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3. INTRODUCTION

The mechanism of blow-by (see Figure 1) was described in an Air Force report in December 1965 which was issued
following an XC-142 accident. This report has been updated and is attached (see Appendix A). Tests conducted by
Vought Aeronautics Division, LTV Aerospace Corporation established that blow-by was a contributing factor to the
accident.

Following is an excerpt from a magazine article prepared by J. R. Crissey of Vought entitled "How to Avoid the Blow-by
Phenomenon" which addresses the XC-142 accident and contributes further to an understanding of blow-by. The text

has been edited to include modern practices and references to current SAE standards and specifications.
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4. CONTROL OF DIAMETER CLEARANCE (SEE FIGURE 1)

Excessive diametral clearance may cause deformation (feathering into the extrusion gap) of the cap seal. This
deformation may close off the seal side wall clearance, hence reduce the rate of pressure response of the seal assembly
during rapid increase in hydraulic pressure. Diametral clearance per ARP1233 and AS4716 will serve to reduce the
relative cap-strip seal deformation but will not in itself prevent blow-by.

Also, the cylinder designer should consider the increase in clearance due to cylinder pressures. A reinforced PTFE cap
seal material per AMS3678 is recommended to reduce seal deformation under conditions of long or repeated exposure to
high temperature over 275 °F (135 °C) and pressure over 2500 psi (17.25 MPa)

Low O-ring squeeze due to high clearance and/or groove diameter can also contribute to blow-by. AS4716 requires a
minimum of 0.005 in (0.13 mm) squeeze which is an improvement over previous standards

EXCEZSS CLEARANCE MAY

CAUSE SEAL DEFORMATION —
e —a— HIGH
m PRESSURE

LOw
PRESSURE

8L OW-BY

FIGURE 1 - EFFECT OF EXCESSIVE CLEARANCE OF PISTON IN CYLINDER|BORE
5. USE OF CAP-STRIP SEALS WITH ADEQUATE SIDE'WALL CLEARANCE (SEE FIGURE 2)

The difference between| the maximum axial length of the cap seal and the minimum length of tHe groove should not be
less than shown in Tablg¢ 1 to ensure rapid pressure response.

TABLE 1 {MINIMUM AXIAL.CAP CLEARANCE IN RELATION TO O-RING CROSS|SECTION

. Minimum
O-Ring. Side Wall
Cross-Section
Clearance
W
A
inches millimeters inches millimeters
0070 178 0010 025
0.103 2.62 0.010 0.25
0.139 3.53 0.012 0.30
0.210 5.33 0.014 0.35
0.275 7.0 0.016 0.41
A
PRESSURE

FIGURE 2 - CAP SEAL SIDEWALL CLEARANCE
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6. USE OF SIDE WALL NOTCHES ON PISTON (OD) CAP-STRIP SEALS (SEE FIGURES 3 AND 4)

In addition to the recommended diametral clearance and side wall clearance, notches in the seal side walls should be
used to provide rapid pressure response and prevent blow-by. Recommended notch detail is shown in Figure 3.

Notches may not be practical on cap seals with less than 0.030 in (0.76 mm) radial thickness and less than 0.060 in
(1.52 mm) axial length. Anti blow-by design recommendations for small cross-section seals are available from seal
manufacturers and will vary with installation and service requirements. Procurement activity approval or testing is
recommended.

Time in use, particularly at high temperature or high pressure or both, may cause distortion of the cap seal sufficient to

restrict the effectiveness of the side wall notches. Chamfers can be used to improve the effectiveness of notches and
also to extend the service life of the notch (see Section 7)

UP TO 2" DIA., NOTCH 2 PLCS. EA. SIDE. -010-.-.{
OVER 2" DIA.,, NOTCH 4 PLCS. EA. SIDE. .015
NOTCHES ON ONE SIDE MUST NOT

COINCIDE WITH NOTCHES ON
OTHER SIDE. 0105

V/d =
&—l— 1 -4

FIGURE 3 - RECOMMENDATIONS FOR SIDEWALL NOTCHES IN PISTON CAP SEAL

7. USE OF CHAMFERS ON,R{STON (OD) CAP SEALS (SEE FIGURES 4 AND 5)

The effective life of side|wall'notches can be extended by incorporating chamfers in the cap seal that reduce the tendency
of the notches to close 'off withseatuse—The chamfers may betocatateachnotchomtheoutside diameter of the cap
seal (see Figure 4) or circumferential chamfers may be used along the outside corners of the seals (see Figure 5).
Circumferential chamfers are also effective in reducing the cap seal deformation shown in Figures 1 and 5. Testing is
recommended.
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it 025

UP TO 2" DIA, NOTCH 2 PLCS. EA. SIDE. 010 030
OVER 2" DIA., NOTCH 4 PLCS. EA. SIDE. ‘015 I —
NOTCHES ON ONE SIDE MUST NOT

OTHER SIDE.

COINCIDE WITH NOTCHES ON . f
015 45°

/A l

FIGURE 4 - CAP SEAL WITH CHAMFERED NOTCH
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UP TO 27 DIA., NOTCH 2 PLCS. EA. SIDE. .010 |

OVER 2" DIA., NOTCH 4 PLCS. EA. SIDE. .015
NOTCHES ON ONE SIDE MUST NOT

COINCIDE WITH NOTCHES ON 010 L
OTHER SIDE. 013

, o

]

.015
.025

CAPSEAL WITH NOTCH ANDCCIRCUMFERENTIAL CHAMFER

SEAL AFTER DISTORTION

AL AS INSTA HAS OCCURRED

CHAMFER ENSURES RAPID PRESSURE RESPONSE

EVEN IN THE PRESENCE OF DISTORTION.

FIGURE 5 - RECOMMENDATIONS FOR SIDEWALL NOTCHES IN PISTON CAP SEAL WITH CHAMFERED EDGES
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8. USE OF HIGH MODULUS MATERIAL BACKUP RINGS WITH PISTON (OD) CAP SEALS (SEE FIGURE 6)

Backup rings made from high modulus material such as polyamide (note temperature limitations), polyimide,
polyetheretherketone (PEEK) or filled PTFE compatible with system operating parameters, may be located in the groove
adjacent to the cap seal to protect the seal against extrusion. Adequate side wall clearance (0.010 in (0.25 mm) min) will
ensure rapid pressure response of the cap seal. Notches in the backup rings on the radial surface facing the groove side

wall can also be used advantageously to increase the fluid pressure response.

backup ring to prevent misassembly.

FIGURE 6
CAUTION 1: The O-rin
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9. USE OF PISTON HEAD CHANNELS AND DRILLED HOLES (SEE FIGURE 7)

Channels in the piston head which admit fluid pressure into the seal groove will ensure rapid pressure response. A
0.010 in (0.25 mm) wide channel is effective. Channel depth should not exceed the minimum side wall height of the cap
seal to avoid extrusion of the elastomer into the channel. Two to four channels are recommended on each side of the
seal groove. Testing is recommended.

Drilled holes through the piston head can be used as an alternative to the piston head channel. Holes must be located in
the seal groove so that the cap seal prevents O-ring extrusion into the hole. The number of holes and hole size will vary
depending upon design requirements and limitations.

CAUTION: Experience with the design practice of using channel and drilled hole techniques to ensure rapid pressure
response is limited. Testing is recommended.
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FIGURE 7 - H
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