data from Rouse)

The pushrod blocks some area - for Burns case, the fraction of open
L area was

0,785 (0.10)2 = 0,00785
g, 0.785 (0.325)2 = 0,0829

i
; 0.0829 - 0,00785
Net fraction open = 09 0829 85 . 0.905

Therefore discharge coefficient based on hole area for x/d  0.25 is

Chole = 0.746 {0.905) = 0,675 40 degrees
0.553 90 degrees

Assuming x/d is large enough so that poppet stroke no longer has any
effect, but that curtain area is still used as the reference, then

_ actual flowrate,
curtain area

For the flat seat

Chole wd% _ Chole _ 0.553 _ 0,138

rd x4 Tax/a) T Ax/d) T T x
- d

C =

SqAF 1P32 1470}
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1.0

ed

R ouénq./—--s.

0.9

//‘Keg'

0.8

Siila.rp Edge

<

h

Discharge Coefficient - into tube

0.6

PHAF 1P32 14 ~70)

0.7 0.8 0.9

Discharge Coefficient ~ Into Tank

1.0
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For the 45-degree core seat

Chole 7 a2 Chole

I3 T

i e,

B-26

EER5739000 ...

DOCUMENT NO.
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-,

RALE PR

0.675 0,238

Ce 907 ma=4d "

=
0. 707(4)(3)

PHAF 1P32 1470}

=

0.707(4)621-‘3) %:
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Subject: Pressure Surge versus Closing Time for Quad Bipropellant Valve

£ u The ""water hammer' pressure surge due to valve closure was calculated. 'i

The following results were obtained for valve closure in less than the
™ critical time:

m i Critical Wave

i Timell) | Surgel® | vVelocity

Fluid | (Ib/sec) Line (sec) (psi) (£t/ sec)
N204 11,91 1.43 I.D. 0.005 883 3834 .
N Rigid Wall i
& N304 11.91 1,43 1D, 0.006 744 3230
. CRES, 0,035 wall

v
va MMH 7.22 1.43 1.D, 0.004 736 5268 |
o Rigid wall |
ts MMH 7.22 1.43 1.D. 0.006 473 3385 |
) Aluminum(2
T 0.035 wall
i (1) Galculated for 10' length, For 20' multiply by 2, etc. B
Line lengths, from tank outlets to valve inlets: |
T MMH = 12,5 4 j
& NyO4 = 12,9
— (2} Per telecon with Paul Felise at Space Division on 6-27-73, 300 series 4
i« CRES will be used for both propellants; 1-1/2" O.D.; 0,035" wall, i

(S)Independent of line length, when valve closes in less than oo i
the critical time. :

Resulis for slower valve closure (assuming a constant rate of decrease
of ca) were calculated by the Allievi formula, and are plotted in Figure 1,

PHAF P32 14~ 70)
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/—N204 at 11.91 ib/sec, 1,5 O.D., 0,035 wall CRES tube

4

\M

PHAF 1P32 14 - 7201

Note:

50 100 150

Closing Time (ms)
Constant Rate of Decrease of Valve CA

Curve plotted for 10-foot long line, Multiply
closing time by 2 if line is twice as long, eic.
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Closing Response

versus Surge Pressures

Line Size
a

Velocity

N,O4 P

1.5 in. O.D., 0.035 wall

n

0.785 {1.5 - 2(0.035Y]% = 1,605 in,?

90.2 1h/ft3

MMH P

é.
I

11,91 1b/sec

w _ 11.91(144)

=-;; = 59 2(1.605) = 11,84 ft/sec

54,8 1b/ft3

7.22 1b/sec

g
l

L.22(144) _ 3y o5 s/sec

_ W
V = pa ~ 54,8(1.605)

Bulk Modulus Source

(psi) MMH Nz04

Aerojet 3,28(10y° 2.86(10)3

Acoustic Velocity

- [BG. _
C“«/P =

for N3Qg4g
T 5
c = J_Z'Sé(lo) (24 32.2 . 3 834 ft/sec
90.2
for MMH
_ [3.28(10)3(144)32.2 _ o/
C= ,/ 546 = 5,268 it/sec
PHAF 1P32 14 ~70)
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Maximum Surge (for rigid pipe)

AP =p &
g
for N204
AP = 90'2((_,,1;-‘;4;);‘;834 = 883.0 psi
for MMH
Ap o BLBULB25.268 . o

(32.2)144

Maximum Surge (for elastic pipe)

The effective bulk modulus becomes

1 o BEE

B T ¥t 4+ Bd

For MMH

]

Aluminum tube E = 9,9(10)% psi

t=10,035d = 1.5
3.23(10)5 9.9(10¥% 0,035
T 9.9(10Y6 0.035 + 0,328{10}6(1.5)

1

= 1.355(10)7 psi

@
'

1,355 5
Ct = ,\/#3-’-5—?'&0')— 5,268 = 3385 ft/sec
3.28(10)5

f 5
Apt = [12338UO7 oap g o 4q3 psi
3,28(10)3

PHAF 1P32 14— 701
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For NpO4

30(10)6psi
0.035 d=1.5

CRES tube, E
t

1

2.86(10)5330.0(100.035
30(10)6 0,035 + 0,286(10)0 1.5

5
o= /% 3,834 = 3230 ft/sec
2.8 _
.0 >
2.930007 cos - 744 pet
2.86(10)5

= 2.03(10)5

Bl

1

AP!

Critical Time
22
C

24
¢t

T =

'I‘I

For MMH, £= 10 ft

2(10) ft

e e
T 3385 ft/sec

= 5,9ms
For Nz04, 4= 10 #t

Z2(10)
3230

T! = = 6,19 ms

For 200 ms closing time, N;0y

o (774)(6.19)

A (200)

= 24 psi

PHAF 1P32 14~ 70)
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As an aid to preliminary design, the surge may be calculated for assumed

uniform rate of change of value Ca, using the allievi method, . J
From Rich, Hydraulic Transients o
_ aVo
B 2gHg : f
al j
b= 2 .
: Converting from Rich's nomenclature
g Rich Kenyon N
! Hy P/p  static head
| }
] Vo v initial velocity - i
i -
; g g gravitational constant 3
] :
a c! wave velocity
éi 'f
1 T T valve closing time ol
; £ 2 duct iengi. {
*, Then for the case _
: N204 =
( C' = 3230 fi/sec ’
/ P = 270 psi 38,880 psf} Hg = 431 ft h
P = 90.2 Ib/ft3 y
_ 1 T = 0,2 sec
2 =10+
H
/i v = 11,84
% ;
| s
[ RIS
¥ H 3
i PHAl 1P32 (4~ 70) ! .
i T
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_ 3230(11.84) _
P = 532.2)431 1.38

g - 2T _ 3230(0.2) _

20 7 T 2(10) 32.3

From the alleivi chart, page 27 Rich. 3% = 1,04, so

AP = 0,04 (270 psi) = 10,8 psig (graph hard to read for such
small values of p and large g}

Alternately, the (approximate) equation of alleivi may be used when p > 1.

For our example, we may assume a 3 and calculate the corresponding g.
This will permit calculation of AP versus T,

L3

2.
5= 321

n

A
P3 32_1

0.006198

H
H

PHAF 1P32 14 =70}
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3% 8 T AP
1,04 35.18 0.217 10.8 |
1,15 9.86 0.061 40,5
1.25 6.17 0.38 67.5
1,50 3.38 0.21 135.0
2,00 1,95 0,012 270.0

Bellows Resonant Frequencies:

i. Axial Direction:
a. Without Propellant
Weight of each bellows: 0.133 1b
Weight of the seat: 0.1251b

Spring Rate: 314 ib/in. per bellows
— 0PI M WL——E
= M
.;______Q/BW
/ +

R = 314 x 2 = 628 1b/in,
Msp = 2x0,133 = 0,266 1b
M = 0,125 1b

PHAF 1P32 14170
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{628)
0,266
3

3.13 = 169.7 cps

0,125 4+

b. With Propellant

Additional weight of the propellant

i 2 _ 2 - 90.2)\ _
z (1.96 1.53)(20::0.224 0.29)(1728) 0.129

it

!

628
3,13 = 154.8 cps
T
,\/0.125 + 0.2.66-;0.129

I
n

II. Lateral Direction

2. Without Propellant

D
M
2.b2 T fn

fy

1,96+ 1.53
2.52 % 5 50 % 0.224) (109.7

166.6 cps

PHAF 1P3214-701}
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be Without Propellant

f, = 24,85 %M(%)l/z
k = 107 Ib/in,

Wprop = %(1.%3)+ 1,532 (20 x 0,224 - 0,29) 3—9’% = 0,531
£, = 104,27

PHAF 1P32 (4~ 701}
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Bellows:

Needed:

0.1, = 1.96"

i.D. 1.53%

Pitch = 0,224"

Convolutions = 10 {each bellows)

Number of ply = 3 0,005"/ply

Spring rate = 314 1b/in. {each bellows)
Material = Inconel 718 (P = 0.3 1b/in.3)

[

Resonant frequency of spring/mass system for

1., Axial direction
2. Lateral direction

with and without propellant {(# = 90.2 1b/ft3) inside bellows

o
7

B P
1
& P
1l =
:gu
Bc
gr'
B O
Z <
Z0
32
z
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APPENDIX C

LIFTING BALL VALVE PRESSURE DROP CALCULATIONS
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Rated Flows

NO4 W = 11,91 lb/sec P = 90,2 Ib/st3

]

MMH w = 7,22 lb/sec = 54,8 1b/ft3

i Since the velocity pressure is proportional to w2/ , we may identify
the worst case for design by using this figure of demerit:

2 z
(7)., - %a- rm
N204 ’

Thus the N204 requirement will produce the largest AP, and governs
the design.,

One leg only obviously gives the largest AP and governs the design

NOTE: All K factors are for stagnation pressure loss
Values Only

The velocity pressure for the design case is

1w Y
9 = 510.6690

11.91 1b/sec
90,2 1b/£t3
0.785 (0.900)2 = 0,6358 in.2

|

- &
1 n

w
0l

PHAF 1F32 14 - 701}
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1

2
1 11,91 7% _ .

0{669(0,6358

i The Reynolds number is: S

-3 .
g Re 3.2910)77 w
il pd

2
]

i ' 1;1.91 Ib/sec
I

i
!

d =/0.900 in. :
/ g

7 |

- ! -qg b ;;

pr= 5.95(10) 9/—s§° |

b ._'t_:, / in,

/

i f

Lo H

/ -3

o = 2200771191 - 550106

. 5.95(10)" %(0.900)

Wall Friction i‘; !

9 i From the Moody diagram:
re £ = 0.0085

also

2= 6,50 in. | i

d

0.900 o

_ ¢ 0,0085(6,5)

I ; =3 0.900 = 0,0614

L ﬂ Pra) 1P32 14~ 70) S i
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~st |=— . 062 gap 4 places

— 0,922 dia (typ)

.032

[l

[

j,Q
oy

=
-/

I

| . 90 dia (typ)

l Fiow Path.

Torque Shaft

2-Serieg Valves

There ig also an obstruction in the flow path due to the shaft that
transmits torque to the lower ena of the ball:

B 4
. (3\.;!\'{.. 0,035 typ
- =

0.05 dia

. . _ :

PHAF 1P32 14— 701Y
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This may be analyzed as a venturi flow area:

Area of top section:

a = R2 cos~! (_R—%}l)-- (R - h) J2h(R - B)

R = 0,450
h = 0,450 - 0.250 = 0,200
R-h= 0,250
- 2 -1 0.250 -
a = (0.45)2 cos™" S0 - 0.250 N2(0.200) 0,250
a = 0,1198 in,2

Half area of midsection

2 -
. 3-’-1;—— [RZ cos™ ! (iﬁ-l"l- (R - h) ~Zh(R < h)]

R = 0.450
h = 0.450 - 0.250 - 0.035 = 0,165
Tr - = 0.285
= _'IL 2 2 0-285 _ =
a=%R [(0.45} cos + §*yz5 - (0.285) J2(0.165)(0.285) | = 0.1389

Flow area = 2(0,1198 + 0.1389) = 0.5174 in.2

PeiAF 1P3214~-70)
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Bore Area = 0,6358 in.2

a; 0,574

— =22 g,

Area Ratio =

The diffuser is of non-standard shape, but surely can have no more o
loss than a standard diffuser of 15 degrees semi-angle, so

b-3)
K=Cfl-=2
22

C = 0,58 from CRC Handbook
| a
| el = 0,8137
| az

K = 0,58 (1 -~ 0.8137)% = 0,0201 for each valve or 0.0402 for both

Gaps

| The gaps at the ends of each flow tube may be analyzed by adapting
the equation of Hawthorne and Helms (R,E, 10 June '63)

2. 2
= f—
= 4 h
d = 0.900

{continued)

AHAF P32 4 701
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0.062 each

1=}
n

=
1

2
0.900 2 _
- |:1 "(0-900+ 0.876/0.062) :, = 0,0484

Diversion

For purging purposes, 5 percent of the flow is diverted around the
flow tube, The diversion itself does not involve any loss in the main
stream, but there are two losses.

a. Diameter step up, upstream of diversion
d; 0.900

N1.05 (0.900) = 0.922

1]

dz

1

for 5 percent diversion

dp\2 72 [ 0.900\272
[ -(d_z)j[ = 1-(m):’ = 0,002, each valve

b, Re-entry of diverted stream from the conservation
of momentum:

K

il

K= 2[2p - pl(o+ 1)]

H 0.05 (fraction diverted)

. Zhore _ 0.6358 _
T = aelot  0.7()(0.800) 0.062 ~ °-18

K = 2[2{0.05) - (0.05)2(5.18 + 1)] = 0.1691 each valve
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Summary of K Factors (2 valves)

Element | K
Wall friction 0.0614
2 shafts 0.0402
4 gaps 0.0489
2 diameter step ups 0.0040
2 recombine di;.rerted flow 0,3382
Total 0.4927

AP of 2 Valves

K 0.4927 {above)

It

q = 8.692 psi NpOg4 at 11,91 Ib/sec

AP

I

Kq = 0.4927(8.692) = 4,283 psi for governing case.

For other cases of interest:
a. Both parallel paths, NpOy at 11,91 Ib/sec

AP = 4“183 = 1,071 psi

b. MMH at 7.22 1b/sec, one leg only

_[(7.22 \* (90.2 _ .

c. MMH at 7.22 Ib/sec, both parallel legs

AP = 4 =0, 64‘7

PHAF 1P32 {4 — 74}
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1,43 1.D,

Flow Path Through Manifold
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Manifold + Valves

At the governing case of 11,91 Ib/sec NpOy via one side only, the
velocity pressure is:

: 2
1/ o N 11,91 _ .
4 (0.669a) ) 90.2(0.669(1.605)) = 1.364 psi

68° Diverging Y

Vv
From SAE Book, page A-58, for -.‘;i- = 1.0, 68° angle:
1

K=1,13

Converging Cone

K=20

Bend, 68°, R/d =1

From SAE book, page A-19 for 90°, R/D = 1 and K¢ = 7.32 (10)°
K= 0,15

Correction factor for 68° bend, from page A-20:
C = 0,85

S K = 0,85(0,15) = 0,128

Valve Assembly {2 in series)

As previously derived

K = 0,493

PHAF 1P32 14 --70)
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b

FA 4

. ”g“ Bend, 68°% R/d = 1

1 a As before, K = 0,128

5 Diverging Cone, 10° included angle

d; = 0.900

w0 For 12° included angle, from CRC handbook page 256:

C = 0,10

- a1 12 [ 0.9 2]2
i K-—Cl--a—z- —0.101-—1—.23- 0.036
G Converging ¥, 68°
From SAE book, page A-54
e
. K = 1.07
- Liocal Reference K Referred to
ra Summary X Diameter d = 1,43
v Diverging Y 1,130 1,430 1,113
£ Converging Cone 0.000 1,430 0.000
i Bend 0.128 0.900 0.815
I Valve Assembly 0,493 0.900 3.142
" Bend 0,128 0.900 0.815
1 Diverging Cone 0,036 0.900 0.229

B Converging ¥ 1,07 1.430 1,070

7.184

AP = kq = 7.184(1.364) = 9.80 psi. N,O4 at 11,91 1b/sec via one side only

PHAF 1P32414-- 70}
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APPENDIX D

PLANETARY GEAR TRAIN ANALYSIS

PRECEDING PAGE BLANK NOT FILMED
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Actuation System

Motor/Valve Reduction System Seicction

Initially, the design requirement was identified as a single electric
motor operating a set of two identical liiting ball valves via valve shaft
mounted arms. Several mechanisms were evaluated for this actuation
train; the considerations were:

® Reliability

® Weight

® Technical Risk

® Packaging

The above resulted in the following, typical to each 1/4 of total quad:

Brake Fuel
I | Valve
g
D_ 1 I i I Four Bar
1& I ~ ‘ Linkage
Return l | Oxidiger
Spring Reduction Valve
Motor | Gear |
g |

Reliability and repeatability of actuation required the use of a high rpm
induction motor for 250 ms closing and 500 ms opening,

PHAF P32 14 =700
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Gear Train Rate

T2:1 77:1 120:1

Motor Speed (rpm) Closing 7680 8200 12,800

Motor Speed (rpm) Opening 3840 4100 6,400

; s T
Required Motor Torque (TR} | 0.66 0.63 0.372 Opening

Mode

Designed Motor Torque (Tp) | 1.32 1,26 0.744

Gear Train
Output Shaft

Above based on

T
r

160° . R 60 sec) Gear _ Motor
0.25 sec 360° * 1 min / Ratio  rpm

Total acceptance package and weight plus maximum allowed pressure drop

across {total) quad (contraction, expansion, joints, etc) required the valve @

to be close to each other. Since this optimum mechanical advantage was
obtained with a four-bar linkage, the motor and gear box (} had to be
parallel and equidistant to the valve Q .

PHAF 1P32 1470
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Oxi
Fuel Valve
Valve
Oxidizer
Gear 7, Ball
Box f& L B
‘ Four~-Bar
Mot
o J —r . Linkage
o System
Fuel e
Ball = .
Rotating
Link

All of these requirements limnit reduction as follows:

Reliable

Smali diameter (gear box between valves)

High reduction (77 : 1 ratio)

Coaxial with motor

Non-reversing (driven not ‘going’ train)

Not vibration sensitive

Requirements 1, 3, 4, and 5 can be met by most (involute)
spur gear systemas.

Requirement 6 requires heavy bearings and a large package.

Requirement 2 may be met by harmonic drive but 1 and 6
plus price and delivery are a concern,

All the above requirements are met by a multiple~stage planetary drive
in which the planets are held within a2 common, stationary ring gear
(integral with the case)

PR At P32 (4-70}
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Ring Gear

Sun

{pinion)

Plax;ets

OuUTPUT

Vibration-induced

S are reacted by
l wave springs
Vibration-induced

the ring gear

(For detail degign see Engineering Records 4.5.11 Dec '73, 3 July '74)

Once the planetary gear train was tentatively selected, the materials,
efficiency, strength, size and vibration sensitivity were considered:

Environment: Most multiple stage gear trains rely on an oil film to
control contact between plates and to lubricate the planets,

\

Oil film to separate

A

H N — l‘l Ay

plates

S

n

/

s

“/_" -

Qil Lubed

Shaft

Our reduction requirements (77 : 1) could have been satisfied by a gear
train as sketched above, but due to environmental consideration, no

conventional lubricants were used,
as shown on the following page.

PHAF 173213 =701

Instead, our design was modified

forces in this direction
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/
] L
v, /
Spring 4 svpawse | OUTPUT
Foxce
rd \ b -‘\. :
T 7 8
Ball
Bearings Roller
N Plate Bearings
Separation
Balls

In addition, all gears are coated with molybdenum disulphide based
solid lubricant. Some Krytox 260K grease (vacuum grease} is used
at the roller bearings.

PHAF tP32:a - 70D}
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Efficiency:

]

Gears with diametral pitch of 72 were chosen for good efficiency, smooth
run and accuracy of manufacturing, See figure below for efficiency curve,

£ :i
s

. 100
i GEAR EFFICIENCY
™ VS
5 ~N DIAMETRAL PITCH
i CONDITIONS:
5 | N =10
N N =60
"T.l,? o H — 1Y)
b B:, 9. | is‘:_ug ;:i;a. 0.069
- .
= O
d Z ¥
bil 89 4
}”‘ O 881
- ~
“, - .
i ~
S
v 84- o
.l 20 40 60 ™ 80 100 120

72

DIAMETRAL PITCH

Three stages = 0.9x0.9x 0.9 = 0,73 efficiency of our box,

A 72 dimetral pitch with 20° also results in a very favorable strength-
to-weight ratio tooth form which contributes toward a lighter overall weight.

PHAF 1632 (4 =701
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Third Stage Bearing
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’ /.335 = ,005

(.325*.005

4166 Pitch dia
30 teeth

—

o

)

e et e o]

For 0.06258¢ 12 Rollers

h = 12; K =

sin

P.D. = Kd + 0.001

= 3,853703

3.863703 x 0,0625 + 0,001 = 0,24248 nom dia

B = P,D, +d= 0,24248 + 0,0625 = 0,30498 ~ 0,3050+0.005

-0.000

D=P.D. ~d ~ d.oc. = 0,24248 - 0.0625 - 0.0005

= 0,17948 =~ 0.1795}0

where d,c. = 0,0005 min

Seat P32 14 - T
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322 1b
3 brgs

8200 (36)
(5)(4.2)(30)

1t

Load = 74 1b/bearing

1]

Speed = 468 rpm SF = 2,2 (page 119 torr)

L.F, 0.38 (for 20 hrs p 119 torr)

RF = 1,1 {page 120 torr)
HF = 7.15 (R¢ 35) (page 120 torr)

Reqg. BDe = (74)(2.2)(0.38)(1.1)(7.15) = 486 1b

(6.6 in-1b) 27.72 in-1b
£ 26 390.47 rpm

(1640rpm)_\D=1+K=1+§-6 ‘
Motor input 5:1 4.2:1 / 3 .1
1.32 in-1b i | 3.666:

ot 6.\,

l
8200 rpm 36 \ 33 l 112 in-1b

30 .
for 250 ms _10.8333D | 3, 0.8749D m at energy

operation 0.41665R 30| 0.43745R N absorber

24 | Z S

1.45 in-1b 7.27 in-1b 30,55 in~1b
from stop . from stop from stop

b,P, =0,50
— D.P. 0.3333

Class 3 (precision) gears, dianietrical pitch 72
Maximum error in action = 0,0005 (ref Mach, Handbook Page 718)
Material: 440C R, 33-35 (Brinnell 302-331)

Tensile 142-155 ksi

PHAF 1P32 14 —~70}
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Rollers - Dynamic Capacity

Second Stage Planets - 12 rollers 0,0469 dia x 0.166 1g Q - 8271

29
Basic Dynamic Capacity (BDC) = A d?7 .@%—(Torrington Cat 567 pp 118-123)

Where A = function of number of rollers
d = roller diameter, inches
Jd = effective length of roller contact, inches
= 6,
2 .'r’_
a7 4% = 0.00705 for gpherical end rollers

BDC = (36, 700)(0,00705) = 258 pounds available

64 1b
3 brgs

Load on bearings - = 21.4 lb/brg

Speed is 1640 rpm x %g' = 1490 rpm; SF = 3.1 (from p 119 torr)

_ 34\f rev 1 min i 1 hr _ -
Hours of use = (10,000 cycles) (5 )(cycle) (1640 re\') (60 min) = 0,71 hrs

Use 20 hours as safety factor; LF = 0.38 (from P 1.9 torr)
Rate rotation factor, RF = 1,1 (from p 120 torr)
Hardness factor, HF = 7,15 (R¢ 35)

The Required Basic Dynamic Capacity, BDC = Load on bearing x SF x LI
x RF x HF

= (21.4)(3.1)(0.38){(1.1)(7.15) = 198 pounds

Third Stage Planets - 12 rollers 0.0625 dia x 0,310 1g S5-1414-Q

29 1
a2749 = 0.0178; A = 36,700; BDC = 36,700 x 0.0178 = 653 pounds,

Frds P32 .2 - 700
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Basgis of Calculations:

- "Swfv( 1200
t™ p 1200 + V

This is the Lewis equation with zero service and lubrication factors,
(Reference Desgign of Machine Elements, Vallance and Doughtie)

F; = tangential force at the pitch line

Sw = Safe Stress (approximately 1/3 of ultimate strength)
f = gear width
Y = form factor
V = velocity at pitch line in fpsn
Fy = limit load for wear
Seg = surface endurance limit
E = 29 x 106
Np, Ng = number of teeth in pinion, p or gear, g

¢

20°

1

For wear:

Y
Yw

N (Dp) (f)lsi?) (Sin(#) (NZ :gNg) (Elp ¥ Elg)

Ul
i

es = (400)(Brinell No.) - 18,000 = (400)(302) - 10,000 = 110, 800

= 67,000 (Ref Des, of Mach p 382)

g

PHAF 1P32 14 -7
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FIRST STAGE

¢.5000
36

LI

0.3333

= 6.6 1h"in¢
0,41665

= 15,8406

NN |

@ @ Tangential force on input pinion {sun gear) is:

1.32 1b-in.
F 2 == 7,9208 pounds,
oloMwr

For calculated pinion wear is can be assumed that the load is
distributed among three surfaces with a constant full contact
of at least 70 percent or equivalent of

7.9208

Fog=""7 — = 3.9604 pounds

PHAF 1932 14 =70}
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Considering higher loads imposed by stop, i,e., 112 lb-in. at 3rd stage

. 112 Tb=in, _ . . _
output - (3.666)(4.2) 7.274 lb-in, at first stage output

then F] = Te212 17,458 pounds; because two surfaces in contact
0,41665
17,
Fy = ? :58 = 8.72% pounds,

Assuming a minimum of two contact surfaces out of three planets

g = 22222 - 4,3645 pounds

For pinion strength, and assuming a service factor = 0,80 and a
lubrication factor = 0,50 {medium shock p 383 Design of Machine Elements)

Swa( 1200

= 1200 + 'V) (SFY{L.F); Y = 0.336, Vv = 715,58

Ft=

Solve equation for f which gives minimum gear width,

(F(P) (1200 + v) 1

T (8T \ 1200 / (SFNLE)
_ (3.96){72) 1200 + 715,58 1 _ .
~ (67, 000){0,336) 1200 (0.80)(0.50) 0.05054 inch

For pinion wear:

o (Po)(f)(Bes)* tsin ¢) ( 2 Ng ) (L ' _1_)

w ' 1.4 Np-l- Ng Ep Eg

{continued)

PHAF IPZ214-70)
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Solve equation for f which gives minimum gear width.

(E4) (1.4 (Np + N ) (E " Eg )

f= — 2
2 T "1
(Dp) (ses) (sin ¢ )(2Ng)
6 6 :
_ (3.96)(1.4)(24 + 36) (29 x 106 | 29x 10 )= 00475 in.
(0.3333)(110800)%(sin 20°){2){36) 1 1

This was based on only two surfaces in constant contact, For planet
strength, f will be smaller for larger Y's,

For planet wear

c . _ (3.96){0.3333) _ . L .
f= {0.500)(82,73) = 0,032-ir.ch minimum width

Considering stop loads into pinion strength requirement,
Fy = 4.365
4,365 = 78.344 £, £ = 0,0557-inch minimum

NOTE: Based on antifriction design and calculated size, planet width
- 1ill be 0,060 inch.

PHAF 1P32 14 -70}
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SECOND STAGE

%*Fz

Second Stage Input

(1.32)(5) = 6.6 Ib~in. 0.4375

Second Stage Ouiput ———"

(1.32)(5)(4.2) = 27.72 lb~in. 0.45833
33
F, = 27.72b-in. . 43 36 pounds 0.41666

0.4375

1t

@@ Tangential force on input pinion (sun gear) is:

6.6 1b-in
F, = ———=———= = 31,68 pounds ,
OO ‘Lik

For calculated pinion wear it can be assumed that the load is distributed
among three surfaces with a constant full contact of at least 73 percent
or equivalent of

31,68

Foy = 5 = 15,84 pounds.

PHAF 1P32 (4—-70}
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Congidering higher loads imposed by stop, i.e., 112 Ib~in. at 3rd stage

Output —

then Fp =

or

112 1b-in,
(3.666)

30,55
0,4375

_ 69.83

Py 2

= 34,915 pounds,

= 30,55 lb~in, at second stage output

Assuming a minimum of two contact surfaces

34.915

Fg = 2

= 17,457 pounds.

SECOND STAGE

For pinion strength

PHAI 1F32¢4--70)

Y 0.358

T30 1640 = 178.89

V=1z%72

F; =~ 15.84 pounds

_ 77,800 £0.358 1200
15.84 = 72 1200 + 179
15.84 = 168,27 f
i = 0.094 inches minimum

x 1.00x 0,50

= 69.83 pounds; because two surfaces in contact

....
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For Pinion Wear
Fw = 15,84 pounds
_ 0.4166 £ (118.400)% sing (z x 33 ) -8
15.84 = — T3] 6-8% x 10
15.84 = 103.07 £
i
£f = 0.1537 in, min width

For planet strength, { will be smallier for larger Y.

For planet wear

00,4583
15,84 = 103,07 £ x 0.4166
15,84 = 113,387 £
f = 0,139 inches minimum

Considering higher loads imposed by stop, new minimum width of £
shall be

17.457

it

168,27 £

f

1,037 in. minimum

PHAF 1P32 (4 =70}
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L-ﬁ-—F3

0,45833

0,41666
30

: Third Stage Input
(1.32)(5}(4.2) = 27.72 lb min

Third Stage Output
(1.32)(5)(4.2)(3.666) = 101,62 1b-in,

101,62 1b-in.
0.458323 in,

Fg = = 221,717 pounds
@ @ Tangential force on input pinion

27,72 1b-in.
E & ——————=" = 110,88 pounds
D@ s

For calculated pinion wear, it can be assumed that the load is dist.ibuted
among three surfaces with a constant full contact of at least 70 percent
or equivalent of

110,88

‘ Fy = 3 = 36,96 pounds

PHAF P32 14 -- 701}
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Considering higher loads imposed by stop, i.e., 112 lb-in, at 3rd stage
112 1b-'i11.

Qutput ~ 0.45333 = 244,365 1b-in. at first stage output,
then F3 = _zi‘_a_jﬁ 122,182 pounds; because three surfaces in
L-
122,
Fa = —jﬁ% = 40.7275 pounds

PHAF 1P3214—-70)
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APPENDIX E
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1.0

2.0

3.0

3l

3.2

3.3

_ PHAF 1932 {4 - 70)

SCOPE

This procedure outlines the verification testing procedure
to be performed on tie O:biting Mameuwvering Engine (OHE)
Propellant Valve Assembly.

APPLICABLE DOCUMENTS

The Parker=-Hannifin documents listed below form a part of-
this document, except if conflicts exist, this document takes
precedence,

QCPM610 Calibratiom Records and Controls
QCPME20 Calibration of Test Equipment

1PMP5730018 Program Plan, OMS Eangine Propellant
Valve Technology Program.

GENERAY, REQUIREMENTS

Environmental

Unless otherwise specified all testing shali be conducted within

the following environmental conditiomns:

Temperature 70°F + 10°F,
kelative Humidity 907 maximum.
Barometric Pressure: Local Atmosphere,

Tolerances

Unless otherwise specified, the following tolerances apply to
test parameterss

Temperature + 5°F.
Electrical + 1% F.S.
Weight = Secondary stamndard requirements.

Test Facilities

All test facilities to be used for these tests must be approved
by the project engineer,

T
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3.5

3.5

3,6

3.7

3.8

3.9

3.10

3.11

Tha

Fallure Reporting

Any test result that does not meet the specified requirement
constitutes a failure and terminates the test immediately until
the cause of the variance is determined and/or the project
engineer authorizes contipuation,

Test Equipment

Test equipment, as called out in test setup figures, 1s identified
in detail in Table 3~l1. The test equipment shall be capable of
producing, maintaining, and indicating the specified test comnditioms.
Applicable instrumentation shall be subjected to periodic calibration
in accordance with QCPM610 and QCPM620 and shall be marked with
calibration due dates.

Test Sequence

The seq:ence of testing is optional and any order can be accomplished
with ap,<oval of the project engineer,

Photogrsphs
Photographs of good resolutlon shall be taken of ali test setups.

Test Results Data

Complete test results shall be recorded for each test, Data will
be maintained on supplied data sheets or strip chart outputs;. refer
to Paragraph 4.3,

Disposicion of Data

At the conclusion of testing all datz will be provided for the
project engineer,

Test Report

& fimal test report shall be prepared by engineering for inclusion
in an overall project report.

Disposition of Test Specimen

Test specimens shall be cleaned, packaged, and turned over to
sagineering at conclusion of Eﬂftiﬁg,
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TABLE 3-1

TEST EQUIPMENT

Desgeription Range

" Voltmeter 1, 0=32 Vdc
- 2, (=32 Vdc
B 3, 0=32 Vac
4, 0-10 Vac
Ammeter 0=20 Amps

Power Supply le 036 Vdec
2, 0~10 Vac, 400 hz

Recordez 8 Channel

i Gauges 1. 0=500 psig = 2 req.

]

HAF 1P32 (4 ~70)
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4.0 TEST PROCEDURE
%.1 General

System testing comnsists of those tests necessary to demomstrate

the performance of specific areas of concern within the subject

valve design. Detail test instructions will outline procedures

to allow evaluation and definitization of the following functioms:

DEFINITION |

l. Operational Verification - with all detail components assembled
verify the operation of the valve
assembly, L.e., cycle open to closed
and closed to open.

2. Response Time ~ Measurement of time to opem and time to close
valve,

3. Response Repeatability = Measurement of difference between
response time cycles,

4. RVDT Position Indication = Testing of valve position monitoring -
capability.

5. Logic Verification = Demomstration of electronic control logic o
cireuits to perform as specified.

6. Power Loss Valve Response = Verification of valve cleosimg with
pewer loss,

7« Knetic Energy Absorbing Spring Test - Verification of spring
action,

8. Brake Test = Demonstration of brake operation, including holding
torque at both power levels,

4,2 - Detall Components

Table 4-1 presents a list of the detail components to be used for L
system testing. Alse included in the table is the Parker~Hanuifin
- drawing number.

PHAF 1P32 (4 - 7D)
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éj TABLE é;l

COMPONENT LIST

:J Part Ho, Description
5736122-102 Motor

. - ) Electronic Control

0 5736114-101 . Planetary Cear Box

o - Linkage

- 5730025-101, 102 Valve Assembly

23501 Pickering RVDT

. Hunt er Spring Coxp Negator Spring

“ | 5736119-1 | K. E. Absorbing Spring

Prior to initiati-g system testing assemble the system
i components in ac.ordance with the assembly imstructions
e included in document AIP 5739000,
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4a3 Data Recovery

All pertinent parameters will be monitored and rocorded on

a strip chart recorder. A complete set of data will be re=
corder for each test conducted thereby minimizing instrumen=-
tation time, Table 4-2 presents the critical parameters to be
recorded and describes the significance of each.

TABLE 4e2
RECORDED PARAMETERS

Parameter Ranga/Units Significance
RVYDT Signal Out, 0,05-0,15 Vac This is a continunous signal of
S1 amplitude versus time, The two

end points represent valve closed
position (0,05 Vac) and open posi~
tion (0,15 Vac). Valve response
time can also be established.

Input Current 0-15 Amps Motor current draw,

Motonr Voltage 0=36 Vac This represents the voltage

i supplied by the electionic control
to the motor as measured across
A to B inputs,

Brake Voltage 0-36 Vde Brake voltage will provide
holding power information,
Battery Supply 24-36 Vdc The required voltage design

Voltage ‘point for the motor was 24~30.5

: Vdc and this output will verify
application of input voltages of
the required magnitudes,

Valve 1 inlet 0-265 psia This represents an aerodyaamic
pressure torque loading for the system,
Valve 2 Inlet 0-265 psia
pressure

PHAF 1P32 {4 = 70Q)
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Test Instructions

Connect the system to a test setup as shown in Flgure l.
Use test equipment called out on Table 3-1, Proceed with
detail operational verification test as outlined in the
subsequent procedure,

be

Ce

d.

f.

Ee
h.

i.

Apply 27Vdc battery input voltage. .
Apply 6Vac 400 hz input voltage to RVDT,
NOTE
Valve is in the closed
position and should not
change.

Depress activate swiltch (81),

Valves should actuate to full open position and
remain there,

Depress sactivate switch (S1).

Valves should actuate to full closed position
and remain there.

Apply 206 psia GN, to valve inlet port.
Depress activate switch (S1).

Valves should actunate to full opea position and
vemain there,

Pk
.

el
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- Observe that the valve assembly operated smoothly
o with no signs of binding.
(S
- J+ Depress valve activate switch (S1),
QQ k. Valve should actuate to full closed position
) and remain there,
" 1, Reduce valve inlet pressure to ambient,
- m, Reduce battery input voltage to 24 Vdc.
‘; n. Apply 265 psia GH2 to valve inlets,
" c. Depress valve activate switch (S1),
b ‘pea  Valve should actuate to full open position
and remain there,
i; q. Perform tests as listed inTable 4-3,
"TABLE 4-3
ACTUATION TESTS
é; Apply Battery Valve inlet )
t a
o Test ‘Voltage, Vdc Pressure, Psia Cycles
uﬁ 1 24 265 1} 5 cycles, open to closed
= ) Final cycle remove inlet
. power (open switch S2).
= 2 26 265
- 3 28 265
4 30.5 265
5 32 . 265
6 32 172
: 7 3045 172
By 8 28 172
y 3 26. 172
; 10 24 172
i {
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T« Remove system power,

s, Disassemble system from test setup,

5.0 HARDWARE EVALUATION v

. At the end of all testing, disassembly the components
as necessary to inspect for any operational wear or damage.
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| 1.0 SCOPE
This development test procedure details the design

I

verification testing to be performed on the Orbiting Maneuvering Engine

i (OME} Propellant Valve, Parker-Hannifin PN5739001, and its components,
This plan covers Task IV under Phase II of Parker-Hannifins Program

n Plan, ]PMP5730018,

2.0 APPLICABLE DOCUMENTS o

i : The docuwments listed below form a part of this ) N
document to the extent specified. D)

_J a. Military Specifications :

o MIL-P-27401B, Nitrogen, Propellant Pressurizing Agent
- b, Military Standards
w MSFC 237 Freon, Cleaning Solvent
am c. Parker-Hannifin
o ES5-13 Laminar Flow Clean Room Facility -
i ES5-15 Quality Control Procedures and Practices,
= . Contamination Control Area and Componeats
QCPM610 Calibration Records and Controls

- l QCPM620 Calibration of Test Equipment

= 5739001 ~ Ball Valve, Lifting (Prototype)

: ao

« 1PMP5730018 Program Plan, OMS Engine Propellant Valve b
Lo ' s " Technology Program Lol
R EPS5736146 Process Specification, Ultrasonic Cleaning, g
CO 3.0 GENERAL REQUIREMENTS
Nt .
. 3.1 Environmental - Unless otherwise specified all testing

L ghall be conducted within the following environmental conditions:

I .-

:E PHS P35 8-70 i
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‘Contamination Control: ES5~13 (Clean Room)

Ternperature: | 70°F £5° F
Relative Humidity: 90 Pexcent n;:- less
Barometric Pressure: Local Atmosphére

3,2 . Tegt Media -~ The following test fluids will be used:

| Nitrogesn in accordance with MIL~-P-27401

Helium in accordance with MIL-P-27407

i Distilled or de-ionized water
Isopropyl alcohol per TT-1-735

Freon per MSFC 237

3,3 Tolerances - Unless otherwise specified, the
following tolerances apply to the application fof test requirements,
Weight: | # 1 psrcent
Temperature: = 5°F
Pressure: To be measured on gages with

range and accuracy necessary
to assure design requirement

compliance,
Flow Réte: % 1 percent
Leakage Rate: i 10 percent
C 3.4 | Test Facilities - All tests shall be conducted at the

Parker, Irvine, facility. Should the necessity arise for additional test
facilities, these facilities shall be selected from Parker-approved test labor-
atories, All testing shall be under the supervision of Parker project engineer-
ing personnel, '

PHS P36 8 70
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3.5 ¥ajlure Reporting - Failure is defined as the inability
of the valve to meet specified performance requirements of this procedure,
In the event of a failure or out-of-tolerance condition, it shall be the
responsibility of Parker test engineering to concurrently and immediately
notify Project Engineering, The test setup, equipment and test specimen
shall be examined in ordexr to provide the basis for subsequent failure verificat-
ion and assurance that an actual valve failure has occurred,

3.6 Test Equipment - Test equipment shown in test Figures
(or equivalent) shall be used. (The percent shown is rpnaximum percent of full
scale accuracy), Test equiprment shall be capable of producing, maintaining
and indicating the specified test conditions. Applicable instruments shall be
subjected to periodic calibration in accordance with QCPM610 and QCPM620
and shall bear a current calibration decal at time of implementation,

3.7 Testing

3.7.1 Component Testing - The basic concepts of the valve
will be tested at the valve component level., Tools and fixtures will be used
to isolate failure modes for the purpose of establishing the optimum conditions
which will prevent failures in the valve, Component tests are divided into
three main catagories - (1) seat tests, (2) torque tests and (3) visor rmotion
or linkage tests. Individual tests are included in Appendix B,

3.7.2 Valve Tests - Testing of the complete valve shall be
undertaken after component testing is in progress or has been completed. The
sequence below will be followed to the extent permitted by hardware avail-
ability and success encountered,,

PHS P36 8.70
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3.7.3 Test Sequence - Testing will follow the sequence below
unless otherwise directed by Project Engineering, :
. . VALVE
TEST Paragraph Component SNO1 SNo02

Cleaning & Particle Count Parts 4,1.4 1 1 1

Cleaning & Particle Count Valve 4,1,5 - 2 2

Valve Seat Tests 4,2.1.1 ' 4 2%, -

Torque Measurement 4,2.1,2 3 - -

Linkage 4,2.1.3 4 - -

Proof Test 4,2.2.1 - 3 3

Torque Tests 4,2,2,2 - 4 4
. Exteznal Leakage Test 4.2.2.3 - 5 5

Interné,l Leakage Test 4,2.2,4 - 6 6
. F]jow - AP Tests 4.2,2.5 - 7 7
‘Temperature Leakage Tests 4;. 2.6 5 8 -
" Vibration Test 4,2,.2,7 - - 8

Life T.est 4.2,2.8 - - 9

Hardware Evaluation 5.0 6

PHS P36 8-70
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3.8 Photographs - Photographs of good resolution shall be made
of each valve test setup for inc¢lusion in the test report,

3.9 Test Resulis Data - Complete test results data shall be recorded
for each test using reproducible copies of the data sheets provided in Appendix A,
Where appropriate, test results data shall be recorded as exact observed values,
Entries on data sheets shall be made clearly and legibly,

3.10 Disposition of Data - At the conclusion of testing, the original
data sheets shall be retained by Parker project engineéring,

3.11 Test Report - A {final test report shall be prepared by engineering,
The report shall be complete within itself, The test report shall.include, as a
minimum, the following information:

&, Introduction, purpose, summary and conclusion,
b. Detailed report of each test,
¢, Exact test methods and results,

d, Detail schematic and/or photograph of each test setup
with a list of all test equipment and instrumentation
uged, the manufacturer's model number and accuracy,
The serial numbers of equipment which are critical for
repeating tests and/or calibration shall also be logged,

e, Data sheets recording all raw data as actual values.
f. Traceability to test equipment, operators and witnesses,
g. Location and time of test performance,
h, Required traces to verify levels for all vibration tests.
i. Detailed paris list containing part number, drawing

revision letter and lot number for each part in the

test article.

3,12 Deviations and/or Variations - Any deviations and/or

variations from the procedures specified herein shall require approval of Parker
project engineering prior to testing. Any changes to this procedure after its

appreval may be initiated in the form of an amendment, change erder or revision
to the procedure,

VI
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3,13 Disposition of Test Specimen - Test specimen SNO1 and 02

shall be placed in bonded stores at Parker-Hanmnifin for system testing which o
shall follow, 7

. L
3,14 Success Criteria ~ The success criteria for the evaluation : }\
program shall be the capability of the valve fo withstand all environments T L
imposed upon it and meet all post-environment functional checks, ol \
| . |
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4.0 " ASSEMBLY AND TEST
4.1 ASSEMBLY PROCEDURE
4.1,1 Contamination Control - the following procedure shail

be used for contamination control during full o# partial assembly of the OME
vilve or its componants. All assemblyor._disassembly will be done in the
clean room environment. ’

4,1.,2 Parts Inspection - Inspect all parts to be assembled,

" under 20 X magnification for loose burrs, burrs in corners, passages, edges,

etc,, for contdmination and for dicks and other damage,.

‘ 4.1,.3 Preclean -~ Preclean all parts, tools and fixtures as
follows:

(a)* Sonic clean in Turco 3878, minimum of five {5) minutes.

{b} Rinse in de-ionized water.

(c} Clearn in Turco 4215,

(d) Rinse in de-ionized water,

{e)* Sonic clean in 1sopropy1 ‘alcohol, minimum of five (5)
minutes,

(f} Blacklite inspect parts.

(2} Place in clean poly protective container.

4,1,4 Clean and Particle Count (Paris and Tools),

(a) ®# Ultrasonic ciean parts, tooling and fixtures for approxi-
mately five (5} minutes.

(b Wash in alcohel.

{e} Flow 508 ml of freon over hardware and particle count
per ARP598, Particle -ssunt for a 500 ml sample shall
‘not exceed the limits below, Use visual count unless
automatic counter is specifically suthorized by Engineer-

ing.
) PARTICLE SIZE NQ_. OF PARTICLES
T £-25 ¢ Iang
26-50 B ) 50
51-1008 5 (No metal particles)
1o 1-2—99-!1—--1-@10 metal particles)

7-200H8
# Clean per EPS5736146 as applicable.

PHS P36 8.70
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Vacuum oven dry parts at 150°F at 25" Hg minimum
for thirty (30) minutes, minimum.

Vaive Asgembly - All parts, tools and fixtures shall

be cleaned, particle counted and dried per para, 4.1.4
and all valve assembly and dis-assembly shall be done
in a cleanroom environment, An assembly procedure
shall be developed, incorporating any special techniques,
tools and changes to the drawing 5739001,

Examine each part under 20X magnification for burrs,
cuntamination, finish on bearing surfaces and ather
damage or conditions which can affect performance.

. Ball Bearing Installation - Install the duplex bearings

back to back {DB) as shown in assembly print PN 5739001,
Place 2 TBD%inch shim between the two bearing outer
races only as shown in sketch., (Ball bearings are /o be

. protected from solvents and water by the

use of Tool No, ¥59-0-316 when
clearning the valve and by use of
light lubricants during normal
use to prevent corrosion),

|~ st
Install the two shaft seals per ] '

Drawing 57329001, ‘ .

R
Vison Installation - Install the
visor on the shaft prior to shait

prior-to-shaft installation into

of the Belleville spring, PN S '

5736093, on the visor in the
agsembled position,

Shaft Installation - Install the shaft-visor-link assembly

making sure that the link fits on the 5736090 pin. Install -

the"5736081 lever and apply 30 to 40 in-1b of torque f{c the
shaft nut, '

)

# To be determined at Test Series 180-200,
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() Cover Installation - Install the 5736075 Cover, Check
the shaft and visor for freedom of movement, and for
vision orientation, Measure the shaft angle rotation,
. -+
Install the seat assembly and the F65~0-2233 Det -3 outlet
fitting, Measure the shaft angle rotaiion,

4,1,6

Cleanines and Particle Count -~ Install the valve as shown
in Figure 1. .Jpen and close the valve while flowing freon at 100 psi through

the valve, Catch a 500 ml sample and particle count per ARP598. Use the

limits in para, 4,1.4 (¢). In cycling the valve DO NOT exext a torque greater
than 50 Ib-in at the end of the opening or the closing stroke.
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4,2 TEST PROQCEDURE
4,2,1 COMPONENT TESTS
4.2,1.1 Seat Tests - Seat te},ting at the component level shall

be per Appendix B, Test Number (TN) 180-100 series, The object of this
testing is to develop alternative seat.configurations, to evaluate the effect of

valve variables on seat performance, and to be able to isolate valve variables
for evaluation and development purposes,

- 4.2.1,2 Torque Tests - Torque tests will be conducted to
establish optimum bearing preload, te determine bearing friction loads and
fo establish a reference design level to evaluate performance changes,
TN180-200 series of Appendix B cover torgue testing.

4,2.1.3 Linkage Tests ~ Linkage and relative motion of the
i phaft, visor and linkage are evaluated together with the torque test in
© TN180-200 series of Appendix B,

- aas -
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4,2.2 VALVE TESTS
- Proof Presgsure Test
4,2.2,1, Erocedﬁre - Connegct the OME valve as shown in

Figure 1. Open the visor and pressurizingjo 435 % 10 psig. Hold pressur-
for five (5) minutes, minimum, Then close the visor,and loosen one of the
down stream AN929 caps to bleed the downstream pressure and remove the

AN929 cap. Hold inlet pressure five (5) minutes, minimum. Actuate the
visor after depressurization.

4,2,2.1,1 Requirements = There shall be no visual evidence of

cracks, warpage or any other pressure induced damage nor impairment of
moverment of the shaft and visor, Record data in Data Sheet A-1,

ANG28-20 CAP
' AN329 -4 CAP

O-500 PS5

PRESSURE

| : GAGE | %
A ; ACCURACY OR
§ l BETTER |

OME ' S i
—-PRESSURE
| WMNE._- ; FWIER SOVURCE
TOOLFFE5-0-22

TooL #F65-0-2233\ DET-2
. DET-3

| :SHAFT SEAL PORT
_ .FIGURE 1

PROOF PRESSURE

PHS P36 8.70
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4,2,2.2 Torque Measurement

4.2,2.2.1 - Brocedure - With the valve depressurized, make an
X~Y plot of shaft torque VS positon, Make a complete hysteresis curve,
Pressurfize OME valve with 290 psig of freon per Fignre 2, at the start of
the test,’ and actuate the visor three (3) times.

4,2,2,2.2 Reguirement - Compare torquehysteresis curves with
data obtained during component tests, Evaluate znd investigate any changes to
the reference criteria. Record data in Data Sheet A=2,

FLOW LIMITING ORIFICE
/_ AN 329 -4 CAP

O- 500 PS3I
~ PRESSURE
ANVGAGE | %

BETTER
. 5 . ;
e - (O - PRESSURE  ©
' ome L LEETER SOURCE
VALVE — \ . - _
TOOLFF&E5-0-223% |

TOOL ¥ F65-0-2233

DET-2
DET-3 -

:SHAFT SEAL PORT

FIGURE 2
TORQUE WMEASUREMENT

_.PHS P36 8-70
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R 4,2,2.3 External Leakage
4,2,2.3.1 Procedure

s (2) Connect the OME valve per Figure 3A. Open the visor
. partially and pressurize the valve with 300 = 10 psig of helium, Hold the
pressure for a minimum of five (5) minutes before making a reading and until
e the mass spectrometer detector stabilizes, Record the body leakage and thea
reduce the pressure to 5 psig and repeat the above procedure, Make sure
- fittings and {fixture seals are not leaking during test,
(b) Connect the OME valve per Figure 3B. The visor
o will be partially open. Measure leakage out of shaft seal #1 by repeating |
the procedure above, except use N, leakage measurement. b

= {c) Connect the OME valve per Figure 3C., The visor w..ll
be partially open, Measure leakage out of shaft seal #2 by repeating procedure
(2} above, except use Ny leakage measurement,
4,2,2.3,1 Requirement - Record body leakage, shaft seal port
leakage and shaft seal _ (out of tool No, F59-0-316) both at
high and at low pressures. Helium leakage shall not exceed 1 x 1074 cc/sec
nd nitrogen leakage shall not exceed 10 scc/hr, Record data in Data Sheet A-~3.

-

onv]

"001_#{:65 O~ 2233 DET-3

\ - AN 923 -4 CAP

— ANBOE-2 PLUG AT SHAFT SEAL POR]

Ew gl

-

"“AM 9293
Iaa CAP ToOL ¥FB5-0-2233 DET-2
. pPBELL JAR O-300 PS| PRESSUR
I ] ‘GAGE |96 ACCURACY |
‘ ' — = OR BETTER
: | . |
i TOOL"?‘F’SS-O-B!SJ 5 i |_§ . HELIUM PRESSURE
: FILTER SOURCE

—TO MASS SPECTROMETER
FOR LEAKAGE DETECTION

FIGURE 3A .
BODY LEAKAGE

l PHS P3E 8-70
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TOOLF F59-0-318
AN 829-4 CAP

0O-300 PS| PRESSURE

— Nz LEAKAGE" oy
D?ETEC'I‘ION GAGE 19 ACCURACY | g
ANS828-20 OR BETTER
AP ——— . - i
N T NITROGEN | |
e FILTER PRESSURE .
/ vALVE [Nroo) #res-0-2253 DET-2 SOURCE 1
TOOL¥F65-0-2233 DET-3 ‘ L
— | FISURE 3B T S
#1 SHAFT SEAL LEAKAGE
. By
T
TOOLF F53-0-316 -
: CRANGZS-4 CAP . : T |
.5 M 0-300 PS| PRESSURE ~ |
: . |FILTER . GAGE 19% ACCURACY . |
W 229-28 l o OR BETTER ol
CAP —~_ e * .~
-\."" | 5 ax - NMTROGEN i o
A E FILTER ' PRESSURE IR j
S B b
b LEAKAGE VALVE \—TODL’*FSS-O-ZZSS DET-2. SOURCE J =
IETECTOR : : A

“TOOL#F65-0-2233 DET-3

"FIGURE 3C
#2 SHAFT SEAL LEAKAGE

PHS P35 8.70 EXTERNAL LEAKAGE
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4.2.2,4 Internal Leakape
4,2,2.4.1 Procedure - Connect the OME valve per Figure 4,

Prassurize the closed valve to 265 + 5 psig., Allow to stabilize for five (5}
minutes, minimum, then measure leakage at outlet port while maintaing a
torgue of ¥TBD in-1lb on the shaft, clockwise. Reduce the inlet pressure

to 5 spig and repeat the leakage test, while maintaining the clockwise torgue
on the shaft, '

4,2.2.4.2 Requirements - Record leakage and any test condition
which influenced leakage rates. Leakage shall not exceed 10 sce/hr of GN2,

# To be determined at component testing test series 180-1006,

AN323-4 CAP

ﬁ r-—-——'-AN 806-2 PLUG O-300 PSS} PRESSUR
. SHAFT SEAL PORT GAGE 0556 ACCURACY
= s ' OR BETTER
(e B .@ 5 AA : NITROGE
' EAKAGE S L FILTER ' ~~ PRE "SURE
LVE [YrpoL #res-0-2233 DET-2 SOURCE

o
I IEASUREMy VA .
_ TOOL¥F65-0-2233 DET-3 o

1
|

5w e e ————————r——— . . — e— e wmmmts

_FIGURE 4

INTERNAL LEAKAGE

1
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4,2,2.5 FLOW-AP TEST
4,2.2.5.1 Procedure

(a) Single Valve ~ Connect the OME valve as shown in
Figure 5A, Flow 72 gpm of water with an inlet pressure of 290 psig. A flow
limiting orifice shall control the water flow., Repeat the test three (3) times
continuously recording AP, Pinlet, and shaft torque as a funtion of shaft
angular position through3 complete cycles,

(b) Series Valves - Connect the valves as shown in Figure
5B. Repeat procedure (a) above, 'except that the two valves will be actuated
simultaneously,

4,2.2.5,2 Requirements - The presure drop shall be 5 psid,
maximum, Record data in Data Sheet A-6. ‘

—1 % FLOWMETER ©0-500 PSID 0.5% TRANSDUCER
O—100 GPM - “ 1 —~0-500 PS| 0.5%
OR|FICE ANBOG -2 PLUG AT
AP )
- l = n,f/-SHAFT SEAL PORT
L'R\ . l ; ) ‘-"r’?l-r:jg --.W- e ANATER
— © SH | o PRESSURE
] 1 i FILTER SUPPLY

5 L £33 43

ToOLFFE5-0-2233 —/ /SHAFT POSITION TOOLFFE5-0-2233
JET -3 . . TRANSDUCER OR POT DET -2
L . . 0-80° MIN, 9% S | -

P

FIGURE 5 A

" SINGLE VALVE £

PHS P36 8-70
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[ C-500 PSID 0.5%
TOOL ™ F65-0-22335 TRANSDUCER,
RS N }\ O-500 P31 0.5%
1% FLOW METER PRESSURE
L 0-10D GPM \ \\ PiN| TRANSDUCER
ih — FLOW LIMITING AP
L\ \DR)FME | \
T\ 4 ONE VALIE| N [OFE VALV ,
s iR 7 o~
_ l , ,,r@ | FILTER _/
- | & | WATER
TOOLFFES-0-2233 / | PRESSURE
[ pET-2 1% SHAFT POSITION ' SUPPLY
~ TRANSDUCER OR POT | '
I O~30° MIN ROTATION LTOOL#FFE5-D-2233
L - DET -2
I‘I FIGURE 5B
1 ¥ SERIES VALVE
) FLOW VS AP TESTS
!I' PHS P36 8.-70
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- 4,2,2.6 Temperature Internal Leakage

4,2,2,6,1 Procedure -~ {a) Comnect the OME valve per Figure 6,
and condition the setup for 2 hours, min. or until it stabilizes at 40°F.
Pressurize the closed valve to 265 £ 5 psig, . Allow to stabilize for five (5)
minvtes, minimum, then measure leakage at outlet port while maintaining a
torque of #*TBD in-1b on the shaft, clockwise, Reduce the inlet pressure to 5 psig
and repeat the leakage test, while maintaining the clockwise torque on the shaft.
{b) Condition the setup as above, except at 200°F and repeat the infernal leak
tests, . o

- 4,2,2,6,2 Requirements - Record leakage and any fest condition
which influenced leakage rates. Leakage shall not exceed 10 scc/hr of GN,.

# To be determined at component testing test series 180-100.

CONDITIONING BOY¥X

~AMNBO6-2 PLUG

¥ TBD IN-LB SHAFT SEAL PORT

TORGUE AN 823-4 CAP

_0-300 PS| PRESSURE
GAGE 0555 ACC,URACY

OR BETTER
S T ' | NITROGEN
- i . 1 | Sax . N
| FILTER[ T PRESSURE
SMENT# | VALVE | _ .. SQURCE
LEAKAGE  4TOCL¥F65-0-2233 DET-3 TOOL #F65-0-2233
MEASUREMENT - DET -2
FIGURE ©

TEMPERATURE INTERNAL LEAKAGE

PHS P36 8-70
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4,2,2.7 VIBRATION
4,2, 2. 7.1 Procedure -~ Mount the valve on a vibration fixture,

Position the driving accelerometer on the valve body, a monitor on the end
of the shaft, one on the valve outlet port and one on the test fixture (See
Fig. 7).

Random vibrate for five (5) minutes on each of the three {3) orthogonal axes
at the following levels when the valve is unpressurized:

20 to 286 Hz 0.025g2/Hz
286 to 700 Hz 6 db/octive rise
700 to 2000 Hz 0.15g2 /Hz

Perform the following after each axis is tested:

{1} Torque test per 4,2,2.2

{(2) Leak test per 4.2,2.4

(3) Vistual examination for effects of seat and on other parts
(without disassembling)

4,2.2,7.2 Requin.;g_ments

(2) Torque per 4,2.2.2,2
(b) Leakage per 4.2.2.4,2

ANQ293-4 CAP

AN8D6-Z PLUG AT
SHAFT SEAL PORT

~ AN 929-29 CAP
> .

s
: _/VIBRATION
)Zi/ | | X FINTURE
AR AN P{—

AN

" DOLFFE5-0~ 2233—/ Y, \_TooL#Ees-0-22332
- 1-3 DA DET-2

= OWN) 1S '
| E=F AXISWOT SHOWN)/ FIGURE 7

FINLINE WITH SHIET AXS —

ﬁ PHS PSS 8 70
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4,2,2,8 LIFE TEST

4,2.2,8,1

Procedure - Cycle the OME valve open and closed at the

rate of 1 to 2 cycles per second. Cycle life of 6, 000 dry cycles and 4, 000 wet

cycles shall be performed for a total of 10, 0¢) =sycles,
be used, Install the valve as shown in Figure 5,
filter is to examine for particles which may indicate wear in the valve,

Two duty cycles shall

The object of the downstream

This filter

shall be examined after each cycle period, For the first cycle, performance (c), (d)

and {e) after (2) and before (b).

following operation in sequence:

{a)
{b)
(c}
(4)
(e)

Cycle 300 times dry with no pressure,
Cycle 200 times with water at 250 psig per Fig. 5.
Torque tests per 4,2,2,2
Valve  outlet filter operation
Leak test per 4, 2, 2. 4,

The first four cycle periods shall consist of the

‘ I there is no change in {c), (d) and (e),above for the 3rd
and 4th cycle periods, increase (2) from 300 cycles to 600 cycles and (b) from
200 cycles to 400 cycles per cycle period, Continue at the 600 and 400 cycle’
level until there are significant changes in the torque per para {c) above qr in

the filter contamination per para (d) above and {e).

4,2,2.8,2

. 4.,2,2.2.2 and leakage shall comply to 4.2,2.4, 2,

AN9Z253-4 CAP

Record finds in Data Sheet,

Requirements - Torque changes shall comply to

AN8OG PLUG 0-500 P>
FLOW LIMITING PRESSURE
ORIFICE A s GAGE 2%
i rf PORI ACCURACY
FLOW .
| '
| 1D S5 SUPPLY
| LFLTER FILTER PRESSURE
TDDL¢F65-D—2233‘/‘ \ \—TDDL#FBS-'C)“ZZB.‘B‘
jET_B ' Af DET-2
ACTUATOR
FIGURE 8

CYCLE LIFE
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b, & HARDWARE EVALUATION

Disassemble the valves or compunents as required to
. L R -
analyze for wear, bending, Wirping and for any olger visusi-damage.

£
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P
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OME DEVELOPMENT TEST DATA SHEET

L]

PAR'.T."NO. 5739001 . VALVE NO, __ - DATE,

TEST REQUIREMENTS - ACGTUAL

TECH,

" 22.1] Proof

Praof No visual distortion damage, leakage,
Pressure "or shaft-visor freedom of motion,
Valve Opsn :

Pressure
Valve
Closed

¢

"Test Comments:

FHS P35 8.70
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OME VALVE DEVELOPMENT TEST DATA SHEET 1
"B/N 5739001 SN TEST DATE : G

TEST COMMENTS: v

P
1 ARA TEST TEST REQUIREMENTS TEST DATA TECH, |
Torque Hysteresis Curve #1 _
Measurement) . i 1‘
Depressurized ‘ ~ ad
Hysteresis Curve #2 £
i
‘ Hysteresis Curve #3 )
: oty By 2, 2 ; %
Hysteresis Curve #1 -
| .
! Torque
! Measurement| . : : ~;
} Pressurized ’ |
% to 290 psig Hysteresis Curve #2 . S
£ Hysteresis Curve #3 o
- .
L : i
Y
:
i = £t
i i
i 21
- .
{ . =
3 R
i v i e
i . T
' . b 5
-7 L
i :
M ) i ‘
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PART NO, 5739001

| SYSTEMS DIVISION NO
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DVT5739001

OME DEVELOFMENT TEST DATA SHEET

VALVE NO,

DATE,

v e MG PAGE :‘1‘,
‘I Rev T
LTR NG —i .
DATE | 2=8~74 !

TEST

REQUIREMENTS

ACTUAL

TECH,

onsdoad
b

N TN

2. 2.3

External
leakage,
body only
Fig, 3A

300 = 10 psig 1 x 10~¢ scc

of helium per second, max., sce/sec
5 paig 1lx 10~% sce of
khelium per second, max, scc/sec

External
lezkage,
Shaft sec,
#1

300 % 10 psig of GNgz
10 scc/hr, max,

sce/hr

5 peig of GNa

Pig. 3B 10 scc/hr. max. . scc/hr
External 300 = 10 psig of GN2
leakage, 10 scc/hr, max. scc/hr
shaft sec -
#2 . 5 psig of GN2
Fig. 3C 10 sce/hr, max, scc/hr
Test Comments
PHS P35 8.70
e = - T




* SYSTEMS DIVISION
PARKER {{] HANNIFIN

L 4

PART NO, 5739001

NO.

DVT5739001

gy .. MG

PAGE A5

REV
LTH

NC

DATE

2n8-74

OME DEVELOPMENT TEST DATA SHEET

VALVE NQ,

DATE,

PARA TEST REQUIREMENTS AGTUAL TECH,
4 2,2,4 ; Internal 265 % 5 psig inlet pressure
Laakage leakage shall sce/hr
be 10 sce/hr, maximum
¢ 5 psig inlet pressure
leshage shall be 10 scc/hz,
maxisyous sce/hr
~—-PHS P36 870

et el 0 MR 3




i * SYSTEMS DIVISION vo...DVT5739001 sv— MC _ page A6
, PARKER [ nanNiFIN i | NC '
}J DATE | 28~ 74
I - OME DEVELOPMENT TEST DATA SHEET
PART NO, 5739001 VALVE NO, - DATE,
‘PARA | TEST REQUIREMENTS ACTUAL TECH,
('r\
1
(R3]
-_ FLOW-AP Theve shall be & AP = 5 | Taat #1
~ Single psid when 72 gpm of water
- _| Valve flow through the valve per | APs paid
Figure 54,
. Test #2
o AP= psid
o Test #3
l:.m 5 AP= psid
FLOW-AP .
Series There shallbe a AP = 5 | Test #1
¢ tValves psid when 72 gpm of wates : '
o . flow through the valves per|AP=___  psid
‘} _ Figure 5B,
S . Test #2
i 1 AP= psid
"_“— Test #3
i [ aps psid
1
m PHS P36 870
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PARKER [J HANNIFIN -5 | NC B
DATE | 2~8-T74
:  OME VALVE DEVELOPMENT TEST DATA SHEET
P/N 5739001 SN TEST DATE
TEST COMMENTS:
T 8RA TES;T TEST REQUIREMENTS TEST DATA TECH.
1,2.2.6 | Temp. 265 = 5 pst~ inlet pressure,
. | Iaternal Leakage shall be 10 scc/hr. maximum scc/hr
Leakage Shait Torque TBD* in-lb N
40°
5 psig inlet pressure, .
Leakage shall be 10 sce/hr. maximum scc/hr
Shaft Torque TBD¥ in-lb
265 = 5 psig inlet pressure,’
Leakage shall be 10 scc/hr. maximum _
Shaft Torque TBD* in-lb scc/hr
Temp, .
- Internal
'Leakage
200°F 5 psig inlet pressure, :
Leakage shall be 10 sce/hr. maximum __scc/hr
Shaft Torque TBD* in~1lb

% To be determined at Test Series 18u-100.

FHS P36 870
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PART NO. 5739001

DVT5739001

gy MC

PAGE

.

LTR

DATE | 2~8=74

OME DEVELOPMENT TEST DATA SHEET

VALVE NO,

DATE,

TEST

REQUIREMENTS

ACTUAL

TECH,

Vibration
X Axis
axis for

. axis for five (5) minutes

Vibration
Y Axis

| Vibration
A .A}Cis

Vibrate each of the three
(3} mutually perpendicular

per the following levels ;
20 to 286 Hz ,02592/Hz

286 to 700 Hz 6db/oct, rise
700 to 2000Hz , 15g2/Hz

There shall be no signifi-
cant change in torque
requirement nor in seal
leakage

in~1b torque dry -

inelb torque 250psig

scec/hr at 5 psig

scc/hr at 275 psig

in~1b torque dry

in-1b torque 250 psig

_scc/hr at 5 psig

scc/hr at 275 peig

- - Fs

—

in~-1b torque dry
in-1b torque 250 psig
scc/br at 5 psig

scc/hr at 275 psig

Test Comments
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DVT5739001 C Aa
SSYSTEMS DIVISION wo._ DVT3739 av—MC___pace A9
PARKER [ HANNIFIN -} RV NG
DATE | 2-8~T74
. .OME DEVELOPMENT TEST DATA SHEET ~
: Ay . .
PART NO, 5739001 VALVE NO, . DATE, ol
PLRA TEST REQUIREMENTS ' ACTUAL TECH,
Cyele Life / | 300 dry cycles ) dry cycles
200 wet cycles at 250 psig : ' b
. torque per 4,2.2,2 wet cycles . : i R
" in-1b torque dry ' 1
C?‘cle No. 1 .Leakage per 4,2,2.4 in-1b torque at .
250 psig —_
scc/hr at 5 psig =
'scc/hr at 275 psig 1
Cycle Life . ‘ dry cycles ’
|Cycle No, 2- ' wet cycles’ }
4.2.2. 8 ’ s in-1b torque dry | J
in-Ib torque at 71 ’
250 psig i
i
scc/hr at 5 psig <
sce/hr at 275 psig
Cycle Ne, 3 dry cycles
. wet cytles - 1
) in-1b torque dry, =
: C in-1b torque at . J
. . : : [ - 250 psig - : -
* . scé/hr at 5 psig T
e - T . sec/hr at 275 psig '
_ : : ' — : : Hl
Test Comments ‘ : < e : : [

P
[P,

H5 P36 B-70
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PART NO, 5739001

DVT573900]

ay_ MG

PAGE

NC

DATE

JREV
: I LTR

2=8a74

JOME DEVELOPMENT TEST DATA SHEET

YALVE NO,

DATE,

A~10

TEST

REQUIREMENTS

ACTUAL

TECH,

Cycle No, 4

369 'Dr}r Gycies
200 Wet Cycles at 250 psig

- dry cycles

sce/hy at 5 psig

Torque per 4,2,2.2 wet cycles
Leakage per 4,2,2.4 . ' .
. o T “in-1b torque dry .
in~1b torque at
i 250 psig
scc/hr at 5 psig
B scc/hr at 275 psig
Cycle Life dry cycles’ dry cycles .
Cycle No, 57 T o .
. wet cycles __ wet cycles
. in-lb torgue dry
in~1h tdrq_ue at
- 250 psi
' secc/hr at 5 psig
scc/hr at 275 psig
Cycle No, 6 dey cycles dry cycl;;s
o wet cycigs wet cycles &
' B in~1b torque dry
LT _ __in-]b térque at
RS 250"pst

sce/hr at 275 psig
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DATE | 2=8-74
OME DEVELOPMENT TEST DATA SHEET
PART NO, 5739001 VALVE NO, DATE,
PARA TEST REQUIREMENTS ACTUAL TEGH,
dry cycles dry cycles
wet cycles wet cycles
Cyele No. iﬁ-lb torgue drfr
in-Ib torque at
250 psig
scc/hr at 5 psig
scc/hr at 275 psig
) dry cycles dry cycles
4,2.2,8
. Cycle No, wet cycles wet cycles
in-1b torque dry
in~lb torque at
250 psig
scc/hr at 5 psig
gscel/hr at 275 psig
dry cy:cles
) wet cycles
Cyele No, dry cycles in-lb-torque dry
wet cycles in~Ib torque at 250 psig
scc/hr at 5 psig
‘sce/hr at 275 psig

T it Comments

PHS B35 870
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ay PAGE
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DATE 2" 8"?4

N

APPENDIX B
COMPONENT TESTS

It
[

—_ 180-100 Seat Tests, Swaged
‘ 180~110 Seat Tests, Floating, Helical Spring

e . 180-120 Seat Tests, Floating, Belleville Spring _ ‘i
D "~ 180-200 Torque Test .

: PHS P36 8-70
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1.0 SCOFPE

This development test procedure details the design
verification testing to be performed on the Actuator Assembly for the Orbiting
Maneuvering Engine (OME) Propellant Valve, Parker-Hannifin PN5739006.
This plan covers Task VII under Phase Il of Parker-Hannifin's Program Plan,
1PMP5750018, .

2.0 APPLICABLE DOGCUMENTS

The Parker-Hannifin documents listed below form a
part of this document to the extent specified. :

- .QCPM610 uallhra.tmn Records and Gontsdls
- QTPM620 Calibration of Test Equipment
- 5739006 ?ratotypé Assembly, Actuator and Valves

. TBMP5730018 Program Plan, OMS Engine Propellant Valve
e, Technology Program

3.0 | ~ GENERAL REQUIREMENTS

3.1 ‘ Environmental - Unless otherwise specified all testing
ekall be conducted within the following environmental conditions:

‘I‘emlﬁerature: T0*F £ 5° F
- Relative Humidity: 90 Percent or less

Barometric Pressure: Local Atmosphere

3.2 Tolerances ~ Unless otherwise specified, the following
tolerances apply to the application of test requirements.

Weight: - 2 1 percent
Temperémre: *5* F
‘Electrical: % 1 percent ES,
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3.3 Test Facilities - All tests shall be conducted at the
Parker, Irvine, facility, Should the necessity arise for additional test
facilities, these facilities shall be approved by Parker Project engin:c ring
personnel, All testing shall be under the supervision of Parker Project
engineering personnel. ‘

3.4 Failure Reporting - Failure is defined as the inability
of the actuator assembly or component to meet specified performance require-
ments of this procedure. In the event of a failure or out-of-tolerance condition,
it skall be the responsibility of Parker test engineering to notify Froject En-
gineering. The test setup, equipment and test specimen shall be examined
in order to provide the basis for subsequent failure verification and assurance
that an actual failure has occurred.

3.5 Test Equipment - Test equipment shown in test Figures
{(or equivalent) shall be used, ILest equipment shall be capable of producing,
maintaining and indicating the specified test conditions. Applicable instru-
ments shall be subjected to periodic calibration in accordance with QCPM610
and QCPM620 and shall bear a current calibration decal at time of implemen=-
tation.

3.6 Test Sequence - The sequence of testing is optional,
except Negator Spring Response and Inmertia Absorbing Spring Operation shall
be the last tests conducted.

3.7 Photographs =~ Photographs of good resolution shall be
made of each valve test setup for inclusion in the test report.

3.8 Test Results Data - Complete test results data.shall he
recorded for each test using standard laboratory data shest paper or equivalent,
Where appropriate, test results data shall be recorded as exact observed values.

3.9 Disposition of Data -~ At the conclusion of testing, the
original data sheets shall be retained by Parker project engineering.

3.10 Test Report - A final test report shall be prepared by
engineering, The report shall be complete within itself, The test report shall
include, as a minimmum, the following information:
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Introduction, purpose, summary and conclusion.
'Deta.iled. report of each test.

E::a;t test methods and results.

Detail schematic and/or photograph of each test setup
with a list of all test equiprnent and instrumentation

used, the manufacturer's model number and accuracy.
The serial numbers of equipment which are critical for

. repeating tests and/or calibration shall also be logged,

Data sheets recording all raw data as actual values.
Traceability to test equipment, operi.gars and witnesses,
Liocation and time of test performance.

Detailed i:arts list containing part nurﬁber, drawing
revision letter and lot number for each part in the

test article.

Deviations and/or Variations - Any deviations and/or

variations from the procedures specified herein shall require approval of

Parker project engineering prior to testing,
after its approval may be initiated in the form of an amendment, change ‘order

or revision to the procedure.

3.12

Disposition of Test Specimen - Test specimens shall be

placed in bonded stores at Parker-Hannifin for system testing which shall

foliow.

Any changes to this procedure

Y
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4.1

DATE |4 .17-74

9-24-74

TEST PROCEDURE

PLANETARY GEAR TRAIN OPERATION

The purpose of this test is to determine gear train efficiency and

reduction ratio.

4.1.1 Reduction Ratio - The gear train assembly is to be held

against a flat surface (workbench), cycle counters may be

attached to the input and output shafts,

(Refer to Figure 1.)

Rotate the gear train input shaft by hand, using a serrated

shaft and count input turns required for one complete output

turn. Repeat test 2 minimum of three times.

Cycle Counters (Optional)

==

|

/_

I )

Test-
Specimen

| Vivm———"y

3/16, 809 SAE
Serrated Shaft
{Rotate by hand)

Figure 1

Bl

Gear Train Input Shaft

Output
Shait

Requirements: The reduction ratio between input shaft and

output shaft shall be 77:1,

Feel smoothness of gears during rotation; note any rough

spots on data sheets,

P ey P T

oW
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4.1.2 Efficiency - Instail output shaft hub as shown and hold the

gear train assembly against a flat surface. (Refer to Figure 2)

it
SEECIAENS

FG5-0-7353

T 2

Figure 2

PULEY D4

WieeE Dr4 —wirea—

WEIGHTS

 PLATEN

Place a weight of approximately 10 pounds at the platen shown

and lift it by rotating the input shaft with a torque wrench.

Record input shaft torque, weight at output shaft platen, pulley

diameter, wire diameter, etc.

,,,,,
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Z
WHEDZ : D= JAILLEY PrA
d= wits D

—

Vo /v 7- PJ;'- 7.8 ..?..L‘:.“..‘
To e WEIEHTS 7 A TEN XL

EEE(CiEey /s FEn:

/,{ UTEUT TOELIE

T INAT Joraue X BED/ETIons pATIO

Requirements: The gear train efficiency must be 0.73 minimum.

e
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RVDT TESTING

| R |

4.2
Jnit Type | Input
T haevite | 10 vac
LA 400 Hez
| Pickering { 6 vac
23501 400 Hz

PHS P36 8.70

OPANGE

Input
(see Table)

PIC K1-11
Hub,
or Equiv

DVT5739006 oy SIP oace T
ow NG A
DATE 1 6/17/ 74| 9-24-T4
PIC M4-3
PIC: M1-16 . — Dial Index
Dial, or Equiv. or Equiv

RN

’,

\
\ GrEEN
I

verr

YELLOW n_

ELACK

WremweG  D/AGELAN

Figure 3

With the RVDT held within soft (rubber) jaws in a vise, or

equivalent, attach the disc dial shown above.

shown in Figure 3 and rotate shaft to null position.

Wire the unit as

o O

Rotate the shaft 360° and measure and record output (E) versus
Rotate the shaft 360° in the reverse

direction; measure and record output {(E) versus angle in

angle in 2° incremenis.

2-degree increments.

Repeat tests three times; record all data.

Rpomr oy

o

[ -

[ I




0

frmwsd [

s @

SYSTEMS DIVISION
PARKER [ HaNMImN

1

NO.

R

DVT5739006

ay_ SIP

FAGE

[REV
LTH

NC A

“DATE

6-‘-17-74 9-24-74

Plot voltage output curve with respect to shafi position.

Requirements:

Pickering
Model 23501

Requirements:

Schaevitz
Model R3304

PHS P3G 870

RELATIVE AMPLITUDE

I

!

oLl r

-

ot e o b e . sy e e S ok S

§ vours out ’
#WHARR ANGLE §)

LINEAR REGICM

A
b

&

£

¥

oy

Figure 4

AHSLE OF SHAFT RATATION

YOLTS QUT. d""ﬁﬂ!f! PHALE
¥ trrASE ANGLE & +18C

Q gl‘&cru Kt
%EGP.EE

o ' +180°
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DVT5739006 SIP

OATE |6-17-7419-24-74

MOTOR OPERATION VERIFICATION

NOTE: If instrumentation and test equipment type and layout
allow it; some of the following tests may be combined,provided

the data obtained is equivalent to that required here.

4.3.1 dc Resistaﬁ;::e Test of Primary Winding ~ Measure and

record d¢ resistance between terminals. Eiffective motor
resistance is to be taken as the average of the results obtained
from the three possible paired combinations of the three
terminals,

Liocked Rotor Torgue Tests

Attach an arm to the motor output shaft and set up torque
measuring apparatus as shown in Figure 5, Connect the motor
to the Parker-Hannifin engineering~supplied e]:ectronic control
and operate to determine locked rotor torque at the various
input conditions shown in Data Sheet 1. Perform tests

on both motor configurations. Record results,

Power to inverter between 22 and 32 vdc {see note beléw*)
Frequencies of 50, 75, 100 and 150 Hz for 01 rnm‘:or and fre-
guénéies of 150, 175, 200 and 350 for 02 motor. Record data
on data sheet 1.

*Continue increasing Ey;, de until limit of electronic package is reached

or until either the torque value reaches a peak point or the motor

current drawn shows sizes of saturation.

PHS P3G 8.70
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SPECIMEN 4.5
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PHS P36 B-70

4.3.3 Shaft Speed Versus Frequency at No-lecad Condition - SEt up .

the motor assembly in a test bench approximately az shown ian
Figure 6 and run the motor with power obtzined from Parker-
¥avnifin engineering-supplied electronic control., This test

gatup may be combined with the setup for speed versus torque

{dyno) test.
Test Specimen: Two electric motors 5739122 SN -01 and -C2.
Run the motor with power to electronic control between 22 and

36 vde. Hold frequencies at 50, 75, 150 and 202 Hz for SN -01
motor and at 150, 175, 200 and 350 Hz for SN -02 motor.

Record test data on data sheet 2.

g

¥/
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4,3.4 Speed Versus Torque at Variable Load (Dyno Test)

Set up the motor assembly for dynamometer testing approximately as o
shown in Figure 6. The dynamometer should be calibrated against a

set of known weights prior to each series of tests, Run the motor with |

pewer obtained from Parker-Hannifin engineering-supplied electronic

control. Conduct tests with both SN -01 and -02 motors. . "f
! Power to inverter between 22 and 32 vdc (see note belqw*). Frequencies -1
] of 50, 75, 100 and 150 Hz for -01 motor and frequencies of 150, 175, o
200 and 350 for -02 motor. Record data on Data Sheet 3. -
s, ']
o
2 - AD;PS AMPs Ac
|
k 7z _ !
ELECT.
it pye CONTEDL Tl Y Dywas 2L, ‘
Yy . - N
L -~ ——t—_p - I ] H
i =7 H i g Counter ;
} R =FEcrmEN’ o ¢ =
- ' 7o s7s - = ) ! .
i o) 2
| : 1

] -

Figure 6

cn

R

| = o . iy 1 . . o
% ~Continue increasing Ej,, dc until limit of electronic package is reached

or the motor current drawn shows sizes of saturation. e
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4.4 Brake Operation

o)

With the motor held on a test bench, install test tool as shown in Figure 7.

Energize the motor brake coil with 22 vdc through 31 vdc and place

I

oo

| =7
| S/

|

"

[.::

(-3

Ewied  foiid

PHS P36 8-70

smmall laboratory weights {or equivalent) in platen until the motor shaft

rotates (approximately equivalent to 8-0z/in. torque).

FES-0~23438
17En 2

HEIGHTS

- FLATEN

Figure 7

Record voltage, ampere draw and equivalent torque.

Requirements: The brake shall hold 8~oz-in. at 28 vdc with a

power consumption of 5 watts maximum.

a

I
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4.5 NEGATOR SPRING OPERATION

STORAGE DrEuwd

i7EM 2 FLLLEY

BLALE
L TALE - /P DEe/st
M27DE ASSEMBLY

Figure 8

TORRIE AT MODL  SHAET 15
I = ( 172 + E() (Wgzéws + P@?’é‘d)

TN Ao Y S

wileS
e o DrA

WESHT

FLAT=EN
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4.5,1 Torque - Set up motor assembly, negator spring and drums

as slz;.myn in FPigure Figure®8,

With all of the blade in the storage drum (approximately 2 coils at
take-vp drum, valve closed position) and the motor not energized,
measure the effective torque at the motor shaft by means of calibrated
weights at the test pulley., Record pulley diameter, wire diameter,

weights and calculated torque,

Rotate the motor shaft by hand, 34 turns winding the negator spring
blade into the takeup drum. Measure the effective torque at the
motor shaft by means of calibrated weights at the test pulley,

Record pulley diameter, wire diameter, weights and calculated terque.
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4.5.2 Response
Y M
el FE5-0-2342

PH$ P36 8.7C

rorae ASSY

Figure 9

\- BEAR JEAM ASSY

\ 7REE P D
BARE

FEST FIKICE

LiNE

Prepare test setup as shown in Figure 9. This test is to be conducted

with a partially completed actuator assembly assembled per Draw-

ing No. 5739006, (Note: Itis required that the motor stops at the

end of the stroke or the return spring ends may be damaged.)

Actuate the motor between open and closed position and observe

the negator spring blade.

Requirements: The motion should be smooth; the blade should not

jump the spool sides.
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4.,5.3 Return Action - With the actuator in the valve open position,

remove electrical power and observe.

Requirements: The negator spring must return the actuator to

valve closed position within 250 ms.

4.6 INERTIA ABSORBING SPRING OPERATION

Use actuator assembly per Drawing No. 5739006,except modify with test
fixture F65-0-2342 special test tool to provide a shock absorbing action
in the valve opening direction (required for tests conducted without

a functional valve and corresponding linkage). Valves not required,
Actuate motor in the closing mccie and observe for overtravel.
Repeat test actuating with the negator spring only.

'Reco:d both results.

Reqguirements: The spring shall be able to absorb the inexrtiz

from the motor assembly rotor and other rotating parts

within 6° to 10° of motion past closed position,

4.7 MOTOR REVOLUTIONS VS GEAR.TRALN SHAFT
QUTPUT ROTATION

Uge Actuator Assembly per Drawing No. 5739006 meodified
per Paragraph 4.6 above. Attach a magnetic or optical target
o the motor assembly shaft and to the gear train assembly

PHS P36 370
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output shaft., Assemble a special test pulley at the gear train
assembly output shaft to create artificial torques between
30 and 80 Lbs-in by means of weights. {Note: a pony brake

or equivalent laboratory equipment is also acceptacle.}

Actnate motor under load and measure motor output shaft and

gear box ocutput shaft revolutions in 2 one-minute run., Record.

Requirements: The ratio shall be 77:1.
Record actual to:-ques.used.
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