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I. INTRODUCTION

This is the final report on the Aeroje; Liquid Rocket Company's work
under NASA Contfact No. NAS 8-28247 for the design, fabrication, testing and
delivery of a prototype self-locking actuator.

The original design concept for a self-locking actuator was conceived
by ALRC in 19691.. During 1970 the concept was reduced to practice in the
form of a working model which was designed, fabricated and tested as part
of a company-sponsored developmént program.

In 1971 NASA expressed an interest in the concépt and requested a proposal
on an actuator capable of producing an axial force of 44.5 kN. A nine month
-program, later exteﬁded to twelve months, for production of a 44.5 kN (10,000 1bf)
actuator was awarded to ALRC in February of 1972.

II. SUMMARY

Work was initiated on the Self-Locking Actuator program in February 1972
with the objective of designing, fabricating, testing and delivering an actuator
to NASA, MSFC by the latter part of October, 1972. The design phase was completed
in early May on schedule and within budget.

During the fabrication phase an unavoidable delay was incurred due to a
longer delivery time for the ball screw and nut assembly than was anticipated
in the original proposal. This delay slipped the original ALRC delivery date
from October to 19 January 1973. The budget remgined unchanged.

Assembly of the actuator was initiated in December. At that time a
problem-was unco?efed which became apparent after receipt of the ball screw, i.e.,

the ball screw seal design would cause the ball return races to be subjected

1 Patent Application in process - AGC Docket No. 1617
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to full pressure differential, this could have caused buckling and jamming
of the nut. To eliminate this problem the piston, retainer and ball screw
nut were reworked to allow installation of the seal on the oppoéite end of
the béil screw nut. To compensate for the cost impact of the rework, the
scope of the testing program was redefined.

On January 11, 1973 the test program was initiated. The actuator passed
the initial proof test successfully, however, when the no-load rate test was
attempted, the actuator would not extend from the fully contracted position.
After several attempts the test was discontinued. Investigative, failure
analysis type festing was beyond the scope of the testing planned and would
have involved costs beyond the funding available. At this point NASA, MSFC
‘'was informed of the test results and ; disposition requested.

If further testing is considered the following potential problem
areas should be investigated: excessive servo valve leakage; excessive actuator
piston leakage; a combination of low servo valve flow and high piston leakage
and/or binding or high friction within the actuator.

IIT. DESIGN

The design effort on the self-locking actuator was initiated in the
latter part of February 1972, In March aﬁ ALRC Design Review Board, chaired
by Mr. K. R. Collins, reviewed and approved the conceptual design layout and gave
the go ahead on preparation of detail drawings. On May 10, 1972 ALRC presented
the design to NASA, MSFC for review and received approval to proceed with the
fabrication phase of the'program.

In June 1972, as a result of meetings with the fabrication subcontractor,
changes were proposed to the design and approval for said changes verbally

received from NASA on 16 June 1972.



During assembly of the actuator in December a problem with the ball
screw seal location was discovered. If the seal had been installed as
originally designed high pressure acting across the ball screw ball return race
would have distorted the races and jammed the balls., By moving the seal to
the other‘end of the ball screw nut the pressure was equalized across the ball
return race aqd the problem eliminated. This change was incorporated and is
shown on the "A" change to 1162200.

The final actuator design configuration is shown in Figure 1 and is
described below:

A, DESCRIPTiON OF ACTUATOR OPERATION.

The actuator's prime mover is a 132.59 mm (5.220 inch)
0.D. ﬁiston (attached to the nut of a ball screw) which moves axially along
the ball screﬁ. Normally actuation fluid is pressurized equally on-both sides
of the piston by aﬁ underlapped servo valve through ports integral to the
. actuator. When motion is required, the servo valve is actuated to vent
one side of the piston while retaining full pressure on the other side. The
resultant pressure differentiai creates a force in the direction of the reduced
pressure. This force moves the piston - ball screw nut assembly axially along
the cyiindrical actuétor housing. As the piston-nut assembly moves it forces
the ball écrew to rotate. The ball screw is restréined,from moving axially by
a set of roller thrust bearings at the left end of the actuator and the piston
is keyed £o the housing to prevent rotation.

As the ball screw rotateg it turns the power screw nut attached
to the left end of the ball screw. This nut drives the power screw in or out

thus changing the actuator length.
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To recap the motions of the moving parts (in relation to the
stationary actuator housing): the piston moves axially, the ball screw rotates,
the power screw nut rotates and the bower screw moves axially,

When the desired actuator length has been reached the servo
valve is returned to its null position and pfessure is equalized across the
piston. This eliminates the force acting on the piston and friction between
the power screw nut and the power screw creates a braking action that stops
the actuator.l This same friction automatically locks the actuator and prevents
changes in the actuator length due to extefnally applied forces. The actuator
will remain in the locked position until a differential pressure is again applied
across the piston. | |

B. COMPONENT DESIGN

1. Potentiometer

By utilizing a clevis and rod-end design for attaching
the stationary end of the actuator it was possible to mount the customer suppliéd
potentiometer iqterngl to the actuator. This clevis has the same spacing and
bolt hoie size as the clevises currently used by NASA in their actuator test
bed at MSFC.

To reduce the length of the actuator (and thereby the
material and machining costs) the end of the potentiometer shaft was modified
by cutting the shaft off behind the existing shoulder. The modified potentiometer
shaft is clamped to aﬁ extension rod by ﬁeans of a commercial product clémp
which is drawn down onto a slotted‘cylindrical section of the potentiometer
extension shaft. The extension shaft extends through the power screw and is
held by a set screw in the end of the power screw. This arrangement allows

for null adjustment of the potentiometer after the actuator has been assembled.
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2. Servo Valve Mounting

All porting to and from the servo valve has been integrated
into the stationary end of the actuator. The supply and return ports consist
of intersecting drilled holes and utilize standard AN fittings for attachment
of fﬁe supply and return lines. The supply and return liné sizes were selected
to match the ports in the servo valve.

The two cylinder ports were fabricated as follows:
Two 19.05 mm (.75Iinch) wide grooves were machined along one side of the square
stock billet. Then 25.4 mm (1.0 inch) wide grooves were machined along'the
tops of the two smaller grooves to produce a 3.175 mm (.125 inch) wide ledge
all around the top of the 19.05 mm (.75 inch) groove at a distance of
6.35 mm (.25 inch) from the bottom of the 19.05 mm (.175 inch) groove. Two holes,
one in each groove, were drilled to-a depth sufficient to insure intersection
with the bore which was machined later. Strips, approximately 3.175 mm (.125 inch)
thick by 25.4 mm (1.0 inch) wide and long enough to overlap the ends of the
grooves, were fitted into the 25.4 mm (1.0 inch) grooves and welded to the
billet along all four edges. The bore and outer diameter of the actuator
housing were then machined. The servo valve mounting area was milled to provide
alsmooth mounting surface and holes matching the cylinder ports on the servo
valve, were drilled through the strips.

3. Piston-Ball Screw Assembly

The size and design of the piston was dictated by the
ball screw and nut assembly. Since cost was a major factor, selection of a
ball screw configuration was limited to those commercially available. The
ball screw selected for this application has a 63.5 mm (2.5 inch) outer diameter,
a 53.57 mm (2.109 inch) thread root diameter, é 19.05 mm (.75 inch) thread lead
and a static load capacity of 320.445 kN (72,040 1bf).

-6-



The ball screw thread is sealed by a "teflon" (FEP) seal,
encapsulated between the end of the ball nut and the piston, which has a single
thread (one pitch long) fabricated to mate closely with the semi~circular
thread of the ball screw. |

The actuator piston is threaded ongo the end of the
ball screw nut retainer and lockwired to the nut. The piston seal is a
standard O-ring with a "teflon" slipper seal installed over its 0.D.

The ball screw nut retainer has a circular outer
diameter except for two rectangular slots cut along the axis at points 180°
apért. "These slots fit over keys attached to the inner diameter of the cylinder
and prevent rotation of the piston. The ball screw nut is keyed to the retainer
in é similar faéhion. The fiston and seal retainer were fabricated from leaded
bronze to reduce fricﬁional drag and prevent galling of the sliding surfaces.

4, Thrust Bearings

Two high capacify comﬁercial product roller thrust bearings
‘are provided to counteract -the axial thrust created by the externally applied
loads and pressure loading the piston. The thrust loads during extension are
transmitted to the bearings by the power screw nut through the hardened race
betweén the nut and the bearing. During contraction the thrust loads are
-transmitted to the bearings by the retainer attached to the ball screw nut.
The bearings, in turn transmit the axial thrust loads to the end of.the
stationary cylinder by means of the end—cap; All surfaces contacting the
bearings are case hardened to a Rockwell hardness of Rc 58 min. to reduce

wear and fretting.



5. Power Screw and Nut

The ratio between the ball screw lead and the power screw
lead affects several important parameters in the design of the actuator, i.e.,
efficiency, length (and cqst), output force, cycle life and shaft speed. Since
"the ball screw lead was fixed by what is commercially available the selection
of the power screw lead resulted from the best compromise between these various
parameters. The most efficient actuator results when the ball screw lead
to power scfew lead ratio (hereafter called the lead ratio) is high, i.e.,
a small power screw lead. This however results in a longer piston stroke which
in turn increases the actuator length. The longer piston stroke results in a
larger volume of fluid to be supplied per unit time which in turn, slows the
shaft speed for a given servo valve cépacity. A smaller powér shaft lead also
'réquires the nut to.rotate faster for a given shaft speed. This faster rotation
adversely affects the life of the thrust bearings. The actuator output force
also increaées as the power screw lead is reduced because of the increased |
mechanical advantage. Since the piston size is dictated by the size of the ball
screw and cannot be reduced this would result in an extremely high output force.

A smaller lead ratio (longer power screw lead), on the
other hand, decreases the piston stroke, increases the shaft speed for a
given servo valve capacity, lowers the thrust bearing speeds and results in
a shorter actuator length. The adverse effects of a smaller lead ratio are:
lower actuator efficiency, larger piston diameter (i.e., actuator 0.D.
increases), higher Acme thread bearing stress, higher axial thrust loads and
higher torque reaction forces. In addition, the length of the power screw lead

is also restricted by the coefficient of friction between the screw and nut

-8-



materials with respect to the self-locking aspect of the actuator. This will be
discussed in more detail in the next section.

The choice of the.power screw lead reéults in a
compromise between the parameters discussed above. The power screw dimensions
selected for the actuator are: 19.05 mm (.75 inch) lead, 6.35 mm (.25 inch)
pitch and 38.1 mm (1.50 inch) pitch diameter. This resulted in a lead ratio
of 1.0 which was considered to be as close to optimum as practical.

6. Self-Locking Feature

Self-locking is controlled by the dimensions of the
power screw thread and the coefficient of friction between the power nut and
screw. As long as the tangent of the lead angle is less than the coefficient
of friction thg screw will be self-locking. Materials selected for the nut and
screw are leaded commercial bronze and 17-4 PH alloy steel respectively.

This combination has a reported2 dry static friction coefficient of 0.22.
The actuation fluid has been purposely sealed off from the Acme threads to
prevent the lubricity properties of the fluids affecting the frictional
characteristics of the tﬁread;

Cc. DESIGN ANALYSIS

The design analysis completed as part of the program is included

as Appendix A. Table‘I lists the design re@uirements set forth in the work
statement. As shown in the design analysis and Figure 1 all design requirements
have been met. The theoretical results éf the analysis are listed in Table I
where applicable. All calculations were done in the. English unit system then

converted into SI units.

2 Howell, G.W., Weathers, T.M. (editors): Aerospace Fluid Component Designer's
Handbook, -TRW Systems Group, RPL-TDR-64-25, Revision C, Vol. II, Table 12.7,
p 12.7-2

-9-



DESIGN REQUIREMENT

'Length

Stroke

Operating pressure

Supply
Return

Proof pressure

Burst pressure

No-load
velocity

Stall force

Operating fluid

TABLE 1

VALUE SPECIFIED
IN WORK STATEMENT

English

40.00 in

+ 3.82 in.

3,000 psig
50 psig

4,500 psig

6,000 psig

10.0 in/sec
Max.

10,000 1bf

Hydraulic oil
per MIL-Q-5606
or pneumatic
fluid

-10-

SI

1.016 mm

+ 97 mm

20.68 MN/m°
.34 MN/m?

31.03 MN/m2

41,37 MN/m2

254 mm/sec
Max.

44,48 kN

CALCULATED OR

SPECIFIED
English S1
40.00 in. 1.016 m
+ 3.82 in. + 97 mm
. ., 2
3,000 psig  20.68 MN/m
50 psig .34 MN/m?

.= .29

S.F
@ 4500 psig

31.03 MN/m2

6,000 psig 41.37 MN/m2

3.8 in/sec

9600 to
11,250 1bf

Hydraulic
oil per
MIL-H-5606

96.5 mm/sec

42.70 to
50.04 kN



Iv. FABRICATION

Fabrication of the components was performed by a subcontractor, the
Associated Machine Company of Santa Clara, California to working drawipgs
prepared and re;eased by ALRC.

A. FABRICATION OF COMPONENT PARTS

Significant varjiations to the original design concept that
-were originated during fabrication included:

1. Fabrication of the outer sleeve as a three part (sleeve
and'two T-bars) assembly. This change was made to accommodate the vendors
tooling in making the keyways in the sleeve.

2. Changing the keying arrangement between the cylinder bofe
and the ball screw nut retainer. This also was to accommodate vendor tooling
and machinery available.

3. - The ball screw thread seal was supposed to be molded
onto the ball screw, however, due to delivery problems thg seal was machined.

4, The retainer to ball screw nut interface was modified
to accommodate the actual ball screw nut configuration which was not known
until delivery of the ball screw-nut assembly to The Associated Machine Company.

Due primarily to an unavoidable delay in the delivery of the
ball screw and nut assembly to Associated Machine by the Saginaw Steering Gear
Division of Gene;al Motors a two and a half month slip occurred changing

the original delivery date of 25 October 1972 to 19 January 1973.

B. ASSEMBLY

Assembly of the actuator was started during December 1972 and
éompléted in early January 1973. Assembly was per the assembly procedures given

in Appendix B and all components used in the assembly are listed on the basic

=11~



parts list given in Appendix C. Figure 2 shows the main component parts prior
to assembly and Figure 3 is the fully assembled actuator.

It was discovered during final assembly that the ball screw
seal can, when the actuator is fully extended, protrude past the end of the ball
screw thread. This results in the semi-circular thread part of the seal engaging
the ball screw for approximately one-half of a thread rather than for a full
thread as designed. This could be eliminated by reworking the ball screw
nut retainer, the piston and inserting a shim.between the seal and the piston.
At the time this condition was discovered the assembly was considered too far
along to make the change. The problem that arises from this reduction iﬁ seal
thread engagement is that the seal leakage at the fully extended actuator position
could increase to the point where the actuator would not retract. To overcome
this problem it is proposed that the extension be limited to +3.32 (measured
from the null position).

V. TESTING

Testing of ‘the actuator was conducted at Wyle Labs in El Segundo,
California. Wyle's report is included as Appendix D. To ascertain that the
actuator would meet the design requirements, three tests were specified, i.e.,
a proof test, a no load rate test and a leakage test. The proof test consisted
of pressurizing the actuator on both sides of the piston simultaneously to
‘31.03 MN/m2 (4500 psig). There was no sign of distortim or external leakage
during the two minutes thaﬁ the pressure was applied.

Problemé arose, however, during the no-load rate test. When 12 mA was
applied to the servo valve with an inlet pressure of 20.68 MN/m2 (3000 psig)
the actuator did not movevfrom the fully contfacted position (Note: This was

not due to the problem discussed in Section IV.B). Several attempts were made

-12-~
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to determine why the actuator would not move but because of the test set-up and
the absence of test ports it was not possible to isolate the problem. It was
determined, however, that the leakage out of the return port was much larger than
anticipated. It was so great, in fact, that the measurement method of leakage
volume per unit time selected could not be used,

ﬁue to the lack of test ports it could not be determined where the
leakage was occurring, i.e., through the ball screw seal, the piston seal
and/or the servo valve. The test was attempted several times in both
directions and discontinued when the budgeted test time was expended. NASA,
MSFC was notified of the condition on 12 January 1973 and final disposition
requested.

VI. CONCLUSIONS AND RECOMMENDATIONS

Due to the limited testing budgeted as part of this program no
definitive conclusions can be reached as to the reason the Self-Locking Actuator
failed to actuate. Theoretically there is sufficient force available to
overcome a 44.5 kN (10,000 1bf) load. Testing appears to show otherwise.

The reasons for this discrepancy can only be speculated upon at this time.
The following recommendations include ways of isolating the cause(s) for
non-movement and on changes to facilitate testing:

1. Replace servo valve with a test block with porting difectly
to the cylinder ports.

| 2. Measure flow into and out of the actuator, If actuator is not
moving the resultant flow will be leakage through the ball screw seal and/or
the piston seal.

3. If the leakage is due to the ball screw seal then a separate

seal development program is recommended.
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4, If leakage is minimal (say 10% to 207% of total flow capability)
then testing should be conducted at the sub-assembly level to verify
theoretical values for ball screw torque output, friction, key reaction
forces.

5. Testing would be facilitated if the following changes were
made:

a. Move the ball screw seal approximately:l.27 mm (.50 inch)
to the right of its preéent location by reworking the ball screw nut retainer and
the piston and by inserting a shim between the seal and the piston. This
change will eliminate the possibility of additional leakage at the end of the
extension stroke. (It may be necessary to also install a static seal betwegn
the shim and piston and between the shim and the ball screw seal).

b. Add test ports to the housing so that cylinder préssures
can be monitored during testing.

c. Modify the end of the ball screw next to the potentiometer
to allow for attachment of a torque wrench (with the potentiometer removed)

to measure torque required to move the shaft with and without pressure loading.
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APPENDIX A

SELF-LOCKING ACTUATOR
DESIGN ANALYSIS
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. ol - v A _
Tée// - (7;,8>f,¢;5 - (72.5)53”,” - (TBr7>55.uu4 - @e’b/ﬂﬂs 2 Teevew ‘l“@rakch(rs-eal)c +T,;v.
& (p,- %)(A 4,) e
/- o lf e
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tz13,6

w\r\e»ve :
?f(P r'>5 ) S k"(P,_-B).

(ra-w>3)f{<ﬁ'_'_‘_:i___9°_£z - %’r&—fh> Jeaa) + ki (s, + 24 )1,«,,, .,,,3]

LIS

Tsevew ‘*'6-3(335“ + (TSPBIBC “’T;vicl - Fs-lve/usrg ‘;awa

3 d

<P P) T—SCVew + (7_819 )Szd + (TS_CDI )c + T-W/‘CJ - F\;IVC/IB'a Fs,a

2”3 ) = ~

— . (A.’A'ﬁ)/eﬂel _ :2/4,.[, FB - ) ) A .% -

. { = (: '?MjL it [(A. A+ sli?,MA‘ Py

Simce Ic; -} ’V.A—"fjvla"’) 0-[ (PZ-P3> we musi‘ use 2 ‘)lv}a/ anJ
exrroy J—u))oe Solu'l"ia'h £ an exact solubon s re&«::ed.
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Shatt Speed - Hydyonle 0i/ (cond)

T he #/o«w vode eﬁmajﬂ‘ow—. éy quze sevvo valye

(pev Bill Swevds, dly 4-$-72) is

9 70 \1- & () e

IMZ!

LuA_ere

Q= \)o/uMG‘LQ'C ﬁ/uw rade ,/H%ec.

AP = /DressHve J#evul.a/ acvos's )o;slun ) ,osi.;/

?5; 5:4///2 pressuve

I - )—\'ow/' Bamperes

T,z 12 MA by o/e[‘-q.'L‘m—)

Iﬁ, 7£DV M astina SLa’[j— '5,0e.€c[ ,oukaSCS) we 325544“48‘ %l*l

I:I—mhx 70 e , /'-[ v e i?ma"re. /fne /osses, e 7£/au raJe 'S

Q= 70 \j /'-Z’i};_@j

!

Bmd chadit s'oeeci X in

,in ihches/sec s

)"<= <Q’QL.);>‘(«X .
ZA;'As):-‘

Worst case . 's wi.bh »o /éa,(!:a9c Cé;e.) -,_=o)
v <8 _ . _9Q ]

=

’ t
in:‘ = 3.80% \/ /‘QEI'—-P_&) l%ec
2ud 4’{16 M XA 0 }oossZUe Sl\af“' SPCFJ 3'8OQ:“‘A¢C,

-]
X
X 96.75 pm /sec

non

/S
ov

: _— = ,0S544 ‘"
A-As 'E‘(S.zw"—l.:o'ﬂ 18.377 q Hec
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I’) /e'/ ,é-',“'e — — - — =
i Sevvo Valve '
! (k=3720) .
/Ne. 7 : : J ‘ '
€ L : T Ky (bend)
/% ) ) - L,:],/// KS (C x,a?«S""*')
// K
K, (fi4hing) : LS +
' s (be'“cn (beqcn
/ !
Ki= gz = Tqv = &3S
K, = I.1
K3 = / /
Key= 1.6
Kg: /.0
gk, . =1049s

A-ssqme Sklo :Z,KLZ ://.

Th ew. dhe AP de e cLo line losses m/:, ;s,"

AF = Eg_ldl‘ - (1.0)(030) vE
3 % 2 (356:4)

AP, = .00044 V'
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Shatd S,oeec/ -M?Jyam/.'.c o:./ (C(J'h-/)

@4)2: 3, 8/ ','-r)/'svec_ ' ,

O XA-= (5.81 2. )( /8.3772%) % 70 .02 ia¥ec

ve 9 . Zo.0%itfec . 70.02iKec | 534,14 infiec
AL (394 S 19S a

. . .
% A?L: .00044<58’61/4-) = /§S/.2 #/-—)-L % S% o-[\' F: (: 3000,’5;)
Dao /Ajjumflfﬁ'ﬂ 0. K.



DATE 21 APR 72

1ACTr427086,1+25 J.E,DEVER X5-2666 ) PAGE 13 ) .
SONE
B1 = JU47740000E401» N
.. Be . = J47740000E+01r___ . . . e : . o
83 = .21090000E+01 B
By = 137100008+ 0 Y - /22
__ComMPYL__.=__  .15100000£+02,
ComMP2 = L,15100000E+02)
COMP3 = «13500060E+02
_ComP4 _ =__ __.15000000£+02 ~ o
D1 ‘= . 52270000E401»
D2 = W 32270000E401
S o & S = w2uLuzUUGYRH0L, _
D4 = LML 3SN00E+0L, /TS e
DA = JLEHNL05T 0,
e UBKRG = 5UJUUOCOE=D2 .
YA 5 POULRONOE0DY
HETA = LAuSU0U00EH+O2
 RHKG .. ..= _ ___421730000E+01.
£2 = »OUUOUOQQOE+00,
C SEND
e . BTWO e e e
PITCHA = «75006000E+00
PITCHU = +75000000E400
CRKEY = . 411000000E+01, . e
SEND
e <<<<¢<_EXTENSION = AGAINST LOAD S>>>>>
Er)BEISA Dr) 7D
DELTA P STaLL LOAD BRG LOAD TBALL TFRCT TBRG TSCREW SHAFT SPD
e PSID . POUNDS_______ .  POUNDS ___ IN-LB IN-LB IN-LB IN-LB IN/SEC
50UL.U000 1531.6718 6993.1055 T814.,0570 320,8279 76+1899 414,3942 3.8771
100v.0000 3308.2708 13770.7515 1630.9279 500,0134 150.0323 979.1%95 3.1100
e 1500.0000 __ 5084.8697 ___ 20548.3977 _2447,7988 . 679,1988  223.8748_ 1543.4247 2.6934
200U.0000  7067.6235  27138.6450 3266,4608 T796,7893 295.6755 2173.1667 2,1991
2500.,00900 9144,0840 33643.7109 4085,9369 885,3820 36645482 2832.6708 1.5550
e 3000,0000 11275.7686_____ 40097.6685 4905,9015 959,1761 __B43s.8041 3510.0323 +0000
Sr JA)IT’.» )
N/SGeM NEWTONS NewTONS N-M N=M N-M N-M M/SEC
.. 3847376.5525 6813 2155 31106.8823 91,9761 36,2487 8.6083 4648768 - 0883
6894757,1250°  14715.9214 612554353% T184,2701 56,4939 16.9514 '110.6302 .0790 -
10342135.6250 22618.6270 91403.6252 276,.5641 76,7392 2542945 174.3836 .0684
e 15789514,2500 31438,35590__ 120718.,7051 369,0605 90,0251 33,4068 245,5349 . 0559
17230892,7500 Y0674.9111 149054,6797 461.6489 100,1477 41.4140 320.0488 .0395
20p34271,2500 50161.5649 178353.3125 554,2924 108,3724 49,3590 396.5804 .0000
e <<<<CK _CONTRACTION = AGAINST LOAD >2>>>> .
DELTA P STALL LOAD BRG LOAD TBALL TERCT TBRG TSCREW SHAFT SPD .
L PSID e pouuos . POUNDS _ _  IN-LB _ In-LB __ _IN-LB IN-LB _IN/SEC
500,0000 ~100.1282 8624.9055 81u4,0570 320.8279 7 93,9683 TTTH14.99427 oaFyTTTTTITT
1000.,0000 1676.,4708 15492.5515% 1630.,9279 500,0134 1678108 979,1595 3.1100 <
— 150U.00QN __ 3u53.0697__  22180.1978 _  2447,79838 __ _ 679,1988 241.6532 1543.4247 2.6934 %
200U, uoud T 5435,8235  28770.L445B "3266.,4608 796.76893 7 T T313.4540 TT2173.1667 T T 2,399y T T T T T
250u,00y0 7912.2041 35275.5112 4085,9369 886,3820 38443267 2832.6708 1,5550 : ~
J0UU.LULYL 9644.9686 41729.4683  490%,9015 _.959.1761 _454.6425 3510.0323 ) «0000 B b‘
te/ 500 NEATONS NEWTUNS N=t4 N-=M N—M N=M M/SEC



1ACT»427086+1,25 J.E,DEVER X5-2666

34473 %625_
6894797,1250
10342135,6250
__13789514,2500__
17236892,7500
20684271,2500

42902.9570

334163037 156913.2891

185621.9199

461,6489  100.1477 - 43.4231°

554,2924

108,3724

_=4y5.3924 _ __ 38365.4902__ 91,9761 1_3592“87“_*¢
7457.3135 68513+9609 184,2701 56,4939
15350.0190 9866244336 276.5641 76,7392
24179,7471 12797743125 369,0605 90,0251

189601
2743032
35.4155

51.3677

DATE 21 APR 72 PAGE 14
_10.6170_

46,8768 08
110.56302 079 -
17443836 . 0684
245,5349 .0559
320,0u88 L0395
396.5804 .0000

DN

0l
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Ac-v{—ualov Parameiars
Vs, _
7 d cbe‘fﬂp:ci&m‘l(‘ ar F;.‘C\ln'w . 72000
300 - AP= 3000 psid = 20.6% MN/w*
AA = II 3751‘H¢A¢’ = 340q2$ Mn
.VT= 17505,'&[“33 2 (9,05 mm 700—
b - L 6000
2s04
] ' | ‘ . & 00—
s 4 % . . " - $060
4 | W
‘200— ‘ . ’ ' ' N :
. ! .
1% 4 - | / 4000
1o
4 X "
z, % | ' “\@_:ﬂ : Foo X
So— ~Q ' Cme § - <
N Cre - S
- o w T.Oy-zbt @ Ap- 3000,%, 4 -
1 3 - 36069
o [
£
B S 30 8
Y] S | ¢
- : | Q
ﬁ/w < - N
ké . 200
3
_ 3 .
S0 P £
| 4 -— :{9 —h K /000
. W'H no{ Sel;~LOCk-*P /00 —
i Self- Lock §_ 4
0 - T v T ']1 T 14 ¥ 0
o 40 120 +»30 40 + S0 .60

eoegfc"‘-—l+ 0[ ﬁ-’c‘:%
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+/00. ,
: :3‘? —2— Mo load 643# S/aeeJ% 3.309—,;.‘./5“.
S . _ 4 I
a5 da=137Sis = 34.925mm
0 3.6 lesd=.750i. = 13.0S mm
-3.s
60- S =28
. I=Im;‘= fZ MA
-3 ;
17 S ;
[2+4+3.0 Q A |
So Q)
.70 @@
<.
: i j0+2.5 °fe
Féo & |
|
Q |
< ""‘SO ?""210 ‘
Q » ' |
~J 2 |
i 3~: v |
304 w3 N\
o\ 2
~ § o415
~ bY Q
N q W |
v Q< & ' x
20 1o N ~ \\
v,
2 41lo lé X2
N \?)
4 4V
"ZO( 4 )
z N
w W
/0 - :
2+ 0.8
- /o
1
O (o) v |- T Y T - T j
o s00 1000 1S00 2000 2soo 3000 lbt/
T T T T T .r T T —T T . {
o) 2 ¢ A 8 /0 /2 12 /6 /8 20 MN/m |

PRESSURE DIFFERENTIAL ACPOSS PI/STON |
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k)/)&vei

A,: Pston ares (o.o.)

A?_ = Bal éme.w seal ares (mezw c/:a) |

E\' = Acme screcw Ob//ou/ ’4‘/53 Cax"a/)
626 = Thrusl/ ée.aq‘n'na /oad (ax;a/)
k&,: Friedional lovee due Lo *bvj-_e reacdonm »evce

o ke, between aylindes Bud ball Screw nuf retainer
v"ﬁs = Axis/ Lichional Lovee crealed £7 /o}s/-m-. seal
F, = Pressure 'a’o)o/iec/ qLu “exdesmsion” side ap /o,'sr/-w-m
P3 = Pressure e)opl.'eJ fo "cowdvacdiom” side ofp,'slvm

P, = Vevfical reacdon Arce @ adcmwe mat 4o <'_¢7/,'»;</e,y
/'V)/-Grface- :

/ez: l/@y»(/ca/ reaclf&n -@«ce @ /O.SJ‘U'\A'lo c‘7/,'»dgy ,'-,,(a,y/ace,

Py: Verlical reacdion ch_e @ b3/ screw éeafi'ua Yo
end cap inter{ace,

7-av3~e YCJ«)ICJ o ,oraduce aw/lpu'/ Lovee A

= 7’5r2ue regu:"cc’ fo durn bsl Screw

=-7'5r5ue rezuive:f Lo ovevcome Hpusd éew:na o‘zaa,
E T'ava'me rﬁﬁu;VQJ do overcome -é»;c«{-.‘oua/ -zw“v J.e oo _

reaschow ce E,

{sl = /:?f¢-/~»‘a—wa/ lﬂvg-ue CLe’ ~/o acme nut seal (0.0.)
433'5 Fr:cl{mz/ -/-wre Jue s‘u 68// Screw -ﬁwea/ .Sea/,
tso ® Friclions! Jdorgue due do bofl screw do ewd (3/6

seel (near vedial Leawiua).
Weeve, = Werjlﬂ ol bs)l scvew
Waut = We:?ﬁl mp acwme nu/

7; =
7;ALL
Tars
Tp
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BY CHK. BY DATE

J.€.D.

Bsll Screw Key (gl/ex $%x 110 %7;’3“,34,-/) - zge‘bu{

T = Taves +TEr3 = B3S/0in-lb + 487 in-fb = 3947 /n-lb (s W")

bs7

O The shear stress fov e /<¢-7 is: _ )
- Teenf2 _ w;n-lé /2. T 2738 .t Cres key
“ wld (.3128m)( 1. 1ia)(2:12 S 1m) - !
s 1388 MR | M.5. = _éé‘%zf_”'—”-/_g&’
Burd %e ée'z_sr;ng, S»Lres.s /S ¢ n
TG s ” ool o 5127 4/t (TS

' | M5 = g—fﬁl)-g—g-l:v.gg-

T, = ©2.93 MALy

Bsll Scvew +» Acwe #Jut Screw Thread

Screw ' ' . )
- S.227%- 1.621*
v o ZF = 2 (2000) (%) (s.227%- 1.621 = 16, 700%™
' 7d. § ™(z.0z){110)
= 115.79 MN/m> M5, =
Pt ! | | : ‘
o —2F _ 2 (s812%) = 15, 850> Besring Bromye :
7wdy A 7 (2.125)(1.10) C Py 321 ASMmE AwptE
| : M, = 22002 .45,
t= 109.28 MU/ /S,es0 =

. . 4 '
4pF . 2(.083)(58,.18%) | |, 4w

Cr v e~ e .

' O; 27;‘»](4:'_4;‘\ ) e ( 2287 - z.ou?)
: 13, ooo
T '-_.-—— b I O’
QL = §9. 360 H%” M.s 12,960 l= . 003
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J.E. Dever

B2/ Screw :

72'r5~¢ = 4500ia-Ib Assamed thal ball screw musd be ¢

w."MS'/amJ;nﬁ #o'l‘a/ -Fnrgue M#Pu")

T, - 55,000 e 01 020 Bt

X(r1.996% - 1.606°) - 2 (125 25%)
Q. = 420.72 mu/u™

*
2 (4900)(.918) ().6) 4/ 2
Gy T (.,458% - ,330%) = 9,626 Y |

L= 66.37 M/
Cormbined Shress:

t - 020 1
q, * (T__,; ¥ \’2’ +<0=;$) = _.__._.._..'6/'-1 O+\Peze"+@%€‘.’) = 62, S00 ¥/

0= 430.92 MN/w?

.(yl-. G_;i ) \[E‘*"J(%)l

Tsz - 10.22 MA/fa?

Zon st wmie (B)

- 1,483%.7

1]

312,000 ¥in*

- 2
Trae = 220.63 M4/ <. oxT
M.Ss, = 75—,_1__0_0_2_/_:
6z, 500
'fa()lvv kf

2.2

——
——

¥ Feligae shess 2pneudvo A’:n,’ per .0 Ju u/’n‘o‘//, “Enagin eeving
(’a’wsl'o/a«a,l.’a—ns of Sﬁess, Shrain sud S/vemyﬁ: P Zsve, Toble 18.2.

H
»

aps“e o(‘

e TeTriee g w e

T e
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‘ \ WORK ORDER
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J.Devers

Ba/l Screw ut -70- Seal fe/alné-v /6447
' i

Max nrzue = 4900 M’/é

> L) & -ar 5‘ves$

U 7 ) 4900 /n-lb
ke *  dar L (3.29¢) (.25) (4.00)
ZAwa c‘.‘a
Tiy = 1260 Bfo> |
v | M. =
z;ﬁ = 8.6 MN/m®

be‘a»v,'—.? 5’7533.‘
‘ q = i l . - 4 (4‘]003
a dht (3.394) (L215)(4.00) .

J,* S8so Y

T, = 40.33 MN/m*

4//017 stee/ k=7

.6 x 30,000

1260

-/ = Excessive

e -

ST et e T TR L T BT 2T RS T T4 LD s

- AT———
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‘ Retainer Plate |

I“

o= 2.60 [ I

:

$
b= .00 Jb' % Lz‘
o

L=2.17
cl: 1.3Fr2S
t=/100

The L-rmu/as i Loovk's " Faymlas Lov Sheess wad Sheain “ are
a}a/a/fcal/e dor /a/ale with £ € Yo . Use Case 15 T3ble /0, howeser
a/p)orox;mzle ﬂe s/-re.ss wi!vhia the V&*:;’név //alef
W = 4soo(”/¢)(s,2271- ‘2.(091)=(4$oo)(l7.7as> i
' |

W= g0, 840 #
Case /S, Table 10

s 2W [a@lee)y o g -
M QTrmt‘[ wt- b LZ Flm ')a,\—_bx |

QW(B..ﬁ?)( )001\ 2.6° - ,401 13128 2.6%- |, 01

= -3(80,240) {Z (2e)(433) g 21 {—(2.33\(2.I71-"31.ZS’\)\XT

= -/1,89) [/0./@31@. LSy + 1.203]: “11,591 (6.316)

Swa= 73 210’7 2 (AJ.(c @ P:eooo*ﬁ&) '
Moy~ i } N |
Suex ° 50:}.76,44/\//“1. Sma = 97, 600 /o

8«&/ ‘b‘)e 6.’m‘P/€ 64¢av J-LYe.s.s (@ Lo// c/ame-kf) ,'.s;

> - N _ %0,84¢0" _ 80,840
(WDDL-'Uhdbu)é [T)’(Z.bzs)—fs(.ssﬂ/.o 4.007

T= 20,1764~ = 139./10MN/
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\J: E nD, 4

T'brv:nra'/'on Thrust Bew;n,

P/M WTH-S689 ~ 2 Pe
5

Max inivm S-/aj.'c /o?J ' (Pfefackec( w.nl—/(n %«easc)

Wp =(Proo! Press) x (4, - A2) P/N TRJ-S684 Race ~ ZReq'd

=(4500 ¥2)(17.96-*) = 80,860 Ibf = 359,64 kN

ﬂru&‘l' Bew.‘ma:

STadic ca}oael'ly of W7TN-S624d Beav,'—,a = ?7;'0”#= 387.44 N

3387.9¢
M., = 359.0¢ l= 077

Dﬁn B iC L oa:[u'z

If we a Sunve ‘/A¢ Wa-r.sr/ cg—s-,J.La—». /Le , A1 X/ nacenn 5‘3#
S,oeed ‘an .s-/a// /o‘ac/ «f‘he’/m %e exloeclecf écar -'a /fe waq/a/

be !
) BDcC
LF = load ¥ SF x HF
whev e
LF = /-fe -[a.:
ébc - bes‘c cfyna»mic C‘a)o'ac.\lj See ﬂrvimﬂjrw Ca'la/o7
SF= Speed Lacly £ TN
(Speed@ 10 iv/sec = /?-O’Drpm)
NF = A;wd»ess L2ctor (B S'o)
éo‘gd’: max, .S-f-:// /oaa, (@//:.lb)
| EF= 3s/00 = ,59

12,750% Z2.93x /.59

#aw #fve, 8-/0 /.'fc vs. 'C,F.' 7.«-«:,:»4 (aa/. NﬂJ) we 7@/

B-ol:fe = 2% hys
whreb is eﬁ«:uulemi I

&8 hes ¥ 3o,aos:$. X '&"2 x lad.cyele = 2.07x10° oyeles
l$.3‘p~\
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WORK ORDER

/936-0/-/00

BY CHK. BY

J E:D.

DATE

Aeme Screw 2 Mut

77)-reaa/s per imch = 4

i

p:'*/-z.‘) =.Z$O»'w.
Lead =, 750 =

Mo, of Hhreads = Tr.',n/e'

Heig bt of +hreed = 1250 on
.7-0'/3/ Ne.‘7é¥ 4/ +hread = o/SSO““"
nreeJ %/’céness (Bz::-’c)-: A280 oo

D,‘m E4v,8:0m»3

(C/lass z6)

F—Ea-‘-\—we

Screw (&)

Nt (u.)

Major Diamele, D,| 1.5000/1.4875
P:teh Dia., Dm /. 3652//. 3429
Minor Dismeder, D; | /.2300//./96S

1.54¢00/ /. 5200

/.37s0//.3973
12625/ 1. 2500

' w;J% of F'/a/
Crest _ ,0927
Root } Besic L0875
Back/ash esaa |
B = (/1.3973-1.8429)Ta(14.5°) =.014 [ =.358 mm
. 1009 8¢ ) :
Brin = (/.3750- 1.3652) Tan/hs® = 00285 i« .063Smm
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WORK ORDER
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Acme Screw & Nut (cowd)

Bearing Stress

.Sb"' Fa (@ sdaclic cmc/.,;.e,)'@ stall loaJB
I(p;-D) N

Wkwe

F-A = ACJ'\»\B’LOV Siall Loacl
N No. Or ‘-Hrweaas e hut 2 12

. | .
S, = /Z2ogo = 1764 Y
b _g:(l.n?s‘-/.zazs)('ﬂ 13 0
- ——.l—?—o_ -
Sp= 12.16 MN/m* Ms= Shoe -t ed

Shear Siress
4, = 7D, [ S+ 75 Low M5 D., - D;-_)]

= 77’( l.2625) [._S + 4@2«. /%S)( ). 3429 - /.zazsﬂ

= 2.3/3/nt

.. 43,000
M.S.= sza'o',' -Z_.—_B-

- /12,000
2.3/3

T= 35.77 MIN /n?
e- Load Sur[:ce .SjpeeJ of 5/{::/.'*'9 Sur-/éce:

e —— i —

5182 B/~

3.8z

715, _ 382 _ _..15__

— - - &8
\l(m:.h):,ns" ] $.c84

o). (339(¢-384)
o /75

22.33 .uches = ,507 m

[ 4

A = 22.33:n x 5.800nfcc - 22.3 gy = M5 imin =.566mshea
- 3.82 0
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350 A 141
300d 127
250~ 10 -
N ]
g .
N
& 1
£ 2004 L B
[o'.aa/ vs speeds aawespma/:-.a o
y sste besyia ressuves per
Q | Maleev, ViL, 3ud J.8. Harbmen :
9 "Machine Des: " 3d ed 38¢
Y 7504 @ © 1 ™o P
W N Todernational Textboox Qo., Scrauten
‘0;) |.g Pa. 1454
K
% 1004 ¥ 7
k .
V) ]
so-| 1
0 +— 6] v T
(o] 2 4 8 10 12
/é,[y x10°2 .
T T T T | S T T | T A
0 / 2 3 4 S

ACTUATDR Ourpur FOoRcE  Newlons x 10~F
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AGCS-0800-11 PaGE 21 oF
SUBJECT DATE
3/28/72

WORK ORDER

/1936 -0!/-/00

BY CHK. BY DATE

\IiE'Da
Acime Muf
B,C'av.'hﬁ;
‘ , #
P- v{, = 4w 6l ¢ 229,56 %"

dx/ - (s.227)(.40)

V= w(s.227)in  drev . 10in = 220i4 - 109S A
_ Yev , 7S sec Sec '

Pv-= (ZQISG’%«)‘)( /048 Ll’/m'.n) = 32,368 ',ﬁ—;-g @ Scioinfec

n e

= Iz, 950 uo e @ S =4:fsec

'h"" Hin

(3000 %) (W)(5:229- 2.109%) | s3,895*

. 1>

= ' #lr
0: = /10,4 ¢0 /» . | Ms. 18009 . .,
To= 72.12 MN,/m* /0,460 =

1.

22(4-040-?\( 75) | 14,000 S32 8/,

7 (1,95% ) o0*) t6.32
T= 3.7 MN/m*

qc 1 ,
SR *’\} (@) = 10,40t |
Smex = 72.33 MA/m* s e e I3
_ 10,490 -

0 \? 4/, 1
Tz 27 (3) 5 5,200%
mex 2 M, = 43 o000 -/ =

Pmse * 36.27 MM/m®
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' AGCS5-0800-11
SUBJECT Y
3/28/72
WORK ORDER
/936 -01-100
= CHK. EY DATE
Jb E’ D'

Sleeve Beav, ngs 5.

7D ————

g
on

vW:4'OD‘

)

2769 =




REPORT NO.

AGCS-0800-11 nce 23 o
SUBJECT o
4/4¢/72
WORK ORDER
1936-01-100
BY CHK. BY DATE
J.€.D
+>E,‘M& = 12.17Fp -2304FR, =0
O Fo = SOAFR, 1.90Fz,
HEMe, = 27.69F - /16.92F -16ISW =

o (2769 1.90F,,) - /6.92Fp, ¢ 16.75 (400)

" 16,75 (400)

_ #
26D (1.9)- 169z - /8%

FB|= )1, 30 F‘B'g,: ':90(/38)5356“

+?&'F‘a= R, -3SL+188 =0
. [}

s Ry= ssco-lszz.—_-/@g#

+fa F:at’Ez*SS(a— /182 - 400 =0

o Py 588 - 3Sk= 2322

aAeLL.’
P+By= 18 +232 2 400%

Beoving ! ( FLueotty -b )
o _ 3506 - e
P= G‘b T (7.0)(78) 68.0 ¥
V= /0:n oo * ©O3cc l__ﬁ‘ - .50-)[//,;;”

min /12~
L 8. 44
PV = (.é 8»0%‘ )( so "4/“"") = 3400 laeming,

WEAR _ PV, Qeles = 3400 x 10t= /0048, =
/0, 000¢y < 7S x10"

( =I360’,:LE£'

1L pam

!
e S-: 4 ~"'/4ch
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AGCS-0800-11 _ PAGE ?_4 OF
SUBJECT DATE
4-7/-72
o WORK ORDER
, /936 -01-/00
BY CHK. BY DATE
4.0,

Bol/l#s - 57‘3/:'rharj’_EnJ Ce’p ( SO0 -20UNF- SA)

Pressure Joad
@ Proof  F, = (4500 “) s.2e7t-rezr?) I

87, 275* = 388N

Fp
(Boon #/>)(5.227% - 1621 F + /2, 000 %

F,= S8 189 +/2,000 = 70, /947 = 3/2 _hN

Tvry MS2(293- 27
F; = F—P_ve‘o‘aJ 2 F_w
Us.rg o 85,000 rMin yield m;lw.‘a/_u/ $-722 CLubviconf

M | /58' = 80,838 % 70,380* (nrﬁnet 630:38;»-/5.>
| ) omis, 2 B2:B3S . s

‘ 70, /184
ThHhe s.:..,.,,q/e vlev.s,'a;.. s#ess CLe ~/o Fw fF'p LR .

T, = Lol%% . 54,000 *ar = 372.3MN/w’
L g (./625) ,

& q; - $7,275 . 67,000 finn = 4—(ol.‘7MN/m"

tp 2 (./1625) %< 000
M-S.: 700 1T L
)

The SAear -ﬂLYCSS T MC- ‘/’hre;-a:!:—. e /)o»vs,'ng /s

F,. = (booo %) (%)(s.227 -i1.021%) = /16,100 = 6/6.4 AN

F, /6, 100* ) -y .
£, s _gg_ = S e Ss0* = 64.7 4N /b
_ah  2(i4,s50) #/
Tor Sog " mlears 0T U Shens Sheeoyt v Ot
N : 301 pev MIL-HVDBK-§

1

T,:126.2 MN/m _ Nso,000 .
M.S'_ sttt S hsiSiesty —/ 2 /:7¢
/8'300 P

Camew o

s At ot o —vgee o~ e

e — e s

. e ——— s e e m e
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AGCS-0800-11 PAGE 7S5 ©OF

SUBJECT DATE
4-/1-72
WORK ORDER
/93&-0/-700
BY CHK. BY DATE
J. . D,

Bo/ls - End Copn Thrust _Besriugs ( 37s- Z4UUF’-3A\

PfCSSM re /oac/

@ Proal  F=(tsc0 ) (M) s227% - 1,62 42)ia>

Foz (4So0 ¥.:)(19.395:) = 82, 275% = 366.0hN

@ Woking Fy, = (3000 #/.2)( 19.395.>) +/20v0¢

Fu: 70,185% =312.2 &N
777 M321291-40

Fre * F-Pre'oaJ 2 Fuw '
Veing an 85,000 m:n. 7.‘5/:\( winderial , S-122 [ubvicad 2ud s
-/—py'z—t/v e /o aJ op 2ol + /b /p.v/L' ‘H?C. VZSM/’[-;‘H7 éO/J /0?6/ /S

?w= €9,557 5 ‘ia,-?se* A | (»eef. Peport Noe, 9600‘:M027)

8923___5__7 -/ .28

JSI .: —.-‘
M3 70,/8sS

ﬂe S"fw/w/e 7[&!'5;:7"1' 5#"6’55 O(ue JD F\U £F; /5.

e RS L s onsti  ssn s
82 27§ #I %

T, = SLUZTE . ), 020 ¥t = 420.TMN/ ..

+ } . o

The 5/4ea-r .S»Ln’s: Y, Yhe AQV'S)&;? %;rest iIs ¥
A, = (6000 %) 52212 - 1.621%) = 116,/100" = 5/6.4.hN
.- //a/,/oo = 72,700 %t = 323.4 hN/poy
(7

r . 2h . 2(72,700)

= /3,700 ¥~ = 94,5 MN/m"
ey e (.375)(.9) ’ 7 .

: o
M.s = 2924292 . 2 4s




REPORT NO. ‘
racge 206 or

’ AGCS-0800-11
SUBJECT DATE
. 4-//-72
WORK ORDER

/1936-0/(-/D00

DATE

CHK. BY

BY

J.€.D.

Bolts - Bew‘m7 Ee-/a:mw (.500* ZOOAJFrBA)

?ress«re L.o ac/ 1

@ Proof = (tsov ‘%»)(%)( . 227%- 1,9567)m"

Fo
o =(4 soot/." V12,33 a0)
Fp = 82,485’* = 366.9 Jl-N

@ Wovking Fu= (3000 #/.0)( /2,33 ia*) +12,000%
Fos 66, 790 * = 298.0 N

Trq MS21293- 23

Fg = F-Pre/oaJ Z Fu
Using .an 85,000 mi-. 7;9/::/ M:/u;a/, S-122 lubricond 3ad 3

‘f’wpryc lond of ©G30138i--1b +he resu/!;—.7 bolt Joad /s
F¢ = 80,83s o 90380 % ' (fe,[- Bepori Mo, 7(9003M'027)

80,83S
M.,S. = 64'9‘;0-—/= :,Z_i?

The s;m//e S 5.0 shress due b 4 o s

Lb, 9290 '
To: A - 5),5s00%a> = 35S.1 MN/m?*
W g (./628) ! /' . /

' . 82,485 4/ 2
W‘P’ g§(.1628) ~ ©z,250 /im §s,000 _
MM.5, 2 —Ae—0x -/ = ,36S

62,250 =

"

qi, = 429.2 MN/m?
“The s/)car seresS i~ *M\e /ao-»uev nuvl- ;S

A= (éooo '%‘)(%)( $.227% /9562 /" = 110,000* = 4389. BJeAl
— £ - ﬂ-@g"—o—g = 13,750% = ©1.2 N _
. _UR. Shess pev ASME
T-= 2 lﬁ‘\ = 2 (/3, 750) = /7, So00 yn“ T Medel PIDP“J'{CS Ha.dbook
Tds ¥e 17 (. S00)(. 90) Y3 000
MS = = -l=z /.2
/9,500 ==x=

T= 134.4 MN/W>
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.
AGCsS-0800-11 ) PAGE -Z7

SUBJECT DATE

WORK ORDER

BY CHK. BY DATE

Sevvo Valyve Mooml:;.ea BoH-s (Va-2800F)

‘5/7_ = |210.0% '

— _ 30,000 .
1210,0%

24.8
ooo T= 20‘24 l""'/é

P/T: 32,63

20 _
P= 32‘63&24,]: (;g;z = 717.86% bs.ze/;,oH.

Total Coad: 4(7/7.86¢ 65.26) = 2871.44 % 26/.0¢

_ 206l0 b
Tt = 3032 bs. - /3.9 AN

Potendiommeder Exdérsiom Q/_bm'p Serew (6-3zuwc)

5/-r= ?38/.7

20, 000
. 39000 _ 325 @ u:el
M T 93509 gield

Trsx= 15,000 x.8  _ @4 ..
9287

o’ Use 3-5:. |b
P/r= S¢2

] 37 . J62.L _ 723
e = g""z[S]‘ 271.0 = 1208 N




REPORT NO,

AGCS-0800-11

PAGE 2% oOF

SUBJECT

DATE

WORK ORDER

BY CHK. BY

DATE

Extension (B, - /6 UNF)

S/r'-' 39.7¢4¢
e Thay t 100,099 _ 2516 n-lb
39.7¢
P/T= 12,23
_ 2,000 _ \
T = Y = 9477 )l—s-“o

Use T= 950-10€0 1u-lb  ( 90 - 83 Fi-1b)

p- [98° T (i2.25)= 1781 _ S2t 4y

108 12,968 $7.7
2 P 2 (12,4568 _ 8/ :
7. 2L . 25 CF) o 2,280 %t = 84.32 MN/w

wd 4 7(.15),9%)

Povle«vl{awelcw M'A) Bo /< (4--¢OUUC) :

) = 29,000 _
e Teas s o T
Lo Use7:/1.S - 2.0
P/r < 671 34
'S /01

[ . 797
Tobes Loade d[[2]c D0t = LT7 AN

ey e e
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AGCS-0800-11 PAGE ?,q oF
SUBJECT DATE
WORK ORDER
BY CHK. BY DATE

pis-/a-h 77)r¢ec/ Locﬁina 80/4 (8732 UMC)

5/7_ = 4906.7

s S$=4906,7 T
@ S-=%
T= &9009 . ., s

49067
O Use T= 4 To 6 ia-lb
P/T‘ = 47!(02.

2¢S8.7

S, P= 47.61[2] = /90,8 ? 537 238+ 49 If

Total Load:s 2( 238 +48): 476t 6lbdf= 2.117¢ 4272 AN

Besring Ring Bolts (*/o-szu'OF}‘
~ v

2904 .4

5/7_

30,000 _
P ol —_— . = /0.33
H2x 24904.¢4

u’p Mse 8"/0 ) lé

P/r= 4z.46

<] . 340
P= 42.46 101’ 425/ bolt

/1.512
1,290

AN/

-
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" AGCs-0800-11 PAGE 30 oOf
SUBJECT DATE ’
. 5-158-72
(‘\ WORK ORDER :
/]936-0/-/00
BY J.E, Dever CHK. BY DATE

A.S.Sum CJ Aeam‘qa

area

DDub/C Shesr - Moun-/.'m? 30/!

W

7 Fa ___18,000*
! amr’ 2% (.4375:.)"

Ty = 74.8 MNA

= 10,810 */u*

Beaviha
g - __Fa _ _/3,000"
" (ilgeu)(c? r, ){zt) (19e0) (2 .9378)(2x /S8 )i~

= 25,620 ¥/~

Tpy = 176.6 MN/mt  so,000 .
' M.5. = 25,620 /= .35
Teavr Ou*
= Fa _ /3,000

17,1804%/ 2™

i 2t (Ry-£:) 2 (.58)(1.09- .4375)

b 30,000
: ¢ - SQ000 .,
~ Op = 11%.4 MN/m M.s. 7 g0 Tt 128



AGCs-0800-11

REPORT NO.

PAGE 5 | OF

SUBJECT,

DATE

2/22/72

WORK ORDER

/936-07/-/00

BY

J. €. D,

CHK. BY

DATE

/-1/004.5,’-—,2 (Grn/) |

Ports:

> 5 [

I[ we sel Me L\n.Jchaml.‘c V‘bCL'uS D-D ’H«g Y‘ec_“"a«‘éulw.slol

céeA-

<VE“ )Dia ) (E“ \slo*

%d' _ _bh_
7 d - 'Z(LH.)

ov

d = Lh
Z Z2(bth)
- 2bh
d= b+ h
: "l J:‘_ '3‘7So'ﬂ 8 l” - ,ZSO ) MW
b= _hd (,25)(.375)
2h-d 2(2%)-,378
d h b

.37S .250 ,750

.00 . S00

.37S | .37s

390 .2s0 | . 3%

. 300 ., SS57

. 378 , 4006

eﬁual "-o ’(’f«\c L\\adrwul:c Yac{:us -o-p Yue !n|e4 yow"cllamﬂ—w we

d: Q}SZSOMM
h=z .35 mm
b= 1909w

= ,78S0 .,



. REPORT NO.
AGCS-0800-11 PAGE L  OF

SUBJECT . DATE

WORK ORDER

BY CHK. BY DATE

Hous: =5 (caw/)

B .

é !

| |

— D; o ’

o= 3.00" D;: S.23 "
b: 3.28" D= 7.00" :
- ,625" ;
d- , 875" |

Assume. Pre.SSure s Ca'n?l'a wec( é a ¢7/ na/e.v w! a//‘-» Ben tanCL l
C/Me'/&' of D Dand  Ban ow/ev Jwefar mz’ 2 A Cormbined w, e,
2 ouder shell wit janmes d a‘w.e,le,« D«C 2b 3ud B o-»w/&v a/’ame«é/‘

Or Do-m% ’ |
t- (300 gzs);(a so- 3.28) = (.385 + .220)
t=.608"

EM:<EH'4P"”)= (3.004-2.615 + 3,Sta3.2?>xlz
S

o e et o e

3,099"

f - 608 = .18s o, Use -/’l»-.'c/a U)?// 3»18/75"-5
o, 3.099 '

—v—p——— VT T e ¢
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AGCS-0800-11 PAGE 3% oF

SUBJECT | oaTe

WORK ORDER

BY CHK. BY ] DATE

//o usS/ =g (Cd""/)

Shkesges
S, = (D/z)
'L
(PAT ()
’ -': -t - 10§ = é
D/z R, Y, 2 3'.o‘i'i R 2.7965S
Dy R+ % = 3.099 + 285 = 3.4 oz0”

,rz 4500t ™ = S/ 03 MA//m‘

! |
2 S, = 4so00 (2.7%5) = 9,380%x = 64.67 MN/m*
3,902%- 2,7565> .

D
S, = 54] @500)(3 402"+ 2,7%5%) = 28,288 Yo~
(D%> - D/1) A 3,‘(02 —'2,79651' = /@O3M/\//ml

Sy= P = ¢soofm = 31,03 MNS

/
Do, \* *
Z’Me’(: /r r( //'L} — = 950’0(3.4'01) - I3' 880#/‘11-
(024) - (0:,) 3.408% - 2,79¢5°

Trax = 95.70 MN/m™ | |
M.S, = M -l=

Demec-l-wams '23,zss

R 0 ]

(Dom - ( D/z) (Pes -
= (4soo)(2. m.s)[ 8.40274 2,705 ...3( 27905 " —/)]

(5

29x10° 3,902" - 2. 298" 3.402*-2.79¢5

= .000434 [S.167 - '3(1.084)] = 000434 (¢.242)

A(Di/;) = -,0.0ZI;.',,. = .053 mm
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.
AGCS-0800-11 PAGE 3«4 or
SUBJECT DATE
WORK ORDER
BY CHK. BY DATE.

/‘/ous:c—,? (CW‘I)

Doy = Ao Pols) __Q_/L).l__ 2-)
a(P4): ¥ - [(Dé/,)—("%)"(

= (4s00)( 3.402) [ 2.7965" (lz.o-.s)]

29 x 10 ® 3,402 -2.7965"

= ,00/87.,n. = 004785 mm

Fu = S L. Doy

P,/

(75, ooo)_ L <é-—423>

2,7945

101.3S MN fom*

Hpuz 14,700 psid
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REPORT NO.

PAGE ‘5'(. OF
SUBJECT DATE
/2-)/-7T%

WORK ORDER

.
AGCS-0800-11

BY CHK. BY DATE
J.€.D
Cose /7 :
. d. / 2 N
Lo . 3wl e e, e gt (mr Nl £ @ (1)
wVqumc” 4 £* - + QQ("”")J‘ bl(””'f'/)
s [ . . \q, | y i
. 2 (-3000)1 o 7 21’:/.252) . has (l Q4-)-4(I7.S (3. ‘?4),1 ;:‘2_7._/ 2s)(. 1(3 94)‘
4 {129) 228 (19 6) + 2.0(3,34)
| [2.174 . - . /
- 4. L35 4 —— = #/ ® auver 2dge
!440{ 3.63 %5543 ] 5893 */. (@ ove 2dq )
= 40.63 MN/m™
Cace 8.

W Ph (aeod)(B)(s0-nze) = 10,57%

- . 2 ¢
,L?m%ol_ thg-;ﬂ,_ga_./‘)lﬁ, /b }

(Sr) : 3w | -
R ;77'.,_{"- &L'&(y\-,../).;. b"(* Vn+:’)
/J z:fo

= 2 (/o 570}{ 2 (224(h2st) - 2(125(3.90 & 755

i+ b e A M T et o ey T

39.749

i

(52200 557

= [2.22/.> = 95.15s BN/m*

CSr) sl T SeG 2+ 12.2 = S9/0%/ . 2 0 uier e:/,a

= 40.75 MN/fo*



REPORT NO.

' AGCS-0800-11 pace 37 oF
SUBJECT DATE ]
12-11-72

WORK ORDER .

8Y :J e D ' CHK. BY DATE
Tows lo Shress (7% 6e)
S - F o 3@)")77‘(2‘,62- /,zs’-) +/0, S70
& St - T ey g
A o (2.0F- 2.26%)
Sp =z A2 = }),470 /,’\.
- 5. 19 o>
‘ . . /blak:'f'i)
J‘ , = ————— . < o
Sy = 79.08% MN/M" 5 f, 470 / _:3___2.

Sheny Strens —7hvewds

- . 59,520 |
e L (4.433) (6]

g = 5—1% = 12,2402 = G808 MA wt

Aivime By n 6 £ = 6(89,593) = 20,600%n>

2 O) 4‘0'9

s’
14,540

Gy

/= 42
R



[":?T'r—on—rw?*' T
i I L A
Esdivaaded Weiglf — Samzry
 Acme Meat 1752
2. Beaving & Nk Lefainer L 6.03
3. Thrust Besving + Laces 2.08
4. Eud Cop -Theast Besrings /2. 56
S. Ke:dde.'«.% 4.32
b. Shin .47
7. Pod €nd 46
8. Pod €nd Nut + Exteunsisn .72
9, Acwrme Screw 4,7/
)0, Potewnd: ormedes Exters, om +Cloamp .43
/l. Bell Scvew /5. 68
12. Batl Mut 12,74
13, Sztﬂ.arc Nut £.58
14, Seof Ass? /.50
5. P;Ston 3.03
/6. Covev 77.%6
/7. Seel E;.,a 5.1%8
18. Bzll Beari.g /.03
9. Hous: s 127.27
20. End Cap - Staliom avy 29.s2
331.9%
€sd. we:cjid a'f Pot. + Sevvo Valve = 6.31"



APPENDIX B

SELF-LOCKING ACTUATOR
ASSEMBLY PROCEDURES



SELF-LOCKING ACTUATOR
ASSEMBLY PROCEDURES

REFER DRAWING NO. 1162200

1, . Clean all parts to levels indicated on individual details.

2. Install Retainer@ subassembly on the 0.D. of Ball Screw Assembly

Nut , and install Ball Screw Seal@ on screw of snug against Ball

Screw Nut (omit Shiﬁ ), put Key into the keyway in Ball Screw

Assembly .

3. Screw Piston@ onto the end of Retainer@ (hand tight) against the
Ball Screw Seal@ until slight drag of seal assembly can be felt when

Ball Screw is rotated. 1If the threaded end of Retainer@ bottoms out against -
the end of the Retainer@ , then remove, install Sh]‘m. and reassemble -
otherwise omit Shim and continue. Mark location of lockwire hole on Piston@
and remove. Drill hole in Piston@ as shown on drawing. (Note: Piston will

be lockwired to ball return bracket screw on ball screw nut later on. If there
are no holes in the head of the ball return bracket screw, drill hole through
head large enough for lockwire at this time). Rec.lean Piston@ and reassemble
onto the ball nut subassembly and tighten hand tight (parts should fit snug -

no axial play. - If practical tighten Piston@ until a slight drag due to

the seai assembly@ can be felt Qhen the ball screw is rotated). Lockwire
Piston@ to screw head as shown. Lubricate and install Packing and Cap Seal
onto Piston@. Note: Care should be taken to prevent damage and/or
contamination of this (and all other seals) during subsequent assembly steps.

4, Lubricate and install Packing and .Cap Seal onto Power Screw Nut@.
Lubricate and install Packing@ into the bore on Nut@. Turn the ball screw
of Ball Screw Assembly into Nut@ until it bottoms out. Back-off screw until

key slots align. Install Key@ (2 required) and secure with Safety Wire@



wrapped around the 0.D. of the ball screw in the groove provided. Bend the ends
of the wire (after twisting together) into one of the keyway slots.

5. Lightly lubricate the ID of Housing , the 0D of Retainer@ , the

0D of Nut@ and the ball screw.

6. Press Bearing (make sure that bearing is packed with grease - if not,
add grease) into End Cap@ until flush or .0140 below the surface of End Cap @
Lubricate and instail Packing@ s Packing s Retainer and Retainer .
Note: Be sure retainers location with resoect to packing is as shown on drawing.
7. Rotate the ball screw until the back face (one nearest the ball screw

nut) of Power Screw Nut@ contacts the nearest face of Piston@. Insert the
ball screw and Acme nut assembly into the housing. Install Key Ring @ ,

Race (2 required), Bearing @ (packed with grease) (2 required), End Cap@
and Retainer@. Hold in place with the two Bolts . Measure the depth from
the open end of the Housing to the nearest end of the ball screw nut retainer@ .
Measure the length of the diameter of the End Cap@ that fits within the cylinder.

The difference between these two dimensions minus 7.64 equals the width of

Shim. Remove Retainer@, Bearing Race , Bearing , End Cap@ and
Ring @ .

8. Assemble end cap subassembly into end of Housing , install Bolts

and@ and Washers as shown, torque to indicated values and safety wire

with (33).
9. Lubricate and assemble Packing@ s Packing* and Retainer@ (2 required)
onto Bearing Ring@. Lubricate the bearing surface and slide over the end of

Housing . The end of Bearing Ring@ with the four tapped holes should be

toward the square portion of the housing.

*May be installed anytime prior to Step 12.



10. Install Key Ring @ (with one key in line with the servo valve pad),
Shim (if required) and End Cap@ and secure with 8 each of Bolt@ and

Washer, torque to values shown and safety wire with@ . Install Bearing

(packed with grease) and Race onto Nut @ Measure distance from face

of Race to land (with taped holes) of Nut@. Size Shim@ to give line-to-
line to .00l gap between Retainer@ and Race . Install Shim@ and
Retainer@, secure with 8 each of Bolt and Washer , torque to values
shown and safety wire with @ . ‘

11. Rotate Nﬁt@ by hand to make sﬁre that there is no binding of the ball
screw, Continue rotating Nut@ until Retainer @ bottoms against the End
Cap@.

12. Screw Power Screw into Nut@ until in contact _with. the Bolt Heads
then back off until one of the slots in the Power Screw aligns with a key

on the Key Ring @ . (Mal'ce sure that no lubricant is applied to the Acme thread).
Install Packing@ in the Sleeve@ . After noting the relative position of
the four radial slots (machined into the flange on the end of Power Screw )
with respect to the key wéy on the end of the screw (should be in-line), slide
Sleeve@ over the end of Housing .

13. Slide Bearing Ring@ into the end of Sleeve@ and secure with four
each Screws @ , torque to value shown and safety wire with@ .

14, | Attach Extension@ onto the end of Potentiometer@ by means of Clamp ,
torque to value given and safety wire with@ . The dimension from the mounting
face of the potentiometer to the end of the extension should be 34.40 inches

at the 19.00 dimension shown on 1162201.

15. Lubricate Packing @ and install ontofotentiometer@. 'Install
Potentiometer@ into assembly making sure that electrical connector is pointing
toward the servo valve area. Secure with 4 each Screws@ , torque to values

given. Adjust Potentiometer@ to give a potentiometer plus extension length of



32.70 inches when the actuator is fully contracted. Secure with 2 each
Setscrews @ . |

16. Install Nut@ (2 required) and Clevis ,» adjust to given dimension*
then secure with locking keys (if available) and safety wire with(:> <n:<:>.
17. Install Vent Valve plus Packing , and Union@ plus Packing
(2 places).

_ 18. Install Servo Valve , and four each Packing , orientated as shown
on drawing no. 1162200 (Sleeve@ should not hit Servo Valve when actuator
is fully contracted). Secure with four each of Screws and torque to values

shown.

* If the end of Potentiometer Extension Rod@ extends into the clevis area trim

Rod@ flush with Clevis .



APPENDIX C

SELF-LOCKING ACTUATOR
BASIC PARTS LIST
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DRAWING NO

. ASIC PA RTS LIST SHEET 1162200
1 [ OF ,
IET.| DATE REVISION BY | ckp |TITIE
DRAWN DATE
J Dever
CHECKED
(@S crur e comvanaron
APPROVED
§ DWG. NO. REV. | 1]2]3]4]S PART NAME RE%C.)h |
E | 1162200-9 X Actuator-Self Locking, Linear
D | 1162201~-1 X Potentiometer 1*
D |1162202-9 x Extension-Potentiometer 1
1162202-1 X Tube 1
| 1162202-~2 X Rod 1
| X Weld Rod AR
D 11162203-1 | ] x Retainer-Thrust Bearing 1
E | 1162204~1 kil X End Cap-Housing 1
E | 1162205-9 i X Nut-Power Screw 1
11162205-1 X {Sleeve 1
1162205-2 : x Nut 1
D]1162206-9 X Bearing Ring - Sleeve 1
1162206-1 X Ring .l
1162206-2 X Bearing 1
D | 1162207-1 ok x Piston-Ball Screw 1
D|1162208-1 fakad X Shim 1
1162208-2 X Shim 1
1162208-3 X Shim 1
1162208-4 P Shim 1
D|[1162209-9 X Key Ring - Sleeve 1
1162209-1 A x Key 1
1162209-2 X Ring 1
MS24693¢ 30 Screw 4
D j1162211-9 Sleeve L

ALY 5,987
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DRAWING NO.

- BASIC PARTS LIST 1162200
] SHEET 2 IOF 4
LET.| DATE REVISION BY | ckp |TITIE
Actuator-Self Locking, Linear
DRAWN DATE
J Dever
CHECKED
@ AEROJET-GENERAL CORPORATION
GENERAL JJ 3+ reat~? ° . carirarnia
APPROVED
3] : NO. Code
= . DWG. NO. REV, | 1|2 4(5(6] PART NAME REQ'D, [dent.
No
1162211-1 Sleeve 1
| 11622112 Plate
MS9390-450 Pin 2
NAS1352C08-6 Screw - 28
Primer Locquic Gradet AR 05972
Sealing Compound MIL-S-22473 GradeC AR
1162212-1 X Retainer 1
1162212-2 x Seal 1
D | 1162215-9 Fk X End Cap - Thrust 1
1162215-1 End Cap 1
1162215-2 Bearing 1
D[ 1162216-9 ** Housing - Actuator 1
11622161 Housing 1-
1162216-2 Port Cover 1
1162216-3 Key 2
MS16562-199 Pin 1
MS16562-250 |Pin 8
MS24675-10 Screw 6
343102 Plug 14 92555
Weld Rod A1S51349 MIL-R-5031 Class 6 AR
Dl 1162217-1 X Screw, Power-Acme Thread 1
D | 1162118-9 X Screw Ball Screw & Nut Assembly 1
1162218-1 Nut

AL D_aA»7
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DRAWING NO,

BASIC PARTS LIST %=

‘ — S

LET| DATE REVISION By | ckp | TITLE , .

Actuator-Self lLocking, Linear
DRAWN DATE
L J Devl')er
@ AEROJET-GENERAL CORPORATION '
APPROVED

& NO.

o DWG. NO. REV, 4|516 PART NAME REQ'D,
1162218-2 Ball Screw and Nut Assembly 1
1162218-3 ‘Seal Retainer 1
AN565D4H3 Setscrew 2
AN815-8S {Union 2
MS20002C6 Washer 16
MS20002C8 Washer 16
MS20066-240 Key 1
MS20067-196 Key 2 |

—
MS20995C20 {Wire, Safety AR
MS20995C32 Wire, Safety AR
MS20995C60 Wire, Safety AR
521291-40 Bolt 16
MS21293-23 Bolt 9
MS21293-28 Bolt 7
MS28775-012 Packing 1
MS28775-014 Packing 4
MS28775-016 Packing 2
MS28775-021 Packing 1
MS28775-126 Packing 1
MS28775-226 Packing 1
Mg28775-326 Packing 1
MS28775-427 Packing 3

A D.3%"7

falall iV a¥a a’ 1 %1




L

DRAWING NO.

BASIC PARTS LIST 1162200
SHEET 4 oF
IET,| DATE REVISION BY | ckp |TITLE
Actuator-Self Locking, Linear
DRAWN DATE
J Dever
CHECKED
@ AEROJET-GENERAL CORPORATION
APPROVED
S| NO.
= DWG, NO. REV, |1]|2|3]|4]5}]6 PART NAME REQ'D,
MS28775-441 X Packing 1
MS28775-443 X Packing 1
MS28782-29 X Retainer 1
MS28782-54 X Retainer 5
MS28782-68 X Retainer 2
MS35275-222 X Screw 4
1.250-18
UNEE-3B X Nut Z*
NAS1351 C3HS8 X Screw 8
NAS1351 C4H14 X Screw 4
30661-427N x| Cap Seal 2 25220
16-120B X Valve 1= 94697
559T-4D-50 : X Valve 1 91816
1209 X Bearing 1 52676
121-10078 X Clevis 1= 94697
CG103 P Clamp 1 23266
NTH-5684 X Bearing 2 78784
TRJI-5684 X Race 2 78784
. 250-28UNF
-3A X .25 LG MIN X Screws 4
X Lubricant per ALRC-44159 AR
X Lubricant per MIL-G-27617 AR
*Government Supplied| Phrk
**Chaneoed duripng fahricdtilon, sep CDN 3003
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APPENDIX D
WYLE LAB TEST REPORT



DATA SHEET REPORT

. on
[ ’ . Q’OC\U
K WYLE LAROCRATDRIES ‘4 4 Q\ o,
.18 JANUARY 1973 ‘éyé? ﬂﬂf;:x,,
. 56’ el
AssociAaTeED. MacHiNE COMPANY '¢77?

400 MATHEW STREET

SANTA CLARA, CarLiF. 95050

ATTENTION: Mr. He J. ZITZER

YEST TITLE: ProoF PRESSURE

REFERENCES: Your Purchase Order No. 6707-7082
Wyle Laboratories Job No. 53294
Government Contract No. N.A,
Wyle Laborstories Report No. 53294

Gentlemen:

This is to certify that the enclosed Test Data Sheets contain true and correct data obtained in
the performance of the test program.as set forth in your purchase order.

Where applicable, instrumentation used in obtaining this data has been calibrated using standards
which are traceable to the National Bureau of Standards.

Test Results:
(1) ACTUATOR, ParT NumBer 1162200, Seri1aL NUMBER 1,

SUBJECTED TO THE PRroOOF PRESSURE TESY DESCRIBED HEREIN.
SPECIMEN COMPLIED WITH THE SPECIFICATION REQUIREMENTS.

One
- WAS
THE

THE ENCLOSED DATA

Enclosures: Data Sheets ( 1} Pages)

1S PRESENTED FOR YOUR EVALUATION.

SIATE OF CALIFORNIA
COUNTY OF LOS ANGELES

c.D. YlAKAS

|
, being duly sworn,
deposes snd says:

That the information contained in this tepor( is the result of

complete and car:fu!l) conduclcd tests and is 1o the best of his knowledge true
and correc ll resp

19 13

JAN.

e OFFICIAL SEAL
_ iy, William H. Vanderberg, Jr.

ROTARY PUBLIC-CALIFORNIA
PRINCIPAL CFMICE IN
2 LOS ANGELES COUNTY
4 M/ Commu sion Expires June 24, 1974

WY

W-781

A

. TEST WITNESS

- .QUALITY CONTROL

DEPARTMENT __MECHANICAL SYSTEMS

TEST ENGINEER [ A&Z@W

A. D//ghow

NoT APPLICABLE

DCAS-QAR VERIFICATION



MYLAE LARCRATCRIES ,'3“’?“,3 No. 53293 '
N . AG 0.
- : - DATA SHEET

Test Titls: Proof PRESSURE

Customer ASSOCHIATED MacHINE CO. T 53294

- ' Dote Tost Storted r/1W73
Part No 1162200 Date Tost Comploted T/TW73
S/N ] Amb, Temp 710+15F
Spec. AM L1 62200 Rev, Photo No
Pare. 4.1 Test Mod. MIL-H-56086

. Specimen Temp RooM AMBIENT
., Speciman AcTuaToRr

SPECIFICATION REQUIREMENTS

SuBJECT THE SPECIMEN TO A Hyorauric Proor PreEssurtE of 4500 psia.
RECORD ANY EVIDENCE OF EXTERNAL LEAKAGE, DAMAGE OR DEFORMATION,

PROCEDURE AND RESULTS

THE SPECIMEN'S PRESSURE AND RETURN PORTS WERE SIMULTANEOUSLY
PRESSURIZED TO 4500 psia wiTH MIL-H~5606 Hyprautic FrLuip. THE
'TEST PRESSURE WAS MAINTAINED FOR A MINIMUM DURATION OF TWO
MINUTES DURING WHICH TIME THE SPECIMEN WAS MONITORED FOR EVIDENCE
OF EXTERNAL LEAKAGE. THE TEST PRESSURE WAS THEN REDUCED TO

ZERO PSIG AND THE SPECIMEN WAS VISUALLY EXAMINED.

THERE WAS NO EXTERNAL LEAKAGE. THERE WAS NO APPARENT DAMAGE

OR DEFORMATION.

TEST EQUIPMENT ‘ A
Press. Gauge. 0-5000 psi =~ W/N 3552 CaL. Due 2-10-73
TiuER 0- 60 MiIN W/N 6155 CaL. Due 2-18-73

o

Tosted By &251::é316»¢4./f—-'
>

.Specimen Meets Spoc. Requirements YES X Witness Date:

a A al H«fﬁo 0 ’ Shest No. / A N of
. C. Form Approv o A d i :
WGI4A fi pprove ] QFA._.W Date



»
S

WYLE LAEORATORIES

NOTICE, OF DEVIATION

LN,

TEST REPORY NO PAGE.

WYLE JOB NO 53294
NOD NO 1

PO HO 6707-7082
DATE 1/11/13

GOV'T, CONT. NO

10: AssoctaTeED MacHine Co. )

ATIN: Mr, H. J. Z1TZER
PART NAME ACTUATOR

PART.NO 1162200 SERIAL HO 1
TEST: FuncTionay

seeciricanonAM_ 1162200 PARAGRAPH NO 4.0
NOTIFICATION MADE T0:__H.J. ZITZER No

DCAS — QAR

oae_ 1/11/73 _ w__A. Snow vi._WITNESS
SPECIFICATION REQUIREMENTS:
NO SPECIFICATION REQUIREMENTS.

THIS NOTICE OF DEVIATION

DESCRIPTION OF DEVIATION:

ISSUED FOR INFORMATION

ONLY.

THE FOLLOWING ANOMALIES WERE ENCOUNTERED DURING THE FUNCTIONAL
TESTING OF THE SPECIMEN. '

(1) THE LINEAR POTENTIOMETER EXHIBITED AN ERRATIC CIRCUIT BC-
Tween pins "E"™ ano "F". THE MAXIMUM TRAVEL INDICATED WAS

FIVE INCHES.,

(2) INTERNAL LEAKAGE THROUGH
IT COULD NOT BE MEASURED

THE SPECIMEN WAS SO GREAT THAT
WITH A GRADUATED CYLINDER.

(3) Servo vaive oip noT

FUNCTION PROPERLY.

(4) Actuator wouLD NOT EXTEND WITH 3000 PSiG APPLIED TO THE

INLET PORT.

SPECIMEN DISPOSITION

STOoP TESTING AND RETURN TO CUSTOMER.,

COMMENTS - RECOMMENDATIONS:

TEST
DISTRIBUTION:

ORIGINAL: QUALITY CONTROL
{ )} COPIES: CUSTO'ER
1 COPY: JO3 CONTROL
I COPY: WHITE FOLDER
| COPY: GREER FOLDER
t COPY: CONTRACTS
{ 1 COPIES: DCAS — QAR

WT.-100A

REPRESENTING

WITNESS:

QUALITY CONTRO

O Baern Bomomonl Pt

TEST ENGINEE

~DEPT. MANAGE




