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1. Introduction

Lightweight design and the constant increase of capacity lead to highly stressed
components with deformations at critical areas such as joints, sealing flanges,
bolting elements, and attached housing areas. The need for better environmental
awareness with zero leak requirements for flanged joints increases the difficulties
for the designer.

To ensure the zero leak requirements are met, it is essential that the joint be
designed in accordance with gasket-specific guidelines. It is the intention of this
guide to give general design considerations that are gasket-type independent
and specific guidelines for liquid gaskets such as formed-in-place gaskets with

anaerobic cure and room temperature vulcanizing elastomeric FIP sealants.

The design guidelines are based on results obtained by dynamic fatigue tests,
the analysis of existing gasketed joints, experience, and the results of analytical
and numerical calculations within Henkel**°2® and independent institute’.

The general design considerations described in Section 3 summarize the gained
knowledge of three projects at the University of Stuttgart sponsored by the
Forschungvereinigung Antriebstechnik, in which Henkel is an active partner.
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2. Definitions

A gasket is a material positioned between two flanges which are held together by fasteners. Gaskets prevent leakage
of fluids or gases by completely filling the space between the surfaces of the flanges. It is necessary for the seal to
remain intact and leak-free for a prolonged time. The gasket must be resistant to the medium being sealed and able
to withstand the application temperature, pressure and micromovement of the joint.

Seals are classified as static or dynamic, depending on whether the sealed parts move relative to each other.
A rotating shaft in a housing is an example of a typical dynamic system. While flanges are classified as static systems,

they encounter small “micromovements” because of vibration, temperature changes, pressure changes, shock,
impact or transmitting loads.

The static gaskets or seals are categorized as shown in figure 1.

Static Gaskets or Seals

Solid Gaskets Liquid Gaskets

Single Layer Steel (SLS)

Multi-Layer Steel (MLS) DR A TR ()

Soft Gasket Material (SGM) Cured-In-Place (CIP)

Composite (Com) Injected-In-Place (11P)

Molded-In-Place (MIP)

Figure 1: Gasket Types

FIP (Formed-In-Place) Gaskets are formed by the application of a bead or by screen print of liquid elastomer or
anaerobic sealant, which is then assembled in the uncured state. On assembly, the sealant spreads between the
flanges and is forced into surface imperfections to provide total contact between the two faces, and cures to form
a durable seal.

CIP (Cured-In-Place) Gaskets are formed by the application of a bead of liquid elastomer that is cured before
it is compressed.

IIP (Injected-In-Place) Gaskets are liquid gaskets that are injected after the assembly of the joint into a groove
between the two flange faces and then cured.

MIP (Molded-In-Place) Gaskets are molded directly onto one of the mating parts, usually into a groove.
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3. General Design Considerations

3.1. General Guidelines'

For the design of highly stressed gasketed joints, the following basic rules should be adhered to:

> Flange pressure distribution
It is necessary to achieve uniform flange pressure distribution within the permissible limits — which include the
critical minimum sealing stress of the gasket and the admissible compressive strength of the flange material and
the gasket.

> Operating load of the gasketed joint
The gasketed joint has to be as rigid as possible in order to minimize deformations and relative movements.

While following the above-mentioned requirements, it is essential to follow
the rules explained below for the design of joints independent of the sealing
material:

> Rigidity of sealing flanges
The rigidity of the sealing flange is indicated by the pressure distribution in
the seal joint. Select the amount of rigidity correctly, so that the critical sealing
stress of the gasket is reached in all flange areas

> Bolt preload
In order to minimize the loss of initial bolt load due to the relaxation of the
gasket, it is necessary to ensure sufficient compliance of the flanges and the
bolts (preload reserves).

> Consider different thermal expansions
Due to different thermal expansions of aluminum housings with steel bolts, a
cold environment can cause greater contraction of the aluminum flange and
unload both the flange and the gasket. The minimum flange pressure required
for a leak-free joint might then be compromised. High temperatures have
the opposite effect, increasing the bolt and gasket load. In this case, the yield
strength of the bolt and the compressive strength of the flange and the
gasket are the limiting factors. Bolts and housings should have the same
thermal expansion coefficient, if possible.

> Stress and strain of the gasketed joint caused by external forces
In cases where the entire housing acts as a structure, the gasket joint should be
as far as possible from the location where the forces feed into the housing.

> Compressive stress distribution in the seal flanges
For optimum distribution of the bolt clamping load along the flange to the
mid-point between the bolts, the bearing area of the bolt head should be as far
away from the sealing area as possible. If the sealing area is in the middle of the
effective bolt length (see figure 7), the adjusting compressive stress distribution
in the housing is optimized. The theoretical straight connection lines between
bolts (see figure 4 and 5) should not deviate significantly from the centerline of
the gasket to allow a uniform compressive stress distribution within the whole
flange width.

> Adjusting the flange width to the compressive stress distribution
The bearing surface of the joint should be enlarged in the area of the bolt and reduced at mid-point between the
bolts in order to obtain a more uniform compressive stress distribution in the seal joint.
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3.2. Basic Design of Housings'

To develop a suitable sealing concept for the housing, the following basic rules for the basic design are recommended:
> Create small, spherical housing openings
> Use same materials for the seal flanges

> Try to achieve uniform temperature distribution

3.3. Flange Rigidity’

The operational safety of a gasketed joint can be strongly influenced by varying the flange rigidity. The compressive
stress distribution in the seal gap and in the flange between bolt head and seal gap indicates the rigidity of the joint.
Figure 2 shows three possible variations of flange design and their influence on the component rigidity.

Figure 2: Evaluation of the
flange design in regard to
the compressive stress
distribution (qualitative),
stiffening ribs, bosses at
bolt location - Best Solution
Bottom One'.

0000000000
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As flange rigidity decreases, the more complicated it will be to obtain the required minimum surface pressure at
mid-point between two bolts. Figure 3 is based on external research work’ and illustrates the influence of flange
rigidity on the use of static gasket types. Soft gasket material and non-curing liquid gaskets are only suitable for
flanges with adequate bending rigidity. If the minimum bending rigidity value is reached at the flanges, a change to
anaerobic formed-in-place gaskets or embossed single-layer or multi-layer steel gaskets is required. The range of
application for anaerobic formed-in-place gaskets is even wider, covering the whole range of very rigid flanges to
flanges with medium rigidity.

Internal research work*' has shown that in cases where the required minimum surface pressure for anaerobics is
not achieved or in cases of flexible flanges, like metal sheet parts, elastomeric formed-in-place gaskets are suitable.
The gasket has to become even more flexible with the potential to flex in bowing and shearing direction due to
additional integral design features such as designed gaps, chamfers or retention grooves (see Section 6).

L
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Variations A-A Figure 3: Influence of flange
rigidity on the use of static
gasket types demonstrated
™ ™~ ~ on cast parts.
Rigidity 000000 000000 000000 000000 @®O00000
Light-Weight @®0O0O0OO 900000 000000 000000 000000
Preferred | Soft Gasket Material (precut) | Silicone FIPG
< > -
Range Of I Non-Curing Liquid Gasket (solvent-based) I .
Application Anaerobic FIPG
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3.4. Bolt Positioning and Spacing’

The best clamping pattern is invariably a combination of the maximum practical number of bolts, even
spacing and optimum positioning.

> Straight lines drawn from bolt to bolt, called bolt force lines, should be as close to the centerline of the gasket as
possible to achieve uniform flange pressure distribution and avoid separation of the flanges due to potential prying
(see figure 4).

Figure 4: Evaluation of the
distance between bolt force
lines and centerline of the —
gasket in regard to the com-
pressive stress distribution
in the seal gap.’

centerline
of the

gasket ! force line

0000000000 0000000000 0000000000

flange gasket centerline of the gasket on
the flange face

Distance e
should be as small
as possible T

force line between bolts
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In addition, the position of the bolts is very important for the design
of flange corner locations.

Figure 5 shows different design variations and their valuation.
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Figure 5: Evaluation of the
‘ 0000000000 position of the force lines to
the centerline of the gasket
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Theoretically, the bolt spacing can be calculated using the idealized model proposed by Rétscher. Rotscher’s model
says that the compressive stress in the flange between bolt head and seal gap is distributed as a cone with a half
angular aperture of 45° as shown in figure 6. For optimum bolt spacing, the pressure cones should at least touch each
other or preferably overlap as demonstrated with the half angular aperture of 27°. Rétscher’s model recommends
overlapping cones for bolted joints without gaskets. For gasketed joints, research projects' have shown that touching
cones with a half angular aperture of 45° or greater are useful for the calculation of bolt spacing. For highly stressed
gasketed joints, bolt spacing between the two limits 27° and 45° is recommended.

l

Figure 6: Pressure Cone
according to Rotscher.

| di+h <G< d+2h
|

> d, ... diameter of the bearing area of the bolt head

The equation shows that the flange rigidity as well as the effective bolt length are important parameters for bolt
spacing. Figure 7 shows the resulting compressive stress distribution in the joint with variations of these parameters.
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.5. Bolt Grade and Length

Select a bolt where the required initial bolt load is 80% of the proof load.

Select a bolt that an initial bolt load of roughly 3 to 3,5 times the normal operating tensile loads can be applied
(internal pressure, temperature effects, and external loads).

Rule of thumb - when the length of the bolt is five times greater than the diameter, it can be elongated sufficiently
to work as a spring between two flanges and dampen vibration.

Optimum thread engagement length for steel is 1,2 times the diameter of the bolt; for cast iron, it is 1,5 times;
for aluminum, it is 1,6 times plus the tolerance for the run out of the thread, for dynamic loading plus 20%.

. |
\l
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Figure 7: Influence of the
flange design on the com-
pressive stress distribution
of the flanges.’
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3.6. Flange Design Verification

One of the basic rules for the design of highly stressed gasketed joints is to achieve a uniform flange pressure distribu-
tion within the gasket-specific permissible limits. It is necessary to know in the early stages of the design process if
the required flange pressure is achieved in the seal gap.

The flange pressure distribution can be evaluated in a very early state with a Finite Element Analysis (FEA) or later on
prototypes using a pressure-sensitive film, manufactured by Fuji Photo Film Company. A completely new design will
rely on both systems since the FEA allows the design optimization in a cost effective way and the imprint of the pres-
sure sensitive film is needed for the confirmation of the numerical calculation.

To evaluate the stress distribution, the film is pre-cut to the shape of the mating flanges and holes are pre-punched
for the fasteners. The film is then placed between the flanges and the bolts tightened to the specified torque. When
pressure is applied, microcapsules break and a color-forming material is released. The microcapsules are adjusted to
break at different pressure levels, the resulting color density is dependent on the amount of pressure. Thick red color
indicates the applied pressure is high while fainter shades indicate the applied pressure is low. Using a commercially
available Fuji densitometer, impression color density can be directly converted to stress readings.

A disadvantage of the system is that only the maximum applied force is recorded whereas the unloading of the gasket
under operating conditions such as temperature, pressure or dynamic loads cannot be measured. These effects have
to be evaluated by FEA. The film gives an indication of the weak points in gasketed joints, such as areas with low or no
flange pressure, and focuses the FEA on these points for optimization. The film also shows machining marks and prob-
lems with flange mating tolerances, such as flatness and overlapping.

Besides the FEA, real-time flange pressure mapping is possible with the Tekscan thin-film pressure profile measure-
ment system at the prototype stage. A high-resolution, matrix-based tactile sensor is placed between the flanges.
The software supplied with the sensor is capable of dynamic data collection and display where pressure cycling or the
recording of an event might be important.
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3.7. Surface Finish

Surface finish or surface textures are terms used to describe the general quality of a workpiece surface. Surface finish
consists of roughness, waviness, lay and flaws. Bearing and locating surfaces usually require close dimensional and
surface finish control for proper functioning.

The surface finish is most important for conventional gaskets, since the initial compressive load required to deform
the gasket into the flange surface irregularities increases with rougher surface finish.

For FIP sealants, the surface roughness has no influence on the initial compressive load because the product is in
the fluid state during the assembly process; however, it does have an effect on the formation of the sealant layer
thickness.

> At higher surface roughness Ra >3,0 pm (ten point height Rz >17 um), metal-to-metal contact is achieved
independent of the compressive stress.

> At lower surface roughness Ra <o,3 pm (ten point height Rz <3um), FIP sealants tend to generate an adhesive
layer which decreases with increasing flange pressure. Metal-to-metal contact is achieved only in the areas near
the bolts. (The actual metal-to-metal contact between the most carefully finished interfacing parts does not
exceed 25-35%.)

> Surface finish is important for the cleaning of the surface prior to sealing because flange contamination becomes
more difficult to remove from rough surfaces.

> Blowout resistance decreases with increasing gaps. Therefore, surface finish is important for blowout pressure
tests during assembly when the FIP sealant is still in the uncured state.

The surface characteristics are determined primarily by means of electrical stylus instruments according to
DIN EN I1SO 4287:1998. The two most common measurements of surface finish are Ra and Rz, as shown in figure 8.

Mittel-
linie

. Figure 8: Ra and Rz
Ra= I_rcﬂ Z(x) |dx according to DIN EN ISO
4287:1998.

A A
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Ra is the mean value of the absolute values for the profile deviations within one individual measurement section Ir.
Rz is the maximum peak-to-valley height within one individual measurement section Ir.

The former used ten point height Rz is the mean value of the absolute values of the heights of the five highest
peaks and of the five highest valleys for five individual measurement sections within the evaluation length

(Rz > ten point height Rz).

The Ra value alone is not sufficient to determine roughness, since different surface textures can have the same Ra
value, as visualized in figure 9. At least Ra and Rz should be measured, but using Ra, Rz, Rmax and Wt provide a

more accurate picture.

Maximum peak-to-valley height Rmax is the greatest individual peak-to-valley height of the entire measurement
section In (=5 x Ir).

Wt is the maximum profile height of the filtered waviness profile within the entire measurement section In.

(Ll Errarar)

Ra=2pm Ra=2pm

Figure 9: Different profiles
with the same Ra values.

SN ez

Ra=2pm Ra=2pym
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4. FIPG Application Areas, Advantages over
Solid Gaskets

Unlike conventional gaskets, FIP technology does not require extreme compressive loading to form a seal, due to
the adhesion of the cured FIPG to all the members in the joint.

The main benefits of FIP over solid gaskets are:
> No gasket relaxation - FIP sealants allow metal-to-metal contact in most applications, which ensures correct bolt

tension throughout the life of the assembly and eliminates the need for retorquing.

> Non-shimming - The metal-to-metal contact eliminates the need for gasket thickness, so tolerances can be more
accurately maintained.

> Relaxed surface finish - FIP sealants allow relaxation of surface finish and flatness tolerances. Scratches and
scored surfaces can be sealed without rectification of the damaged surfaces.

> Chemical compatibility — FIP sealants demonstrate good to excellent solvent resistance.

> Reduced inventory costs - FIP sealants can seal different flange geometries, unlike solid gaskets that require
stocking many different gaskets to fit the different geometries.

> Automatic application - FIP sealants can be applied by fully automated robotic dispensing or screen or stencil
printing systems.

> Easier handling of vertical components — FIP sealants can be applied to both horizontal and vertical flange faces.
Unlike solid gaskets they do not require additional adhesive to maintain their position on vertical flange faces.

> Reduced hydrocarbon emissions - The reduced seal gap decreases hydrocarbon emissions compared to
solid gaskets.

To achieve the required sealing performance on a wide range of flanges, two types of FIP sealants are
frequently used:

> Anaerobic sealants

> Room temperature vulcanizing elastomeric FIP sealants
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Anaerobic Sealants

Anaerobic sealants cure in the absence of air and the presence of metals or other active surfaces.
These products are best suited to seal rigid flanges, which are designed to:

> Achieve optimum stiffness between two mating parts

> Minimize movement between two parts

> Transmit forces from one part to another

Typical examples of rigid flanges are found in vehicles include gearbox housings, bedplate to crankcase, water
pump to engine block and cam cover to cylinder head.

Anaerobic FIP sealants are used for rigid bolted joints because they:

> Offer metal-to-metal contact

> Ensure correct bolt tension

> Accurately maintain final dimension tolerances

> Add structural strength and reduce micromovement

> Can be easily disassembled by applying a cleavage load to the joint
> Offer high-pressure resistance if sufficient clamp load is provided

> Offer extensive on-part life when exposed to air - this makes multiple application methods possible, and reduces
the problems associated with the use of volatile and/or moisture-cured sealants.
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Room Temperature Vulcanizing Elastomeric FIP Sealants

Elastomeric FIP sealants cure to a rubbery solid by reacting with moisture in the environment. These products are best
suited to seal flexible flanges, such as gearbox covers, timing chain covers, stamped sheet steel parts, thin-walled
metal castings and oil pans. Unlike rigid flanges, they do not usually support the function of the component, therefore
micromovement between the flanges can be tolerated and an optimum clamp load distribution is not necessary.

Flexible flanges are normally used to:

> Cover an opening in a housing
> Seal a liquid inside a component or protect it from external contamination
> Cover moving parts to increase safety

> Encapsulate components to reduce noise

Apart from flexible flanges, there are additional types of flange designs that require flexible gaskets, such as:

> Parts where the required compressive stress distribution for anaerobics cannot be achieved

> Assemblies with different flange materials and large differences in their thermal expansion coefficients, which
can result in bowing of the flanges

> Flanges where more than two parts are mounted together forming T-joints

Elastomeric FIP sealants can be used for flexible joints as well as for stiff joints and offer a number
of benefits, including:

> High-gap filling

> Capability to seal joints with micromovements

> Ensuring metal-to-metal contact

> Achievement of correct bolt tension with no setting

> Sealing of T-joints

> Creating seals on non-machined flanges

> Potential for robotic application

> Creating seals between metal and plastic components or even between plastic and plastic materials
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5. Design Recommendations for Anaerobic FIPGs

To achieve optimum seal performance on rigid bolted joints, the general design considerations of Section 3 should
be observed. In addition, several design features specific for anaerobic FIP sealants should be followed including:

> Machined flanges with surface characteristics
« Rao,8to3,2ym
e Rz 3to21pum (10 point height)
¢ Rmax 4 to3opm
« Flatness 0,1 mm @ 400 mm

> A minimum overlapping flange width of 5 mm (to ensure reliable curing)
> A minimum overlapping flange width around bolts of 3 mm (to ensure reliable curing)
> Chamfer dowel and bolt holes to eliminate raised metal and shimming

> The maximum gap at surface imperfections or machining marks must be within the
maximum cure through volume range (0,1 to 0,25 mm sealant dependent)

> Typical minimum flange contact pressure for passenger car applications 2,5 MPa

> Use alignment dowels for assembly of large parts to prevent smearing of the sealant
and ensure accurate positioning of the two mating surfaces

> Conduct instant seal tests at least 20 minutes after assembly with test pressures
< 0,03 MPa/o,3 bar/4,3 PSI for minimum possible duration

I
Figure 10: Flange design for ﬁl

anaerobic FIP sealants. Ms min. 3 min. 3

=
min. 3
FLANGE

OUTSIDE
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In addition to the correct design of the flange, reliable sealing with FIP gaskets depends on adhesion to the flange
surface. The adhesion is strongly influenced by the cure performance. The anaerobic cure starts when the atmospheric
oxygen is excluded. Then the free radicals are formed and under the effect of metal ions (Cu, Fe), these free radicals
initiate the polymerization process.

Reliable curing and maximum adhesion are achieved by:

> Cleaning the flange faces

> Using activators or heat for substrates which are less active (stainless steel, high-alloy steel, aluminum with low
Cu content, anodic coatings or chromate films)

6. Design Recommendations for Elastomeric
FIP Sealants

Elastomeric FIP sealants are able to seal joints with poor flange design and also critical areas like T-joints where
anaerobic sealants or hard gaskets will have problems. Nevertheless the general design considerations of Section 3
should be followed to achieve a reliable, durable seal.

Why chamfer?

Performance tests and experience showed that an inside chamfer often is the best design to seal a joint when using
elastomeric FIP sealants.

The main advantages of using a chamfer include:

> defined flow of product - no release of product pieces due to squeeze out

> defined, filled gap - good durability because of product layer (in the chamfer)
> fast curing - product is fully cured when supplied to final customer

> easy manufacturing - cast surface leads to cost reduction

> low product consumption - cost reduction

> guide for manual dispensing - improved serviceability

[T T p—
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6.1. Basic Flange Design

The following recommendations are important for designing a joint sealed by an elastomeric FIP sealant:

> Flanges with surface characteristics as diverse as stamped sheet steel and cast surfaces can be sealed.
Recommended surface characteristics:

¢ Ra o,5to8um
e Rz 5togoum (10 point height)
¢ Rmax <iooum

> Flatness of both parts has to be defined in a way to avoid gaps of more than 0,3 mm between flange surfaces

> Maximum gap of 0,3 mm to allow an instant seal test after 20 minutes with 0,05 MPa/o,5 bar/7,2 PSI or an early
engine start (related to flow characteristics)

> Minimum overlapping flange width of 5 mm not including the chamfer (for instant sealing capabilities)
> Minimum overlapping flange width of 3 mm around bolts not including the chamfer (for product dispensing)

> Inside cast chamfer width 2 mm minimum with angle 30° or alternative stamped inside radius 4,5 mm (for long term
sealing capability)

> Chamfer or radius only on one flange must be fully covered by mating part in all areas (see figure 11)

> Use alignment dowels for assembly of large parts to prevent smearing of the sealant and ensure accurate positioning
of the two mating surfaces

> When filling the chamfer area:

e the minimum defined chamfer area has to be completely filled
« completely fill the minimum overlapping flange as shown below

\

INSIDE

Wrong
Figure 11: Flange alignment.

\ \

INSIDE INSIDE
Correct Correct
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When the required minimum surface pressure for anaerobics is not achieved, the gasket has to become more flexible.
In those cases, elastomeric FIP sealants are able to cope with movements in bowing and shearing direction due to
their flexibility and integrated design features (e.g. chamfer).

It is obvious that the missing surface pressure and the movements also require an elastomeric FIP sealant with
excellent adhesion to the substrate.

High adhesion and a reliable seal can only be achieved by:

> Properly cleaning the flange faces

> Selecting the correct product

> Assembling the parts within the skin over time as listed on the Technical Data Sheet

> Ensuring the correct product quantity - typical bead size is 2,5 + 0,5 mm (passenger car applications)

> Ensuring the correct bead location - always apply on the flat flange area, located 1 mm from the start of
chamfer as shown in figure 12

> Dispensing on either side of the joint possible — not necessary to apply on the chamfered side

>3

INSIDE Figure 12: Chamfer design.

K 25

L Figure 13: Radius design for
stamped parts.

A
A

N INSIDE
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6.2. Alternative design
Chamfer-Step

Elastomeric FIP sealants usually need many hours to achieve a full cure. In areas where the uncured elastomeric FIP sealant can
come in contact with the flowing media (e.g. oil pressure bores during an early engine start), a standard chamfer design is not
sufficient. The liquid sealant might be washed away. To avoid direct contact with the flowing media, add an additional step to
protect the elastomeric FIP sealant.

For this design, only the chamfer area
has to be completely filled with elasto-
meric FIP sealant.

Dimension x must be able to pick up all

Qo

Figure 14: Chamfer-step
design / Use: e.g. for high
pressure holes.

the sealant that will be extruded through
the chamfer. Worst case dimensions must

INSIDE be taken into account. Common dimen-
sion for x is 2 mm.

Chamfer-Groove

On a real flange, a simple chamfer design often cannot be used in areas close to additional supporting bolts or bearings. The only
possible design feature is a groove. To achieve fast curing, good product flow and dispensing freedom, a 30° chamfered groove on
one side is the best solution. The whole groove should be designed to avoid completely filling with sealant even under the worst
case conditions (maximum product volume and minimum groove size). This can be achieved by designing a wider chamfer, having
a wider flat bottom of the groove or using both design elements.

Note:

The groove chamfer never has to be
completely filled with elastomeric FIP
sealant, even under worst case

Figure 15: Chamfer-groove
design / Use: e.g. for
bedplate.

tolerance conditions.

Only the chamfer area has to be
completely filled with sealant.
Common dimension for x is 2 mm.

INSIDE X | le—
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Groove

The groove design, in general, is not recommended for elastomeric FIP sealants because of the long curing time
of the entrapped product. In addition, excess sealant can squeeze out at both the inside (fluid side) and outside of
the flange. The excess sealant on the fluid side can break off and contaminate the engine fluid being sealed. On the
outside edge the excess squeeze out can cause cosmetic concerns. If a groove is used, the silicone should always be
applied directly into the groove. Even under worst conditions, the groove must be completely filled.

Common groove shape is a semi-circle:

> width: 3,0 + 0,5 mm typical
> depth: 1,5 + 0,5 mm typical

> distance groove/bolt holes: 2 to 3 mm typical

T-Joints

The most critical areas to seal are where three sealing surfaces meet each other, known as the T-joint. The typical gaskets
that will exist at a T-joint are FIPG, SLS (single layer steel), MLS (multi-layer steel), or molded rubber types (press-in-place
gasket, backbone carrier gasket, void-volume carrier gasket, edge molded carrier gasket, etc.). Special attention should
be paid to joints where sealing with FIPG against hard gaskets. To achieve a reliable seal, focus on correct design and tol-
erances of those joints, as well as on the assembly process and the product dispensing (see also Section 7.2 Dispensing).

There are several possible scenarios:

A) When sealing anaerobic to elastomeric FIP sealants, the flange with the anaerobic always has to be assembled
first to avoid curing and adhesion problems. Excess squeeze out on the T-joint surface must be wiped off prior to
applying the elastomeric FIP sealant on the second sealing surface.

B) When sealing elastomeric FIP sealant to elastomeric FIP sealant, a continuous chamfer at the inside has to be
formed after assembly (see figure 16).

C) When sealing elastomeric FIP sealant to molded rubber gasket, there are two possibilities:
When the first assembled joint is elastomeric FIP sealant and the second assembled joint is molded rubber, apply
enough elastomeric FIP sealant to provide squeeze out at the T-joint. Excess squeeze out must be either wiped off
or the mating parts must be assembled within the recommended elastomeric FIP sealant open time.
For the second assembled joint, the molded rubber gasket should incorporate a flat pad at the T-joint location.
An elastomeric FIP sealant “hershey drop” must be dispensed at the T-joint location on the first flange position at
the T-joint centerline (split line).
When the first assembled joint is the molded rubber gasket and the second assembled joint is the elastomeric FIP
sealant, enough elastomeric FIP sealant must be applied to the second assembled joint to provide squeeze out at
the T-joint. The recommended position for the molded rubber gasket is normally flush to the surface of the T-joint.
The molded rubber gasket may not protrude more than 0,5 mm at the end of the flange and the gasket recession
must not be grater than o,5 mm.

D) When sealing a SLS or MLS to elastomeric FIP sealant gasket, the first assembled joint is the SLS or MLS and the
second assembled joint is the elastomeric FIP sealant. Apply sufficient elastomeric FIP sealant to the second
assembled joint to provide squeeze out at the T-joint. The SLS or MLS gasket must be greater than o,5 mm thick
and be flush (no protrusion allowed) to 1 mm recessed maximum. The elastomeric FIP sealant bead size for the
T-joint will depend on the flange design of the second assembled joint with additional elastomeric FIP sealant at
the T-joint. It is not recommended to have a T-joint design where the first assembled joint is the elastomeric FIP
sealant and the second assembled joint is the SLS or MLS gasket. When sealing to the SLS or MLS gasket, the elas-
tomeric FIP sealant should have good contact to the sealing area of the hard gasket. Adhesion to the SLS or MLS
gasket is essential. The hard gasket has to have sufficient surface pressure even at the end of the joint to avoid
leakage through the hard gasket and movement of the hard gasket relative to the flange surfaces (different ther-
mal expansion). One way to better cope with such relative movements is to integrate a semi-chamfer similar to
figure 16 (with no inside chamfer). See also figures 17 and 18.



24 | WORLDWIDE SEALING GUIDELINES FOR LIQUID SEALANTS

E) When sealing a SLS or MLS gasket to molded rubber gasket, the first assembled joint is the SLS or MLS and the second assem-
bled joint is the molded rubber gasket. The SLS or MLS gasket must be greater than o,5 mm thick and be flush (no protrusion
allowed) to 1 mm recessed maximum. For the second assembled joint, a flat pad at the T-joint should be incorporated into the
molded rubber gasket at the T-joint location to allow a maximum width to assist in sealing the joint. An elastomeric FIP sealant
“hershey drop” of 8 mm diameter typical at the base must be dispensed at the T-joint location on the first flange positioned at
the T-joint centerline. Again it is not recommended to have a T-joint design where the first assembled joint is the molded rubber
gasket and the second assembled joint is the SLS or MLS gasket.

The dimension x always has to be smaller

than the overall flange width y.

Common dimension:

x=3mm(y-x>3!)

The minimum recommended flange
Figure 16: Flange geometry width y is 10 mm.
for elastomeric FIP sealants
at T-Joint.

Machining and positioning tolerances may
cause gap x to be up to 0,5 mm and above.
Dimension y may be 0,8 mm or more. Gas-
ket thickness z may exceed even 0,8 mm.
In those cases it is necessary to under-
stand the assembly procedure in detail and
know the timing for cold or hot tests with
the maximum occurring pressure and dura-
tion. Further, it will be necessary to apply
more sealant at the T-joint (see also under
Section 7.2, figure 20).

Verification tests under worst case condi-
tions are a must.

Figure 17: Recommended
flange geometry for elasto-
meric FIP sealants at T-joint
with hard gasket (in blue).

Figure 18: Additional cham-
fer at T-joint is not recom-
mended. There is a risk

of losing pressure on hard
gasket and poor instant
sealing capability.
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7. Product Dispensing and Assembly

In volume production, the following points have to be considered:

7.1. Cleaning

All manufactured parts must be cleaned after machining. Today, only non-solvent based washing solutions are used in
production. To achieve consistent quality of the cleaning process, the procedures provided by the detergent supplier should
be followed.

In general, elastomeric FIP sealants are less sensitive to contamination than anaerobics.

Anaerobics:
For anaerobics, both surfaces must be clean and dry before dispensing and assembly. Contamination on the flange could inhibit
the cure of the product or reduce the adhesion to the substrate.

Elastomeric FIP Sealants:

Elastomeric FIP sealants also need clean dry flanges to achieve a high quality and durable seal. Wet or oily surfaces could
reduce the adhesion significantly and the dispensed bead could slip away from the correct position, which would impact the
sealing performance.

General:
It is recommended to run basic adhesion tests with the production washing solution. Test conditions should be
worst-case scenarios.

7.2. Dispensing
Robot dispensing

The most flexible and reliable way to apply any kind of sealant is robotically or using a XY-Table. For this reason, Henkel
recommends this technology especially for high-volume production.

Henkel has developed its own dispensing systems that are able to apply high-viscosity anaerobics and elastomeric FIP sealants
with high speed and excellent quality.

Quality systems like flow monitors or visual inspection systems are recommended to achieve consistent high quality.
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Example for Anaerobic
Bead diameter 1,5 + 0,5 mm

Position the bead on the centerline of the
mating surface with an accuracy of + 1 mm

Apply a continuous bead of material inside or

Figure 19: Anaerobic product
9 2 P around dowel and bolt holes

bead on gearbox flange.
Inspect the bead for uniform thickness,
air pockets, voids and continuity

Distance between nozzle tip and the
flange should be (1,3 + 0,2) bead diameter

Dispensing speed 80 to 130 mm/sec

Example for Elastomeric
FIP Sealant

Bead diameter 2,5 + 0,5 mm

Positioned on flat flange area, center of bead

X . 1+ 1 mm from chamfer
Figure 20: Possible

elastomeric FIP sealant
bead on T-joint.

Apply a continuous bead of material inside or
around dowel and bolt holes

Inspect the bead for uniform thickness,
air pockets, voids and continuity

Distance between nozzle tip and flange should be
(1,3 + 0,2) bead diameter. See also under section
6.1/ figure 12

Dispensing speed 80 to 130 mm/sec

Note: T-Joints may require a higher amount of
elastomeric FIP sealant. An increased bead dia-
meter or a special dispensing path are proper
ways to fill the void in that area. Dispensing stud-
ies are required to evaluate the correct product
quantity. When “hershey drops” are required to
seal T-joints, they are typically 8 mm at the base.
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Screen printing

This process often is used to apply anaerobics. Screen printing is especially suitable for medium scale production and where
flexibility is not required.

A flat surface (e.g. no dowels) is necessary for that process.

Screens do wear and therefore have to be replaced from time to time.

Screen printing cannot be used for the application of elastomeric FIP sealants.

7.3. Assembly

It is essential to understand the procedure on the assembly line when FIPGs will be used. The assembly conditions, steps and
cycle times have a major effect on the selection of the sealant and later on the quality of the whole process.

It is important to avoid contamination of the flanges prior to assembly of the parts. When parts have to be moved, the
dispensed product has to stay in place. The product never should be touched before the assembly. Quality inspection
systems can help monitor dispensing and detect bead misplacement or bead interruption.

Once the applied product connects with both flange surfaces, any movement relative to the joint surface must be avoided.

Anaerobics:

The basic curing chemistry of anaerobic sealant allows an unlimited open time. Nevertheless, fast curing sealants can start to
precure even before assembly. This so-called shimming effect will influence the sealing performance and cause a gap between
the joint surfaces.

It is highly recommended to fully torque down all bolts immediately after joining the flange faces to avoid shimming and later
leakage. Sub-assembled parts may require slave fasteners.

Elastomeric FIP Sealants:

Once the product is dispensed, the flanges have to be assembled within the skin over time of the product as listed on the
Technical Data Sheet. Full torque down is not immediately necessary. Depending on the size and stiffness of the flanges it is
allowable to run down several bolts first, with full torque run down to follow within 20 to 30 minutes.

IMPORTANT:

Line shutdown or breaks must be taken into account.
Proper planning of the assembly line can avoid the need
for scrap or reworking of parts.
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8. Service and Repair

8.1. Disassembly

With the correct design, product and process, the joint will maintain the sealing capability throughout the life of the vehicle.
Disassembly will, therefore, only be necessary for mechanical repair.

Design for Disassembly — Anaerobic / Elastomeric FIP Sealants:

A highly effective and inexpensive method for disassembly is to implement special design features during component
development.

The following pictures show two ways to achieve this.

Depending on part size and accessibility, two or more of those bosses or recesses are needed on each joint.
In some cases, accessibility or space requirements might lead to the use of jack screws. The holes used for bolting the parts
can be used as jack screw holes.

Figure 21: Possible Design
Features for Easy Disassembly
of Cast Parts.

Disassembly Tool — Elastomeric FIP Sealants

A common disassembly procedure, especially for stamped parts, is the spatula + hammer method (see figure 22). This is valid
for OEMs as well as service garages. The spatulas have to be partially modified depending on the access and handling condi-
tions. The front and side edge should be sharpened for easy insertion and easy cutting.

The main advantages of this method are:

> Good availability — every tool box is equipped with those tools
> Low cost

> Little to no surface damage

> Compatible to the most common engines

> Spatula could be sharpened easily

> For both cast aluminum and stamped steel oil pans

> Mechanics are used to this technique - used also for hard gasket disassembly
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8.2. Cleaning

For FIP gaskets, it is essential to have an appropriate cleaning process in place to achieve a high quality seal.

After the disassembly of the parts, both flange surfaces have to be cleaned and inspected.

Anaerobic

0ld gasket residues must be completely removed to avoid shimming, which could cause a gap.
All dirt or fluids must be removed from the sealing surfaces to guarantee good product curing and adhesion to the substrate.

Contamination of the flanges prior to the assembly must be avoided. Therefore, it might also be necessary to clean parts or
areas in the neighborhood of the sealed joint.

Elastomeric FIP Sealant

The old gasket must be removed. Depending on the application, small amounts of residue are acceptable because generally,
the fresh elastomeric FIP sealant has good adhesion to old elastomeric FIP sealant. If shimming is an issue, the flange
must be completely clean to avoid any gap or mispositioning.

Dirt or fluids must be removed from the sealing sur-
faces. The product must be applied to a dry flange.

Contamination of the flanges prior to the assembly
must be avoided. Therefore, it might also be neces-
sary to clean parts or areas in the neighborhood of

Figure 22: Sample of the sealed joint

spatula with a plastic
hammer.
Cleaners and Tools

> Loctite 7063 Cleaner - Super Clean
> Loctite 7200 Gasket Remover (aggressive to paint)
> Spatula, plastic scraper

> Scour Pads

Do not use petroleum cleaner or mineral spirits that leave a residue that prevents adhesion or curing.

8.3. Application and Assembly
For service, the only practical application method for a FIPG is manual bead dispensing.

It is important to describe where the product has to be dispensed and in what quantity. This should be shown in the
service manual.

Apply sealant to only one of the sealing surfaces.

Inspect bead position, quantity and continuity, and repair imperfections immediately after dispensing.

Anaerobics:
Anaerobic products should be applied in a straight line in the middle of the flange (like robot application in volume production).
The quantity must follow recommendations shown under Section 7.2 Dispensing.

Elastomeric FIP Sealants:
When dispensing elastomeric FIP Sealants, it is usually easier to find the proper bead location when the product is applied on the
part with the chamfer. The location and quantity of the bead has to follow recommendations shown under Section 7.2 Dispensing.
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9. Scope and Limitations

This guideline is based on Henkel application experience of more than 25 years, fortified by extensive testing done in the
GEC in Munich since 1991. With the knowledge we have accumulated, Henkel is able to demonstrate how a reliable seal can

be achieved.

The content should be used to assist during development or to discuss occurring failures in the field. It can also be used to

optimize existing flanges.

The guideline cannot replace detailed discussions between customer and the local Henkel sealing expert.
Experience shows that every flange and application is different, and therefore in-depth knowledge of product, design
and process is necessary to find the best solution for each case. Exceptions to the given rules might be required and

should be verified.

10. Abbreviations

SLS

MLS

SGM

Com

FIPG
CIPG
1P
MIP

RTV

Cu
ww
GEC

T-joint

Single-Layer Steel — A gasket constructed from a single layer of steel. Typically, the steel
will include an embossed sealing bead and may incorporate an additional surface coating
or treatment.

Multi-Layer Steel — A gasket constructed from two or more layers of steel. Typically, one or
more layers will include embossed sealing beads and the gasket may incorporate an additional
surface coating or treatment.

Soft Gasket Material (including fiber, beater addition, paper, flexible graphite and cut rubber
sheet) - A die-cut soft material that compresses to conform to the joint and create a seal.

The gasket may additionally be treated with printed beads, surface coatings, sealing grommets,
pressed beads or saturants.

Composite — A gasket formed by combining one or more layers of a soft gasket material with
one or more metallic layers. Layers may be mechanically or chemically bonded.

Formed-In-Place Gasket - See Section 2 for definition.
Cured-In-Place Gasket - See Section 2 for definition.
Injected-In-Place - See Section 2 for definition.
Molded-In-Place - See Section 2 for definition.

Room Temperature Vulcanizing, curing mechanism e.g. for elastomeric FIP sealants —
see also Section 4 Elastomeric FIP Sealants.

Copper
World Wide
Global Engineering Center

Area where two joints meet — See also Section 6.2.
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