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MATERIAL SPECIFICATIONS Issued 7-1-56
SOCIETY OF ;\UTOMOTIVE ENGINEERS, Inc. 485 Lexington Ave., New York 17, N.Y.
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RINGS, SEALING, SYNTHETIC RUBBER
Phosphate Ester Hydraulic Fluid Resistant (70 - 85)

(Butyl Type)

1.

ACKNOWLEDGMENT ¢

A vendor shall mention this specification mimber in all

2.

3.
&:au.

quotations and when acknowledging purchase orders. v
FORM:
APPLICATION:

Molded rings.

Sealing rings for use in phosphate ester base fire resistant hy-
[{c fIuids at temperatures as low as =65 F.

L. TEC

ICAL REQUIREMENTS:

heoll ©
)
(o]

-h.l. Q_O;n_ln'_a_lz

. on other materials

brrosion: The product shall not have a carrosive effeo
e, Discoloration

ien exposed to conditions normally encountered in servi
" metal shall not be considered objectionable. '

h.1.2 A

n

cluding standards approved and practices recommended, are advisory only. Th
ment to adhere to any SAE standard or recommended practice, and no commitm
technical reports, the Board and I1ts Committees will not Investigate or consl

The product shall be removable from an assembly without tearing
d to conditiéns

esion:
eaving deposits of rubber due to adhesion when expos
rmally encountered in service.

patents which may apply to the subject matter. Prospective users of the report are responsible for protecting themselves against llabliity for infringment of patents.”

‘g 42 Properties: The product shall conform to the following requirements; tests
928 performed on the product supplied and in accordange with listed
32 ‘methods, insofar as practicable. Tensile strength testing is not
Esa reghired on rings which, after cutting, are too short to permit testing.
gk= Eliminating tensile testing does not eliminate testing for | elongation;
ggg elopgation test may be made by stretching a ring over a mamndrel of a size whieh
L5E will stretch the ring sufficiently to produce the required|elongation .
£33 when figured on the ID of the ring. ' ’
88y
§§§ L.2,1 Ap Received:
T
228 L4.2.1.1 |Hardness, Durameter "A" ar equiv. 70 - 85
H3 1.2.1,2 |Tensile Strength, psi, min | 1200  ASTM|DL12-51T
A L.2.1.3 Elongation, %, min 200  ASTM D412-51%
;é:’. h.2.1.i Tensile Stress at 100% Elongation, ASTM DU12-51T (See Notel#
ags : psi, min : L4100
Egi Note 1, Stretch specimen three times to 100% elongation prior to conducting the
:sé test,. .
2
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L.2.2 Phosphate Ester Fluid Resistance: ASTM DL471-59T
(Tmmediate Deteriorated Properties) _ Medium: SAE Phosphate
. Ester Standard Test
he2,2.1 Hardness Change, Durometer "A" or Fluid #1 (See Note 2)
equiv, =20 t0 O Temperature: 158 F + 2
' Time: 168 hr
L.2.2,2 Tensile Strength Change, ¥, max
(based on area before immersion) -25
4e.2.2.3 Elongation Change, %, max -35
Le2.2.4 Volume Change (Method A), % 0 to +15
l.2.2.,5 Decomposition None
l.2.2,6 Surface Tackiness None

Lhe2.2,7 If impra¢ticable to determine tensile strength of rings 0.5'in. jand less
nominal after oil immersion, the rings shall withstand; without crack-
ing, closing flat.

Note 2, SAE Phosphate Ester Standard Test Fluid No. 1 is a‘standardized batch of
test flujd which has been set aside by the manufacturer for use in AMS
tests., It may be obtained far test purposes from:

Monsanto Chemical Company
Organic Chemical Division
800 North Twelfth Blvd,
St. Louis 1, Missouri

4.2,3 Dry Heat Rgsistance: ‘ ‘ - ASTM D573-53
- Temperature: 158 F + 2
Lo2,3.,1 Hardness|Change, Durometer "A® Time: 168 hr™
or equiv{ . 0 to +10 ~ :
Le2.3.2 Tensile Strength Changey %, max -20
Le20343 Elongatiqgn Changes) %, max =35
Le2,3.4 Bend (f£lat) . " No cracking
or checking
L.2.i Compression Set: ASTM D395-55, Method B
Temperature: 158 F + 2
Le2.sel Per cent of original deflection, max 50 Time: 22 hr ~
: R Compressed to 75%
b4e2.4e2 Per cent of original thickness, max 12 original thickness

,See h020h03 and hozohoh

Lo2.4e3 These values are applicable to rings having a nominal cross sectionmal
diameter of 0,139 in. and larger. o

h.2.hok Rings over 2 in. nomindl ID may be cut for testing. The cut specimen shall
be not less than 1 in. in length. ‘

“t
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4e2.5 Low Temperature Brittleness: No cracking See h.2.5'.1

h.z 0501

The specimen for rings 2 in. and less nominal ID shall be a complete

ring; the specimen for rings over 2 in. nominal ID shall be a piece 3 in.

long cut from a ring. The specimen shall be aged in Phosphate Ester Test

Fluid No., 1 for 72 hr at 158 F + 2, cooled in an unstressed position to

=65 F + 2, and held at that temperature for S hours. At the end of the

refrigeration time, the specimen shall be bent as follows: The complete
ring specimen shall be ovalized until the minor axis is equal to 50%

of the original ID; the 3 in. specimen shall be bent around to form a
circle,

h.2.6.2

1 Le2,6.3°

3 sequence
de There shall be no evidence of Wear, permanent sef s |or extrusion of
eals, or corrosion, sticking, or bad discoloration’'of the adapters or

s adjacent to the packings during ar after the entire performance tests.
ge shall be recorded,

t Specimens: Shall be O-rings having the dimensions shown for test
size 73 In Table 1 mounted between two-chrome-tanned [leather back-up
8 having an of 1-7/8 in, + 1/6h, cfoss-sectional width of 0,188 in.
010, -0.,005, and thickness of 0,09: in. + 0,010, Fluid shall be SAE
sphate Ester Standard Test Fluid Noi-1l. —

ratus: Hydraulic piston and cylinder assembly designed for 3000 psi
ogether with the required actuating mechanism, hydraplic pressure
ce, and thermal controls and equipment. The cylinder
be 1.876 in, + 0,001 with taper not greater than O.
out-of -round not greater than 0,005 in. total indicato reading; pis~
groove diameter shall.be 1,502 in. + 0.002, -0,000; total diametral
rance shall be 0,007 in. + 0,005; groove length shall be 0,410 in.
55 =0.000; top «of corner radius shall be 0,002 - O, in.; surface
ish of grooves shall be not less than )i nor more than 3 microinches;
surface roughness of cylinder bore over which packing slides
be 8 - 16 microinches. The assembly shall be set fof a
2 in, stroke and adjustable in cyele rate from 0 - 4O pm. The
mbly shall be mounted in a thermal chamber with a temperature range
5 £6.+160 F and capable of control to + 2 F. Suitable differential
sure(for hydraulically actuated equipment) or strain gauge (for
amically actuated equipment) measuring apparatus be provided
for determining relative packing break-out and running friction values,

High Temperature Performance Test Procedure: Packing specimens and backup
rings sha ] e groove assembly filled with fluid at no
pressure. Assembly shall be maintained at 158 F + 2 for 6 days prior to
performance tests. Assembly shall be disassembled at the end of this
time and packings and all metals in contact with packings shall be inspected
for adhesion, gums, residues, permanent set or swelling of packing, and
discoloration or corrosion of metals, After reassembly, the pressure in the
entire system shall be raised to 3000 psi with the piston near one end of
cylinder, but not bottomed, and the necess valve adjustments made to
prevent motion. The temperature shall be raised within 1 hr to 158 F
+ 2 and the assembly held at this temperature and pressure for 2l hours.
completion of this period the following cyclic and static tests shall
be performed in the order listed and at the temperature specified, Total
leakage during the following sequence shall not exceed 7 drops (approximately
0.35 ml) from each packing gland.
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h°2060303

b.2,6.3.4

h02060305

bo2.603.1 Initial High Pressure Break-Out: Following the 2l hr standby pericd, and

4.2.60l.1 Low Pressure Break-Out: Following the 2} hr standby period, and with the

z b v F * 2 and 3000 psi hydraulic pressure, slowly
apply sufficient forec (hydraulic or mechanical) to initiate movement
of the piston. The pressure required for break-out of hydraulically
actuated mechanisms shall not exceed LO psi, and the break-out force for
mechanically actuated equipment shall not exceed 110 pounds,

Lling: Not less than 10 cycles of operation at 3000 psi

a1l b e differential pressure required to maintain movement
at 20 cpm hydraulically actuated mechanisms shall not exceed 20 psi P
and for mechanically actuated equipment the force required shall not
exceed 55 pounds,

A8 S1ITE xic : T h niston shall be RAL8O-RNOL 55— than 10 tines
at nofload pressure. For hydraulically actuated mechanisms\ |use suffi-
cient| differential pressure to maintain movement at 20 cpm: |Mechani-
cally| actuated equipment should be set at 20 cpm and 10 psi pisten
packing pressure. Record differential pressure (hydraulical] y actuated
mechanisms) or force (mechanically actuated equipment) required to
mainIin movement of the piston,

Low Pressure Static: The hydraulic pressure-in the test assembly shall
be Icjered to 5 - 10 psi and the imstallation allewed to set|l hour,
After|the standby period, record the differential pressure (Hyd raulically
actuated mechanisms) or force against the piston (mechanically actuated
equipgent) required to initiate movement of the piston,

Final |High Pressure Break-Out: After completion of the preceding test
ice; the hydraulic pressure in the test assembly shall Y '
psi with the piston near, one end of the cylinder, but nd
miintained at that pressure for 3 hr at 158 F ¢ 2, The test assembly
shall (then be allowed to (cool to room temperature over a 20 h

Pressyre shall not fall below 2000 psi during this period,
shall [then be relieved from the test assembly without permitiing the
piston to move; and a’'no-load break-cut friction test performe _
re required.for break-out of hydraulically actuated mechanisms
shall [not exceed 10 psi, and the break-out force for mechani ally
actuated equipment shall not exceed 110 pounds, leakage during this
partign of the test shall not exceed 2 drops (approximately

per gland,

Low Tempsrature Periormance Test Procedure: The same apparatus and packing
rings used in previous tesisshall be charged to 3000 psi for 3 min, to
position the rings within the packing gland. The pressure shall then be
lowered to 5 = 10 psi and the test assembly lowered within 1 hr to 65 to
<70 F and maintained at that temperature for not less than 2l hours, The
following cycling and static tests shall then be performed in the order
specified; using fluid no warmer than 65 F. Ieakage during the entire
sequence of low temperature performance tests shall not exceed 20 drops
(approximately 1 ml) per gland, :

assembly at 85 F and 5 - 10 psi, slowly apply sufficient force (hydraulic
ar meehanical) to initiate movement of the piston, Differential break-out

pressure for hydraulically actuated mechanisms shall not exceed 80 psi, No
more than 220 1b break-out force shall be required for mechanically

actuated piston,
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Lie2.6.L42 low Pressure Cycling: The piston shall be actuated not less than 10

he2.6.l03

Note 3, At
mg

times at no load pressure.

Differential pressure required to maintain

20 cpm movement of hydraulically actuated mechanisms shall not exceed

100 psi.

pistons shall not exceed 275 pounds. (See Note 3)

High Pressure Break-Out:

Force required to maintain 20 cpm with mechanically actuated

After completing the preceding test sequence,

the hydraulic pressure in the test assembly shall be maintained at

3000 psi with the piston near one end of the cylinder,
and maintained at that pressure for 1 hour. Following
1 hr standby period, sufficient force (hydraulic or me
be applied to initiate movement of the piston.
for break-out of hydraulically actuated mechanisms sha

, ’ ,
shall not exceed 330 pounds, Pressure shall then be r
and the apparatus allowed to warm to room temperature
period. (See Note 3)

but not bottomed,
completion of the
chanical) shall

The pressure required

11 not exceed
ted eocuipment
pduced to O psi
over an 18 hr

the start of L4.2.6.L.2 and L.2.6.1.3 the piston rod shhll be forcefﬁlly

ved from side to side in each of two planes‘90 deg apar

4.2.7 Endurance Tests:

The product shall be capable of meeting

re

he2.7.1

irements:
est Specimens:

Shall be O-rings and back-up rings iden

)_!4.2 .7.2

)402 07 03

quired for performance tests in“li.2.6.

Shall be similar\to that recuired for perfo
ydraulically actuated mechanisms shall be so co
ring the filling stroke of the inboard end of the eyli
e the piston rod is:retracting), the fluid pressure s
eric or less (5 - 1.7 psi absolute pressure). Mechan
uipment shall be.so constructed that impulse pressure
ate of 25,000 psi per sec will be applied at mid-stroke
s retracting(and remain at 3000 psi for 1/2 cycle, be

- 50 psi.absolute pressure as the piston reaches mid-
posite direction.

ed Ring cycling-Test Procedure: The same O-rings and

reused in Lj.2,6 shall be reinstalled in the test cyli
tions shall be as follows:

te

the following test

tical to those

nce tests in
structed that
der (at which
all be atmos-
cally actuated
£ 3000 psi at a
as the piston
reduced to
stroke in the

back-up rings as
nder, Test con-~

Fluid: SAE Phosphate Ester Test Fluid No. 1
Temperature: 120 F + 10
Stroke: L in. min

Operating Pressure, Hydraulically actuated mechanisms

2600 - 3000 psi driving and 3000 psi min loading

Operating Pressure, Mechanically actuated equipment:
1/2 cycle at 3000 psi, 1/2 cycle at 20 - 50 psi,
absolute pressure. Pressure to change at mid-
stroke,
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Rate of Cycling: 30 cycles per minute minimum. Total
cycles, 10,000 min with thin-walled type cylinders, or-
70,000 min if thick (non-breathing) cylinders are used.

Standby Period: Internal pressure of 3000 psi shall be
applied for not less than 17 hr after every second day's
cycling. Standby pressure shall be 5 - 10 psi during all
other periods.. In no case, however, shall more than
10,000 cycles be made between two standby periods.

All test data shall be recorded.

L.2.7.3.1 Acceptable leakage rates will vary according to the particu test
apparatus used. In no case shall average leakage during the‘enptire
cycling test, including standby, exceed 1.25 ml per 1000 cycles of
operation (approximately 5 drops per 200 cycles) per gland, akage

last 5,000 cycles of operation shall not exceed“10 ml per

The leakage shall be recorded,

ling Test Procedures New packings (as molded with no aging)
e test cylinder and cycled )in the same manner in
the same prooves as specified in h.2.7.3, A1l fest data shall b recarded,

h.2.7.h.1 Teakage|of the new rings shall not exceed the rate allowed in 4.2.7.3.1,
leakage| shall be recorded,

h.2,8 Fatigue Tests: The product shall be capable of meeting the following tests
which shall|be conducted on at least 2-air aged, 2 fluid aged, and |2 unaged
rings of ea¢h size specified in L.2.8L1. Aging conditions shall bg 7 days
at 158 F + 2. Fluid shall be Phosphate Ester Test Fluid No. 1., ALl new
(unaged) O-rings shall withstand-2h hr and all aged O-rings shall wilthstand
16 hr of rotation in the machine without failure and without signs |of
cracking, flaking, wear, or.other deterioration, Test data shall be recorded,

L.2,8.1 Test Specimens: Shalllbe as 1listed in Table 1, unless otherwise specified.

L.2.8.2 Apparatus]{ O-rings shall be mounted in the apparatus shown in Figure 1,
: The driven mandrel’shall be mounted on movable slides such that a| 15%
stretch cgn bemaintained on the rings. The driving mandrel shall ro-

tate at 1750 rpm + 50,

Lh.2,8.3 PFatigue Test Procedure: The 6 rings of each size may be installed in the
apparatus and evaluated simultaneously. The rotation need not be con-
tinuous, but the 15% stretch should not be maintained during extended
periods of no rotation, and the maximum test time specified should be a
summation of only those periods of time in which rotation takes place,

lh.2.9 Chew Resistance Screening Tests: The product shall be capable of meeting
the Tollowing tests, conducted on at least 12 rings in both the aged and
unaged condition. Average chew resistance ratings shall be not less than
88 for the aged samples and not less than 92 for the unaged samples,
Individual ratings lower than 70 in either the aged or unaged condition
shall be cause for rejection of the material for O-ring packing use,
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L.2.9.1 Test Specimens: O-rings having the dimensions shown for test ring size

2,942

ho2.9.3

in Table 1 mounted between two chrome-tanned leather back-up rings
having an OD of 1-1/L in. + 1/6l and a cross-sectional width of 0.123 in.
+ 0,010, - 0,005, Fluid shall be SAE Phosphate Ester Test Fluid No. 1.

Apparatus: Cylinder 2-1/h in. long with 1,0057 - 1,0060 in. diameter

bore designed to withstand 3000 psi operation with internal packing

glands 1/L in. from each end. Packing groove dimensions shall be as
follows: Groove diameter, 1.243 in. + 0.001; bottom corner radii, 1/32

in. *+ 1/6L; top and cylinder bore edge corner radii, 0,002 - 0,008 in.;
gland length, 0,268 in. + 0,005; groove wall surface finish, 8 - 32 micro-
inches. Pressure entry port shall be midway between the packing :
glands. The entire cylinder assembly shall be mounted horizontally and

, ) ) iZontal rod running through the

inder bore. The rod shall be of AMS 6LLO steel, hedt

dness not lower than Rockwell C 60, hard chromiumiplatéd in accordance

h AMS 2406, and finish ground to 0.9987 - 0.9990cin, with a surface

ghness of 8 ~ 16 microinches. The rod shall bé mounted between two

ipidly supported linear ball bushings, 6 in., dpart, such|that total side-

side free play is no more than 0,0002 inch.“ Means shall be provided for

uating the rod through a 5/32 in. stroke-at 300 cpm while maintain- '
the floating cylinder in a fixed position midway between the two

lipear ball bushings. Hydraulic pressure shall be provided for steady

30P0 psi operation.

Chew Resistance Screening Test Procedure:

L.2.9.3.1 Pnaged Samples: A new O-ring packing (as molded) shall |be installed be-

tween two fluid-dipped ledther back-up rings in the two |packing glands
pf the floating cylinder. The cylinder shall then be agsembled on the
Yod, between the two.rod aligning bearings, and 3000 psi steady hy-
draulic pressure shall be applied to the test cylinder. | The rod

shall then be actuwated for 5,000 complete cycles through a 5/32 in,
troke at a rateyof 300 cpm. More than 5 ml average legkage, ar
ailure of the packings to maintain 3000 psi for 5000 cycles, shall be
ause for rejection of the material.

h.2,9.3.2 Aped Samples: Samples which have been immersed in a beaker of test
uid For 7 days at 158 F * 2 shall be installed betweer| two fluid-
ipped leather back-up rings and tested as in L.2.9.3.1.

le2,9.i Rating Procedure: After removal from the test cylinder packing gland,

each O-ring shall be dipped in isopropyl alcohol, dried, and cleaned of
all loose or shredded rubber. A thin cross-sectional wafer (approximately
1/6L in. thick) shall then be cut from each ring at the point of maximum
chew, and a similar wafer shall be cut from an untested ring, using a
ragor blade or similar sharp cutting instrument. The wafers shall be
placed in a shadow-graph or similar projecting apparatus and viewed at a

magnification of not less than 15 diameters and the cross-sectional ares

shall be determined using a planimeter or other suitable device., The
chew resistance rating shall be the percentage of cross-sectional area of
tested to untested rings.

5¢ QUALITY: Parts shall be unifarm in ouality and condition, clean, smooth, and
Iree Irom foreign materials and from imperfections detrimental to fabrication,
appearance, or performance of parts,
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6. REPORTS: Unless otherwise specified, the vendor of parts shall furnish with
each shipment three copies of a report stating that the parts meet the re-
quirements of this specification. This report shall include the purchase or-
der number, material specification number, vendor's compound number, date of
cure, part number, and quantity.

7o IDENTIFICATION: Each ring shall be identified by the manufacturer using a

molded-in color code as specified by the purchaser and shall include a green

dot or dash.

8. PACKAGING:

8.1 Packaging sha
duct, during
will be prote
hazard,

8.2 Each package

9 4 APPROVAL:

bé—a-.ccompiithed SHCR—&8—manne as O a epro—
shipment and storage, will not be permanently distorted, and

cted against damage from exposure to weather or any‘hormal

shall be marked to give the following information:

RINGS, SEALING, SYNTHETIC RUBBER
AMS 7277

PART NUMBER

PURCHASE ORDER NUMBER

QUANTITY

COMPOUND NUMBER .

MANUFACTURER'S IDENTIFICATION

DATE OF CURE

9.1 To assure ade
by purchaser
proval be wai
tially equiva

9.2 Vendor shall
rings as for
compound, or
chaser prior

10. REJECTIONS:
modiTications

uate performance cHaracteristics, compounds shall be approved
efore rings for production use are supplied, unless such ap-
ed, Results ofitests on production rings shall be esseh-
ent to those on’the approved sample.

se the same compound and manufacturing processes for prpduction
pproved sample rings. If necessary to make any change fin mold,
rocessing, vendor shall obtain written permission from pur-

o ineorporating such change.

arts hot conforming to this specification or to authorized
will be subject to rejection.
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