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20 August 1955

M LI TARY SPECI FI CATI ON
VALVES, SHUTTLE, HYDRAULIC, Al RCRAFT, TYPE I SYSTEMS

This specification has been aﬁgroved by the Departments
of the Air Force and by the Navy Bureau of Aeronautics.

1. SCOPE

1.1 Scope. - This specification covers hydraulic shuttle valves for use in type
Il aircraft hydraulic systems conforning to and as defined in Specification M L-H 5440
The conplete specification for these valves consists of Specification ML-H 8775, which
covers general requirenents common to all aircraft hydraulic components, and this speci-
f||cat|on, which includes additional requirements specifically applicable to shuttle
val ves.

- Cassification. Shuttle valves shall be furnished in accordance with the
folloowi g standards as specified, (see 6.3).

Standard MS28766 Direct mounting.
Standard MsS28767 Internal tube fhread.

2. APPLICABLE DOCUMENTS

2.1 The following specifications and standards, of the issue in effect on date
of invitation for bids, forma part of this specification to the extent specified herein:

SPECI FI CATI ONS
Mlitary
M L- H- 5440 Hydraulic Systems Desisgn, Installation and Tests
of Aircraft (Ceneral Specification for)
M L- V- 5529 Val ves, Hydraulic Directional Control
M L-H-8775 I-Iydrauf|,c System Components Aircraft, CGeneral
Specification for
STANDARDS
Mlitary
V528766 Valve Hydraulic Shuttle, 3,00 PSI, Direct Munting
(Type Il Systenms)
MB28767 Valve - Hydraulic Shuttle, 3,000 PSI, Internal Thd.

Tube Fitting Qutlet: (Type Il Systens)

(Copies of specifications, standards, draw n?s, and publications required by con-
tractors in connection with specific procurement functions should be obtained from the
procuring activity or as directed by the contracting officer.)

FSC 1650
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3, REQUI RMENTS

3.1 General - Hydraulic shuttle valves furnished under this specification shall
conformto “requirements of Specification ML-H 8775 except that in case of

conflict between the requirements of Specification ML-H8775 and this specification,
the requirenents of this specification shall govern.

3,2 Qualification.- The valves furnished under this specification shall be a
product which has been tested and has passed the Qualification tests specified herein.

4, QUALITY ASSURANCE PROVI SI ONS

4.1 General.- The Qualification and Acceptance test provisions contained in

section 4 of Specification ML-H 8775 are applicable to, and form part of this
specification.

4.2 Qualification tests.- The Qualification tests described herein under
"Qualification test methods™ shall be performed on the applicable specimen by the manu-
facturer and the activity responsible for qualification, in the order as indicated in
tables | and Il, respectively. Tests may be supplemented with tests under actual serv-
ice conditions, at the option of the procuring activity.

4.2.1 Requalification.- Qualification approval based on evaluation of handmade
samples or nodel's other than normal production samples will be subject to requalific-
ation as directed by the procuring activity. The manufacturer shall furnish the activ-
ity responsible for “qualification Tull particulars regarding changes in manufacturing
processes product design (including conponent parts thereof), and of resulting changes
In performance. Results of tests conducted to prow the acceptability of such chanﬁes
shal'| be furnished. Subnission of sanples for evaluation shall be as directed by the
activity responsible for qualification when such changes are made, or when conforma}nce
of the product to requirements of this specification’is questionable.

4.3 Qualification test methods.-

4.3.1 Exanmination of product (qualification). - The maxinum and mninum clearance
speci mens shal T each be carefulTy examned to determne conformance with all the re-
auuements of this specification and for any visible defects. The critical clearance

imensions shall be checked and recorded for conparison of results. The dry weight of
the assembled valve shall be recorded.

4,3.2 Fluidimersion.- Al shuttle valves shall be imersed continuously in
hydraulic fluid, Tor a Ferlod of 72 hours at a fluid tenperature of 275° prior to con
ducting the reminder of the Qualification tests specified herein. Al infernal parts
of the valve shall be in contact with the fluid during this inmersion. After the 72-
hour soak period, the shuttle valve shall remain in the fluid at normal room tenperatun
until ready for test. It shall not be exposed to air internally for any appreciable *
length of time during the test.

4.3.3 Proof pressure (qualification).- This test shall be performed at a tenper-
| ture of 275F A Froor pressure of 4,500 psi shall be applied twce to each inlet port,
with the opposite inlet port open to the at rmthere. Pressure shall be held for 2
mnutes each time, and the valve shuttle shall be actuated between applications of
pressure. There shall be no neasurable external |eakage, failure, or permanent set.
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4.3.4 Washout.- This test shall be performed within a tenperature range of 70°
to 120°F, using setup simlar to figure 1. A high-surge flow from an accunul ator
shal | be directed twice alternately to one inlet port in the normal flow direction, and
then to the outlet port in the reverse flow direction. Sufficient time shall elapse
between reversals of flow direction to allow the accunulator pressure to rise to rated
pressure.  The accunulator shall have a volumetric capacity equal to 400 cubic inches
and shall have a preload charge of 1,000 psi. The punp source shall deliver rated flow
at rated pressure. The pressure line between the accumulator and the shuttle valve shal
be not greater than 4 feet in length, and the return line from the directional control
valve to the reservoir shall be not greater than 3 feet in length. The line and fitting
sizes shall be not smaller than the corresponding size of the test valve, and pressure
drop at rated flow through the directional control valve shall not exceed the maxinmm
allowabl e value for the corresponding size valve specified in the paragraph titled.
"Pressure Drop at Rated Flow' of Specification ML-V-5529. The valve Shall be subjected
to 109 cycles of flow reversals. The shuttle valve shall also be subjected to this test
with the Inlet ports interchanged. ~The |eakage from the open inlet port shall not exceed
1/2 cs per cycle, nor shall there be any washing out of packings or malfunctioning of
any part of fhe valve.

4.3.5 Leakage and shuttling with fluid - This test shal| be perforned with a
test setup simlar to figure 2. "Unfess ofherwise specified, this test shall be conducted
with a fluid temperature-of 100°F. The outlet port shall be plqued, and the valve so
positioned that the unconnected inlet port is down and open to the atmosphere. Wth the
system bled of air, the punp and needle valve shall be operated until the valve shuttles
at a HowrﬁelmtexwemnglocUMClnmeEM mnute. Leakage through a single
shuttlin? operation shall not exceed 3 cc. The pressure for shuttling shall be observed
and shallT be not less than 25 psi, nor greater than 100 psi. A Eressure_of 5 Psi
shal I then be applied to the valve for a period Of 32 ninutes. Leakage in a 30-mnute
period, following a 2-mnute seating period, shall not exceed 1/4 cc. The pressure shal
then be raised to rated pressure, and_there shall be no |eakage in a 30-ninute period
fol | ow n% a 2-nmnute seating time. The valves shall also meet the above test require-
ments with the inlet ports iI'nterchanged

4.3.6 Air_pressure shuttling and | eakage.- This test shall be perforned within
a tenperaturé range of 70°'to 120°F. Ine valve shall be set up substantlaI[Y the sane
as shown in flgure 3. The shuttle valve shall be wet internally, but not filled with
hydraulic fluid. Wth the air pressure reducing valve set at 100 psi, and shutoff valve
"A" O osed, the quick-opening type valve "B'shall be opened, and the valve shall shuttle
satisfactorily. Leaka%e of air past the shuttle valve pistons as collected in the grad-
uate, shall not exceed 10 cubic inches of free air per shuttling cycle. The air presssure
shall then be adjusted to 15 psi, and the Jeaka?e shal | not exceed 5 cubic inches of free
air per mnute. " Pressure shall then be raised to 3,000 psi, and the |eakage shall not
exceed 5 cubic inches of free air per nmnute.

4,3.7 Extrene tenperature functioning.-

4.3.7.1 Lowtemperature functioning.- Wth a test setup simlar to figure 4, the
tenperature shall be maintarned at not warner than -65°F for a period of 4 hours. After
this period, the valve shall be shuttled at least five times by means of the hand prep
After the fifth actuation, the shuttling Eressure and |eakage 'shall then be observed and
shal| be as specified in 4.3.5 titled Leakage and shuttling with fluid.

4,3.7.2 Rapid warm up.- The lowtenperature test setup shall be allowed to warm
up rapidly to atenmperature of 275F. Wile the tenmperature i's being raised and without
waiting for the tenperature to stabilize throughout the setup, the valve shall be
shuttled at aPprOX|nater 70°-F differentials in anbient tenperature and the shuttling
pressure shal [ be observed and shall be as specified in 4.3.5 titled Leakage and
shuttling with fluid
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FIGURE 2. Setup for Leakage and shuttling with fluid test
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4.3.7.3 Hgh t rature functioning. - Unl ess otherwise specified, this test
shal | be conduc%ed a% ate era%ure of 2%5°F. The valve shall then be shuttled at |east
five times by neans of the hand punp. After the fifth actuation, the shuttling pressure

and |eakage shall then be observed and shall be as specified in 4.3.5 titled Leakage and
shuttling with fluid

4.3.8 Inpuls cycling. - Wth a setup simlar to figure 5 the shuttle valve
shal | be subjected To a total of 20,000 cycles or operation at a rate of 35 + cpm
For each cycle the directional control valve shall alternately apply rated pressure and
then a back pressure of 75 psi maxinumto one inlet port of the shuttle valve. Of the
total number of cycles, 5,000 shall be performed in accordance with the procedure out-
line in 4381 UHedImMseathmhtemHaun? The bal ance of 15,000 cycles shall
be perforned in accordance with the procedure outlined in 4.3.8.2 titled Inpulse at
intermediate tenperature. Surge pressure during the pressure buildup portion of each
cycle skill be 150 percent + 5 percent of rated pressure. During his inpulse cycling
internal |eakage shall be collected at the unconnected inlet port and shall not exceed
1 cc per 100 cycles, and there shall be no neasurable external |eakage

4.3.8.1 Impulse at high tenperature.. The valve shall be subjected to 5000

cycles of jnpul 58 at a tenperature of 275F. on conpletion of these 5 000 cycles, the
vglve shaIInBe soaked at gptenperature of 275“&*%or a erlog of 1 hour wth rayed pres-

sure anIied to the valve. ~The pressure shall then be relieved o quroxinateI¥ 0, and
the valve soaked for a period of 1 hour at a temperature of 275F. The tenperature of
the valve shall then be reduced to a range of 70°to 120°F and the test specified in
4.4.1,3 titled Leakage and shuttling with fluid shall be conducted, and the requirenents
therein shal| be satisfied. The tenperature of the test setuP shall ‘then be |owered to |
not warner than -65F and the test specified in 4.4.1.3 titled | eakage and shuttling with
fluid shall be conducted, and the requirements therein shall be satisfied.

4.3.8.2 |npulse at intermediate tenperatures.- The valve ?hMJ then be smqected
to 15,000 cycles of Lqpulse at a fenperature of 225 "F. Upon conpletion of these 15,000
cycles, the test specified in 4.3.7.3 titled Hgh-tenperature functioning shall be con-
ducted at atenperature of 225F, and the reqgirenents therein shall be satisfied. The
tenperature of the test setup shall then be reduced to a range of 70° to 120°F and the
flurd tenperature stabilized at 100F. The test specified in 4.4.1.3 titled Leakage and

shuttling with fluid shall then be conducted, and the requirements therein shall be
satisfie

4.3.9  Endurance cycling.- Wth a test setup simlar to fi%ure 6, the shuttle
val ve shall bé subjected to a total of 2,000 CKC|G$ of shuttling at a rate of 35 25 cpm
Shuttling shall be acconplished by operating the directional control valve in such manner
as to alternately apply rated pressure to the inlet ports. Surge presssures during the
pressure application portion of each cycle shall be 150 percent + percent of rated
pressure. The valve shall be subjected to the first 500 cycles of shuttling at a tem
erature of 275F.  Upon cogRIet[on of these cycles, the valve shall be soaked for 1

our at a tenperature of 275F with rated pressure applied to either inlet. The pressure
shal | then be relieved, and the valve soaked an additional hour at this tenperature. The
tenperature of the test setup shall then be reduced to a range of 70°to 120F and the
flurd tenperature stabilized at 100°F at which the requirenents for Ieaka?e and shuttling
with fluid (4.4.1.3) shall be checked and satisfied. The tenperature shall then be
reduced to -65F and the test Leaka?e and shuttling with flurd (4.4.1.3) again checked
and satisfied The shuttle valve shall then be subjected to 1,500 cycles at a tenper-
ature of 225F.  Upon conpletion of these cycles, the test Leakage and shuttling with
fluid (4.4.1.3) shall be conducted at a tenperature of 225°F, and the requirenents
therein shall Dbe satisfied

30
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6.3.10 Shuttlin ag@i nst a closed line.- This test shall be performed within a
tenperature range of 70°to 120F. The valve shall be set up as shown in figure 7.
Wth shutoff valve “B" and “C' closed, and shutoff valve "A" opens flow shall be directed

rough the flowreter until the air jsthoroughly bled from the system Shutoff valve
tt& gnall be tWeT% positively closed, a[f?er q/\lmych tHe vainve shaY? e reverse *rom
the position shorn in order to direct flowto the emsrgencly inlet port on the shuttle
valve. The pressure drop from energency inlet through outlet shall not exceed 10 times
the maxi num al | onabl e pressure drop at rated flow as indicated in table I11. Five

seconds shal | be allowed before pressure drop reading is taken. This test shall be re-
peated 20 tines.

4.3.11 Surge-flow shuttling. - The surge flow test shall be performed within a
tenperature range of 70°to 120“!9. The shuttle valve shall be set up essentially as
shown in flgt;ur.e 7 with shutoff valves “A " "B" and "C' open. The 4-way valve, however,
shal | be put in a neutral position to permt the buildup of 3,000 hydraulic pressure
in the accul ator.The 4-way valve shall thembe cycled 20 tines. At "the end of each
shuttling operation or half cycle, the 4-way valve shall be returned to the neutral
;%osmon to again permt the buildup of 3,000 psi hydraulic pressure in the accumul ator.
here shal | be no mal functioning of or damage to the valve during this test.

4.3.12 Pressure drop.- This test shall be perforned at a fluid tenperature of
100°F. Hydraulic pressure sufficient to Produpe rated flow shall be applied to either
of the two inlets, first in the normal flowdirection (frominlet to outlet) and then
inthe reverse direction, fromoutlet to the same inlet port. This procedure shall
then be repeated startln%wth the opposite inlet. Pressure and rate of flow shall be
accuratel y maintained. manoneter, or suitable pressure gages, connected across the
shuttle valve shal| be used for accurate nmeasurement of the pressure drop. Fi-enum

?rgf) |r|1|Foth directions shall be measured and shall not exceed the values specified in
able I11.

TABLE III

Maximum pressure drop

Tubse Rated flow Pressure
Valve | size capacity (min) | drop (max)
size | (4n,) gpm psi
-} YL 1.2 10
-6 3/8 3.5 1o
-8 1/2 6.0 10
<10 s/8 10.5 10

4.3.13 Burst pressure.- This test shall be performed at a tenPerature of 275°F.,
Any suitable fluid may be used for this test.  Hydraulic pressure shall be applied to
either inlet, with the outlet port plugged, at a rate of approximately 25 000 psi per
mnute until a pressure of 7,500 psi is obtained. The valve shall withStand this mnimm
burst pressure for a periQd of 2 minutes without rupture of internal or external parts.

. 4.4 Acceptance tests.- Each valve to be furnished under contract shall be exam
ined to determne conformance with the material and design requirements of this specifi-
cation and shall be subjected to the following tests:

&)a) Exami nation of product - acceptance (
Roof pressure - acceptance 4.
¢ Leakage and shuttling with fluid - acceptance 54.

4

2
1.3
d Reverse-flow unseating - acceptance 1.4; 13
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4.4.1 Acceptance test nethods. -

_ 4.4.1.1 Examination of product (acceptance) .- Each valve shall be carefully ex-
amned to determne conformance wth the requirenents of this specifications design,
construction, weight, workmanship, identification of product, conformance to applicable
drawings, and for any visible defects. The manufacturer's drawings and the manufacturer's
api)llcable specifications which were submitted when qualification approval was granted,
wll used by the Inspector, as necessary, to determne that the product submtted for
acceptance under contract is identical to the itemas qualified.

4.4,1.2 Proof pressure (acceptance).- A proof pressure of 4,500 psi shallbe
applied twice to each inlet port, wth the opposite inlet port open to the atnosphere.
pressure shall be held for 2 mnutes each time, and the valve shall be shuttled between

applications of pressure. There shall be no measurable external |eakage, failure, or
permanent set.

4.4.1.3 Leakage and shuttling with fluid (acceptance).- This test, for accept-
ance shal|l be conducted with a test setup simlar to figure 2. Ihe valve shall be so
positioned, with the outlet port plugged that the unconnected inlet port is down and
open to the atnospheres Then with the systembled of air, the punp and needle val ve
shal | be operated until the valve shuttles at a flow rate not exceeding 10 cubic inches
per mnute. Leakage through a single shuttling operation shall not exceed 3 cc. The
shuttling pressure shall be observed and shall be not |ess than 25 psi, nor 8reater t han
100 psi. A pressure of 5 psi shall then be applied to the valve for a period of 8
mnutes, and the |eakage observed during the final 6 minutes after a 2-minute seating
period shall not exceed one drop. The pressure shall be raised to rated pressure, and
there shall be no |eakage when measured over a period of not less than 5 minutes. The
| eakage neasurement period shall begin 3 mnutes after application of the pressure, to
allow the valve to seat.The valves shall also meet the | bovw test requirements with
the inlet ports interchanged.

4.4.1. 4 Reverse-flow unseating (acceptance).- Three times the rated flow of the
val ve shall be apflled N a reverse arrectron arscharging through the open inlet port
During the test, the shuttle shall not unseat, and the |eakage out of the opposite inlet
port shall not exceed I/2 cc (10 drops) Per minute.

5. PREPARATION FOR DELIVERY

5.1 General.- The provisions contained in section 5 of Specification ML-H 8775,
as appilicable, forma part of this specification.

5.2 Marking of shipments.- In addition to the marking of shipments identification
specified in Specrfrcafion ML-H 8775, the followi ng shall be added:
MS Part No.
Manufacturer's Part No.
6. NOTES
6.1 Ceneral.- The notes contained in section 6 of Specification

a part of tTrs Specification.

6.2 Intended use.- The valves covered by this specification are intended for use
inaircraft Type TT nydraulic systems conforming to and as defined in Specification
M L- H 5440

6.3 Odering data. - Procurenment documents should specify the MS Part No. of the
valve requiﬂﬂre. e 1.2.) ety

15
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6.4 Provisions for qualification.- Wth respect to products requiring qualifi-
cation, awards w11 Dbe ony 1or sucn products as have, prior to the bid openin
date, been tested and approved for inclusion in the applicable Qualified Products List
whether or not such products have actually been so listed by thai date.

6.4.1 The attention of suppliers is called to this requirement, and manufacturers
are urged to arrange to have the products that they propose to offer to the Federal
Government, tested for qualification in order that ‘they may be eligible to be awarded
sont.racts or orders for the products covered by this specification. Request for infor-
mation pertaining to qualification of products covered by this specification should be
addressed to the Bureau of Aeronautics Navy Department, Vshington 25, D. C, the
activity responsible for qualification, with a copy to the Conmander, Wight Air Devel-
opment Center, Wight-Patterson Air Force Base, Chio.

NOTI CE: \When Governnent drawi n?s, sPecification, or other
data are used for any purpose other than in connection with

a definitely related Government procurenent operation, the
United states Government thereby incurs no responsibility

nor any obligation whatsoever; and the fact that the Covern-
ment nmay have fornulated, furnished, or in any way supplied
the said draw n([qs, specifications, or other data i's not to be
regarded by inplication or otherwise as in any manner |icensing
the holder or any other person or corporation; or conveying any
rights or permission to manufacture, use, or sell any patented
invention that may in any way be related thereto.

Cust odi ans: , Preparing activity:
Navy - Bureau of Aeronautics Ne?vy " Bureau of Aeronautics
A r Force

16



