








INTERNAL PRESSURE EXHIBIT A

SEAL
A
Free Height Tol. O Range
(FE: ] U076 f— D025 D52 — 4445
.57 0076 f— 0025 103 — 1016
239 U076 f— D025 254 — 3048
ERE: 0076 A~ 0025 5008 — 10166
356 0D #— O, ooy TeZ —9144
477 0L 2T #— D00 1016 — 12192
6,35 HLI2T #— D00 524 — 18288
953 0127 i— 0,000 3048 — 30480
127 +0L152 #— D000 6100 — 30480
EXTERNAL PRESSURE EXHIBIT B
SEAL
A
Free Height Tol. [ Range
0Es HIUDTE — 0025 902 — 4445
.57 HIUDTE — 0025 103 — 1016
239 +HU0TE i~ 0025 254 — 3048
ERE: +0U0TE /- 0025 508 — 1D 6.6
356 010 f— (. ee Te2—9144
477 127 /— 0, OeeD 101612192
6,35 HL 2T f— 0.0 1524 — | 8288
253 L1 27 #— (. eeD 348 — 30480
|27 +0L1 52 /— 0, 0eeD 61000 — 30480
Loading
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PRESSURE J

The seal is compressed to a8 predetermined height to optimize performance resulting in two uniform contact lines on the face of the seal. As the seal is
compressed it deforms elastically to provide maximum resiliency allowing for maximum sealing.

enting

For pressures ower 70 BAR seals must be vented. In the vented condition the seal utilizes the systemn pressure to equalize the pressure within the seal,
maintaining acceptable seal stresses and preventing the seal from collapsing.

Sealing Surface Finish

The groove and mating flange face must have a surface finish of 18 Ra for plated or coated seals. For gas and vacuum, a finish 4 to 8 Ra is recommended.
Machining toocl marks in groove or flange face must be concentric {circular lay). The seal amd mating hardware surfaces must be free from dirt, grit and other

foreign materials.

CO-Ring Seal Type

Pressure will determine the type of seal that should be selected

Plain

(Mot Self-Energized or Pressure

filled)

Made of metal tubing, usually
stainless steel and Inconelalloys.

This iz most economical O-Ring
seal design. It is used for low to

moderate pressure and vaouum

applications

Utra-high Vaouum to 70 BAR:
Mon Selfenergized

70 BAR and higher

Self-Energizing

The inner or cuter diameter is vented
with small holes or slots. The pressure
equalizes with the system pressure by
increasing the pressure inside the seal
which enhances the performance by
permitting the seal to ecert increased
pressure on the mating hardware.
Intemnal pressure seals are vented on
the |D'and ecterral pressure seals are
vented on the OD.
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METAL 'C" SEALS

Moontown standing for assurance of design, manufacturing and quality in advanced sealing technology

Pressure fluctuations and heat are constant concerns for designers of airaaft engines, valves, pressure transducers exhaust manifolds and fuel injectors. A
combination of these two factors can result in premature failures or short seal life. Moontown C—ing seals can help overcome both heat and pressure
pulsating sealing problems. Key to the seals performance is the high spring badk characteristic due to the C-shaped constructicn. These highly resilient seals
can be used for internal, external and axial pressures under extrerne conditions that preciude the use of gaskets made of crganic materials. This uniguely
fabricated seal configuration is capable of producing relatively high levels of spring badk. The compressicn of the seal in a controlled groove or between two
radial interfaces, produces a counter load, generating an effective sealing acticn that is ideal for these special applications.

Basic Design Characteristics

Moontown C-Ring seals will undergo plastic deformation when installed at the 20% recommended compression. These Caring seals may be reusable in their
original cavities or in cavities that are nearly the same depth as the original.

Cring seals have much lower initial flange load reguirements than Crings. Howewver, it is still high encugh to provide effective smearing of the plating or
coating used on the sealing surfaces. Deflection capability is excellent and it is normally assumed to be about half of the spring badk, however, thisisa
functicn of the operating conditicns and the required |eakage rate.

Determining factors in seal selection

In the zeal zelection procesz, the designer should slwaye keep in mind the following mules.
& There is a direct relationship between seal ©.0. and free height

& |Larger free height always provides a better performing, more consistent seal

The seal selection is a process of optimizing design limitations, size, available load, spring back, design requirements and cost

The most important factors in C-ring seal design are:

# Maximum pressure and direction
® Allowable leakage rate

& Extrerne operating termperature
& Available flange load

High Performance Metallic Seal Types:
# |[nternal pressure

# External pressure
® Axial pressure
Deflection Capability

We define this as the ability to continue to seal as the flanges separate under pressure. This functicn is related to free height, material type, heat treatment
and diameter. All things being equal, the larger the free height the more resilient the seal. More resilient seals allows for some tolerance on flanges which
are gut of flat and parallel.

Material Types, Platings and Coatings

Moontown Cring seals can be made of almost any alloy that can be formed. However, because strength and temperature properties are the primary
technical consideration, we produce our seals primarily from Alloy X750 or 718 materials. Other high temperature alloys are also available.

Moontown C-Ring Seals

Where very low leak rates are demanded, Cwing seals are plated or coated to provide a relatively soft surface which flow into the minor imperfections of the
flanges at installation. Plating or coatings will not compensate for poor surface finishes on the mating hardware. The selection of plating or costing is based
on the allowable leak rate, the viscosity (density) of the fluid, flange roughness and the application temperature.
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INTERNAL PRESSURE EXHIBIT A

SEAL A
C A :
—— — —— § 7 A
- | ]
.19 +-0.05 635 — 3452 ! | - T - ‘
157 +- 0,05 9521016 e .
239 +i- 0,05 19,00 — 152.4 f % | ;
118 +-076 254 - 9140 m /4
156 +-1076 3175 - 9140 &
477 +-0,10 508 — 12200 OPEN GROOVE E CLOSED GROOVE
635 +-0.10 101.6 — 3048.0 B
952 +- 0,10 3048 — 30480 :
127 +-0,13 6100 — 30480
EXTERNAL PRESSURE EXHIBITB B
SEAL .
c A |
Free Height Tol. ID Range YL A
079 +- 0,05 475254 - N N
119 +- 0,05 6,35 — 3492 + | i
.57 +- 0,05 952 — 1016 c 1|
139 +- 005 19,00 — 1524 ﬁ * | ﬁ
118 +-0.76 254 — 9140 b I EE% £ g o
396 +-076 3175 —9140 £ i g
477 +-0,10 50,8 — 12200 @ OPEN GROOVE | CLOSED GROOVE 2
8,35 +- 0,10 01,6 — 30480 & ' 5
952 +-0.10 3048 — 30480
127 +-0.13 6100 — 30480

AXIAL PRESSURE EXHIBIT C

C
SEAL
c A
Free height OD Range £ P -
115 57350
157 95— 1016 _
239 19,0 - 185.0 ] oA l
118 445 — 2540 \ |
396 508 — 2540 ‘
477 76,0 — 3043
635 127.0 - 3048 '
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METAL SPRING ENERGISED 'C' - SEALS

Operating Conditions

The Moontown high performance seal has a ternperature range from cyogenic to 1100 *C at pressures from 1210-10 Tom to 8800 BAR. These seals are
normally not affected by comesion, radiation or other adverse environmental conditicns, provided the seal material is compatible with the medium.

Seal Design Concept

The Moontown high perfformance seal is a self and pressure activated design. When the seal is compressed to a predetermined deflection, sealing stresses
are generated by the resilient jadket and spring. Additicnal seal energization is achieved when system pressure is intreduced, inocreasing seal loading. Unless
otherwise engineered, the system pressure is applied to the open side of the seal.

High Performance Metallic S5eal Types:
#* Internal Pressure

& BExternal Pressure
* Axial Pressure

Moontown High Performance Seals use the compression of the mating hardware contact surfaces, and the system pressure or vacuum to provide an effective
metal leskproof seal. The Moontown utilizes high temperature alloys for both jadket and springs. The proper combination of the base materials and surface
coatings make it possible to seal practically any fluid at extrerne temperatures or pressures without detericration owver extended pericds of time.

Moontown High Perfformance Seals provides superior performance for the most internal, external and axial applications such as:
& Low Pressure - Ultra high vacuum

# High pressure to 8500 BAR
* |ow temperature to -253°C
& High temperature to 1100°C

Because of these capabilities, Moontown high perfformance seals are widely used in critical and demanding applications, including:
® Missile and space systems

® et engines, controls, and instruments

# High temperature aircraft systems

# HMNuclear reactor & waste containment systems

# [iesel engines

# Chemical, pretro-chemical processing systems
Ohynamic Applications

Moontown high performmance seals are ideal metallic seals for limited reciprocating and rotating motion, involving fluids and gasses with systemn pressures up
to 2000 BAR ocryogenic to high termnperatures. The seal design and the unigue forming and fabricating process provides a metal seal that maintains contact
with the dynamic sealing surfaces. The energizing spring exerts uniformn pressure on the jadeet and keeps pre-set load on the seals. This unigue design
requires moderate sliding force, which can be adjusted to prevent seal detericraticn and surface damage in dry or poorly lubricated applications.

Design Considerations For Non-Circular Shapes
Moontown high performmance seals are made in circular and non-circular configurations. The non-circular shapes in most cases require special tooling. There

is also a very important relaticnship between the free height and the comer radii on these seals. Some of the non-circular shapes we are cumently preducing
are a5 follows:

& Square

& Rectangular
® sl

* FHacetradk

n email mooneownBntworidcom  tel:+44{0]115 S532718  fax-+44[0]115 968 1850




INTERNAL PRESSURE EXHIBIT A

SEAL
C A
Free Height Tol. 0D Range
157 +- 005 127 - 1016
139 +- 0,05 254 — 1524
318 +- 0,076 31.75-914
396 +- 0,076 3175 -914
477 +-0,10 508 - 1219
6,35 +-0,10 1016 — 3048
952 +-910 3048 - 3048
127 +-0,13 610,0 - 3048
EXTERNAL PRESSURE EXHIBITB
SEAL
C A
Free Height Tol. ID Range
157 +- 005 127 - 1016
139 +- 0,05 254 — 1524
318 +- 0,076 254 — 914
396 +- 0,076 3175 -914
479 +-0,10 508 - 1219
6,35 +-0,10 1016 — 3048
952 +-0,10 3048 - 3048
127 +-0,13 610,0 - 3048
AXIAL PRESSURE EXHIBITC
SEAL
C A
Free Height 0D Range
|57 635 1016
239 127 - 889
118 44,48 — 3540
39 508 — 25410
477 762 - 3048
6,35 1270 — 304.8
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METAL 'E' RING SEALS

EXTERNAL PRESSURE

INTRODUCTICN

E-Rings (E oross section seals, convolution seals) are engineered
to operate in applications that require light lcading, flexikility and
high temperature capability. E-Rings cperate primarily within the
elastic limits of the material. The superior flexibility or springbadk
characteristics are important when used in cavities that
experience large amounts of separation during normal operation.
Applications include gas turbine engine housings, hot air ducting,
exhaust manifold couplings and ball valve seat seals. This type of
metallic seal exhibits wery good fatigue resistance.

PLATINGS & COATING

In static applicaticns, platings and coatings offer only minor
sealing enhancement due to the low force and resultant low
sealing stress. In higher pressure applications, the stress can
inorease to allow the plating to smear into the cavity
imperfections. |n dynamic applicaticns where the seal is
subjected to fluctuating loads and cavity changes, the plating
will work between the seal and the cavity improving sealing and
also lubricating the two components. Cobalt-Molybdenum-
Chromium-Silicon alloy coating can be applied to the seal
surfaces to protect the seal from wear and fretting. Please
consult ASE engineering for assistance with plating and coating
selection for your specific applicaticn.

LOAD & SPRINGBACK

E-Rings have excellent load deflection relaticnships up to the
cavity depths shown in table 1. Seating loads shown in the
tables are typical for the varicus oross sections compressed

to the cavity depth shown. The compression load requirements
are very low with higher springbads compared to other metallic
seal types. The load requirements will inocrease proporticnally
to systemn pressure, extending the springbadk capability in
extreme conditions.
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INTERNAL PRESSURE

F il T AT

o

MATERIAL S

Inconel X-750 Specification AMS 5508, 5687
Service Temperature up to 730°C

Inconel 718 Specification AMS 559, 5883
Service Temperature up to 2800°C

Waspaloy Specification AMS 5544
Service Temperature 925°C

HEAT TREATMENT

E Seals will b2 annealed, depending on complexity of form. Final form is
solution annealed and age hardened (long cycle).

amait moontown@nthvoridcom tel+44(0] 115 5522718 fex+44(0]115 968 189590
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METAL 'E' RING SEALS

EXHIBIT A: INTERNAL PRESSURE

E
{ ' ?ﬁr /
\ w F\/C
¢ b R— 1
T TN
— M -—‘ e r | -G =
oA -- " |
OPEN GROOVE CLOSED GROOVE
0A =D + Z + 2P
| MAX MAX
! L L LA PLATIMNG THICKKNESS
| DIAMETRAL CLEARANCE FROM TABLE
— MINILIW GROOVE DIAMETER
TOLERAMLCE MY
SEAL DIMENSIONS (MM) GROOVE DIMEMSIONS
C A z M T D F CA R
FREE HEIGHT ~ O.D. RANGE DIAMETRAL MAX SEAL MATERIAL GROOVE DIA. DEPTH
Tolerance hil  CLEARANCE WIDTH THICKMESS Tolerance HI0  MIN/MAX
.91 +- 0,076 38-305 0.076 1.68 0.152
245 +- 0,076 57457 0.076 211 0.203 A 1.55/1,60 229 0.38
174 +- 0,127 57457 0.076 1.68 0225 A 1.90/2,03 275 0,50
174 +i- 0,076 50457 0.076 231 0,254 A 2.16/2.26 432 0.50
3.35 +/- 0,076 63812 0.127 3.02 0.203 A 2.16/2.26 152 0.50
355 +/- 0,127 63812 0.127 450 0,305 A 2.84/2.99 3.68 0.76
355 +- 0,127 57812 0.127 310 038 A 2.95/3,05 584 0.76
554 +- 0,127 50-1220 0.152 470 0,381 A 2.95/3.05 4,06 0.76
749 +- 0,152 |50-1524 0.203 6,51 0.508 A 455/4.65 5.84 102
A 6.22/6.35 8,00 152
PERFORMAMNCE
SEATING SPRINGEACK WORKING PRESSURE TOLERAMNCES
LOAD (Kg/mm) mim (BAR) MOMINAL SEAL TOLERANMCE  CAVITY TOLERANCE
circumference DIAMETER RANGE (h11) +- .000 (H10) +-.000
0.63 0.23 105 610 0.076 0,051
0.66 0.46 140 10-18 0.102 0.076
0.72 0.46 205 18-30 0.130 0.084
152 036 345 30-50 0.160 0.100
0.63 0,61 140 50-80 0.150 0.120
0.8 0.56 240 80-120 0.220 0.140
1.07 0.51 240 120-180 0.250 0,160
0.58 0.86 140 180250 0.250 0.185
134 114 140 250-315 0.320 0210
315400 0.360 0.230
400-500 0.400 0.250
500-760 0.500 0.300
760-1050 0.630 0.400
1050-1425 0.760 0.500
| 425-1540 0.100 0,630
1540-2560 0.127 0.760
NOTES:

1. GROOVE MAMETER AS SUPPLIED BY CUSTOMER

2. MATERIALS: ALLOY T18 PER AMS 5596, 5663 . WASPALOY PER AMS 5544

3. FOR APPLICATION S ABOVE 315°%C CON SULT MOONTOWN

_n
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METAL 'E' RING SEALS

EXHIBIT B: EXTERNAL PRESSURE
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'-“ |-l—
PRESSURE J

0D -
OPEN GROOVE CLOSED GROOVE
A =D - z - 2P
MIN LMA}:
L L MANRILM FLATING THICKMESS
DIAMETRAL CLEARAMCE FRDid TARLE
MINIMUW GROOVE MAMETER
TOLERANCE h11
SEAL DIMENSIONS (MM) GROOVE DIMENSIONS
C A z M T D F GA R
FREE O.D.RANGE  DIAMETRAL  MAX.SEAL  MATERIAL GROOVEDIA. DEPTH  MINIMUM  MAX CORMER
HEIGHT  Tolerance hll CLEARANCE  WIDTH  THICKMESS Tolerance HIO ~ MIN/MAX ~—~ WIDTH RADIUS
|.51+i- 0,076 38-305 0.076 |68 0.152
145 +/- 0,076 57457 0.076 211 0.203 A |.55/1,60 229 0.38
174 +-0,127 57457 0.076 168 0229 A |.50/2,03 279 0.50
174 +- 0,076 50457 0.076 231 0.254 A 1167226 4312 0.50
3.35 +/- 0.076 63812 0.127 3.02 0.203 A 2167226 292 0.50
355 +- 0,127 63812 0,127 4390 0.305 A 1E4255 3.68 076
355 +-0.127 57812 0.127 310 038l A 2.95/3.05 584 076
554 0,127 50-1220 0.152 470 0381 A 2,.95/3,05 406 076
749 +/- 0,152 150-1524 0203 68| 0.508 A 455/4,65 5,84 102
A\ 6.22/6,35 8,00 .52
PERFORMAMNCE
SEATING SPRINGEACK WORNKING PRESSURE TOLERANCES
LOAD (Kg/mm) i (BAR) NOMIMAL SEAL TOLERAMCE  CAVITY TOLERANCE
I DIAMETER RANGE (HI 1) + 0000 (h10) +/-.000
0.63 0.3 105 &-10 0.09 L
066 0.46 140 10-18 0.110 0.070
072 046 208 12-30 0.130 0.084
152 0.36 345 30-50 1L 0100
0.63 06! 140 S0-50 0.1%0 Ll
0.81 0.56 240 £0-120 L] 0,140
1.or 051 240 1 20- 180 0,250 0,160
0.98 0.86 140 |80-250 0.2%0 L
.34 114 140 50-315 ELT 0210
315400 0.360 0.230
400-500 0.400 0.250
500-760 0,500 0.300
760-1050 0.630 0.400
1050- 1425 0.760 0.500
| 4251940 0,100 0,630
1940-2560 0.127 0.760
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