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DESIGN GUIDE FOR FORMED-IN-PLACE GASKETS

1. SCOPE:
This mangal presents information which is intended as a guide ‘for prpper
designinx, selection, application, and servicing of liquid, formed-ip-place
gasket (FIPG) materials.

2. DEFINITION AND DESCRIPTION:

Formed-in-place gasket materials are liquids ofvarying consistencief which
can be applied to one of the mating joint surfaces before assembly. | When
parts are¢ mated, the FIPG material is capable’of flowing into voids,| gaps,
scratch marks, and so forth, and cures to-form a durable seal. The foncept

‘ offers a|convenient way of manually or automatically dispensing a sepl of
(::: varying patterns for assembly. Generally, two types of FIPG materialls are
used, RTY (Room Temperature Vulcanizing) silicones and anaerobic methacrylate
esters. [Other types of materials.@re available but restricted to limited
applicatjons and therefore, are.not covered in this manual. The folllowing
descriptjon and properties for.each type of material will help deterfine the
recommengled choice of material for a given application. One should
thoroughly test any application, and independently conclude satisfacfory
performance before making final selection.

3. TYPES OF | SEALANTS:

3.1 One Component RIV Silicone Sealant: The silicone formed-in-place gpsket
(FIPG) ¢omprises the application of a paste-like silicone sealant bgad to

minutes.

rubbery

solid by absorbing the moisture vapor in the environment (Fig. 1).

The application can be done by hand from a collapsible tube, caulking
cartridge or on an automated dispensing system.

SAE Technical Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
O arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.

Copyright 1989 Society of Automotive Engineers, Inc. Printed in U.S.A.
All rights reserved.
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FIGURE 1 - Joint Gap Seal
3.1.7° Thle Basic Cheniistry:
The FIRST of a three-ingredient siVicone sealant is a hydroxy-terminated

3.1.1.1

polysiloxane polyner.

=

CH3 | CH3 CH3
| | |
HO - Si-- 0| Si-0 - Si - OH
| < | l I
R : R R
|

—— wvaan ——— —— — c—

= 300 to 1600 |units

For most applications, a polydimethy]l s1]oxane polymer is usgd (R =

H..\' Un\nu\/cv- -Fr\v- )nn11h:+1rnc \:hawa -F r1 or rn'l\lnvwl- v\nc-uc- ance -is

37 3 appPTTeat =4

necessary, a polymethyl-trifluoropropyl siloxane polymer is used (R =
CHz CH2 CF3). The average mz]ecu]ar weight of the polymers
usualty ranges from 2.0 x 10% to 1.2 x 10° grams/mole.

The SECOND is the presence of a filler or combination of different
fillers like: high surface area silicas, ground quartz, zinc oxide,
iron oxide, carbon black, various types of clays and diatomaceous earth.

.
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2 3.1.1.1 (Continued)

The THIRD is the noisture vapor affected crosslinking system. "It is
generally a reactive polyfunctional silane, which is readily
hydrolyzable and released during the curing reaction. Examples of the
most common crosslinkers and the by-products are:-

A ACETOXY
(1) Methyltriacetoxy Silane - Acetic Acid
CH3Si (-0-C-CH3)3  CHz-C-OH
: d
ALKOXY
(2) Methyltrimethoxy Silane - Methyl Alcohol
CH3S1 (~0-CH3)3 * CH30H
AMINE
(3) Methyltris (cyclohexylamino) Silane - Cyclohexyl Amine
CHgSi [ - N - <C::> <:::> - [N - H
| | | |
OCTOATE
(4) Methyltrihexanoxy Silane - - Hexanoic Acid
CH3S 1 4=0-C-(CHp) 4CH3) 3 CH3(CHp)4 -Q -OH
|| kl
OXIME

(5) Methyltris (methylethylketoxime) Silane - Methyl-ethylketoxime

///,//CH3
CH3S1 [ -0-N = c\\\\\\\ © CH3
: |
CoHy CoHs -C = N-OH

3
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3.1.2 Specific Difference In Cure Systems: \
Cure System 77°F (25°C), 50% RH
(2 (3) (4) (5)
Tack Free Time (Hours) -0.25-0.5 0.5-4 0.25-0.5 0.25-0.75 0.,25-0.5
Cure Time, Hours 12-16 18-24 12-24 16-24 12-24
3.16 mm diameter
*Adhesion to Iron/Aluminum Good/Exc. Good Fair/Good Fair/Good Good/Exc.
Tcorrosion to Steel Heavy None None Slight None
1Corfosion to ATuminum None None  Slight None None
Excd - Excellent
As |tested in a non-vented environment with high humidity per Mi])-A-46146A.
*Adhlesion to plastics is variable and must be individually tested.
3.1.3 Typical Uncured (As Received) PhySica] Property Ranges:
3.1.3.1 | Viscosity/Application Rate: The rheologicdd properties of the sealant
can be measured in terms of blow-out resistance and extrusipn rate as
well as a traditional viscosity measurgmént. The viscosity|of the
sealing compound can be deterwined in.accordance with ASTM 1084, Method
B. The viscosimeter model, spindlé number and speed shall be reported
as part of the viscosity determidation.
3.1.3.2 | Application Rate HMethod (Grams/Minute): (
3.1.3.241 Apparatus:
- *Semco model 250=b’ sealant gun.
- *Semco plastic nozzle #440 (101.6 mm long x 3.18 mm orifice dia.)
- *Semco plastic cartridge #250-C6, #250-HP wiper, #250-T}% Tri-Seal
(standard drum sample)
- Step Watch
*Semco, a Division of: Products Research & Chemical Corp
5454 San Fernando Road
Glendale, CA 91203 .
Also, available from other sources
3.1.3.2.2 Procedure:

1. Load the cartridge containing the silicone compound into the

sealant qun.

2. Remove the seal and clear out any cured RTV, Attach the nozzle to

the cartridge.

\J

)
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3.1.3.3 Application Rate Method (Seconds/50 Grams):

3.1.3.3.1

ed,

3.1.3.3.2

6. Grams/minute = Weight in Grams x 60 Seconds

7) 3.1.3.2.2 Procedure: <(Continued)

3.- Connect the sealant gun to 620.6 + 13.8 kPa air supply and extrude
5 - 10 grams of compound to prep the nozzle.

4. Extrude the RTV compound in a tared aluminum weigh dish for a
period of 10 seconds, so the test specimen weighs at least 10
grams or more.

- 5. The number of test specimens depends on the quantity of compound.

Recommendation is to use at least three and average

10 Seconds Minute

7.| Typical application rates 200 - 450 grams/minute

Apparatus:

- TSemco model 250-6 sealant gun.

~ $pecial nozzle (50.8 mm long x 3.18 mm orifice dia.) CR-1010|Steel 1
Fig. 2).

- fSemco plastic cartridge #250<6, #250-WP wiper, #250-TS Tri-peal
standard drum sample)

- $top Watch

—'laboratory balance..(0.01. grams)

- We1gh1ng Dish

- Ripe Cleaners (For cleaning nozzles)

Pracedure-

,

Load the cartrldge containing the s111cone compound Into tTe
sealant gun »

2. Remove the seal cap and clear out any cured RTV. Attach the
nozzle to the cartridge.

3. Connect the sealant gun to 448.2 + 13.8 KPa air supply and extrude
a few grams of compound to prep the nozzle.

4. Extrude the RTV compound in a tared weighing dish for a period of
10 s, so the test specimen weighs at least 10 grams or more.
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3.1.3.3.2 Procedure: (Continued)

5. The number of test specimens depends on the quantity of compound;
recommendation is at least three and average.

50 gr .
Seconds = — grams x Time {Seconds)
, Weight in Grams
fe-——— 50.8mm = 0.025mm ——M—{ - 3.18mm = 0.025mm

-~ 9.52mm |

T - \ | \%\‘
13.

m : -

I
/ 9.52mm
(0.375%)

6.p5mm 3.175mm, RN
(1/4” NPT) (0.125” R)

==

FIGURE 2' - Special Nozzle:

3.1.3.4 | Flow Resistance: Thecflow test shall be conducted with a flow test jig
as shown in Fig. 3¢ Depth of plunger tolerance is critical|and shall be
controlled within the tolerance during all tests. -The flow|test jig
shall be placed.on a table with the front face upward and wjth the
plunger depressed to the limit of its travel. Enough of the silicone
compound to ‘fill the recessed cavity of the jig shall be rapi
transfeprad from a representative sample container. The compound should
not be worked with a spatula but shall be leveled off even Wi
block—by scraping with a spatula in two passes, each startipg in the
center and moving toward the sides of the jig. Within 10 s|after the
Teveling operation, the jig shall be placed on its base and|the plunger

2 : e
cylindrical section formed in the flow-test jig shall be allowed to flow
under its own weight on a vertical surface. :

+

S
& .

P

J
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3.1.3.4 Flow Resistance: (Continued)

15.88 — seauanT — r—se‘m—ai
A B i
. ]
s.‘as C r{ T l 8| 9.|53 19?05
19.05 —J ¥ 1 L

|||||

JIG PLACED ON TABLE, FRONT FACE UP

‘._,—5”5__‘1 L

_ig,-;---_
“."g 7 3810
3 ol
-
q Ay e - =
gi“ip & _L
A
[o] ;,_Q_. .
o5
TakE —9.53
READING
! AT'B"
177.80
2
3
MATERIAL:
ALUMINUM ALLOY
[}
Dimensions are in mm.
]
FRONT SIDE

JIG PLACED IN UPRIGHT PQSITION

FIGURE 3 - Flow Test Fixture

The flow test shall be when the plunger is advanced to the Timit of its
forward travel, and the flow measurement shall be taken jimediately
after the expiration of 3 to 30 minutes. The flow shall be measured
from tangent to the lower edge of the plunger to the farthest point to
which flow has occurred. The measurenent after the indicated interval
shall be considered the initial flow of the silicone compound.
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3.1.3.5 Tack Free Time/Cure Rate: (
3.1.3.5.1 Apparatus:
- Strip of polyethylene film 50.8 x 152.4 x 0.076 mm
- Spatula or doctor blade
- Stop Watch
3.1.3.5.2 Procedure:
1. Apply the RTV compound from the container,
2. The quantity-of compound varies. However, a typical 45.4 mm
"Hershey Dot" is the recommendation.
3. With a spatula or doctor blade, spread the<compound dqwn the
polyethylene film as soon as possible {within one minyte). The
shape of an elongated triangle with, the initial start|area about
3.18 mm thick to a feather ending.about 0.127 mm.
4, Beginining at the time the comppund is first applied, [determine
the tack free time by slightly-touching the compound With a finger
tip at 5 min intervals. )
5. The test is comp]eted when the surface is dry to the flouch and no [
compound is transferred to the finger.
6. Typical vaues are-10 - 30 min at 21.1°C and 50% RH.

3.1.4 Typical Cured* Physical Property Ranges:

*Cured 7 days at™25°C and 50% RH.

Specific Gravity: 1,03 ~e=mmcmcimccee 1.60
Hardness, - Shore "A": 15 e 50

ensile Strength: 1035 ~-m-mce- 5520 kPa
Effongation, %: 100 ~=memmem 600
Low Temp. FTexibility: -45.5°C
Thermal Stability: 260°C Special products: 343°%
Fluids & 0i1 Sealability: (Usage Applications)

Engine Lube 0il

Engine Coolant

Automatic Transmission Fluid
Rear Axle Lubricant

)

\J

L)
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3.1.5 Bond Strength Development: Most silicone sealants bond to clean surfaces

3.1.6

without the aid of primers. A preliminary evaluation should be made to
deterniine acceptable adhesive properties on the substrate used in the
specific application. The adhesive bond strength will depend on the joint
configuration, material thickness, and surface area. Norwmally, sufficient
strength will develop in one day, with maximun strength after seven days.

Packaging and Storage: Most sealants are supplied in ready—to-USe

3.1.7

collapsible aluminum squeeze tubes, caulking cartridges and in bulk
containers 18.9 - 208.2 liters. _

When stored in the original unopened containers at temperatures)fess than
27°q, most sealants offer a shelf life of one year. To prevent curing of
the [unused portion of an opened container, reseal air tight!
Proper rotation of inventory is a recormended practice’

Advgntages and Disadvantages:

3.1.7.1

3.1.7.2

Advantages:

a) Lower cost than preformed gaskets.

b} Eliminates need for large and costly gasket inventory.

c] One component, therefore, no Liixing required.

d) Easily pumped on automatic or-Semi-automatic equipment,

e) Ideally suited for robots and: automated assembly Tines.’

f) Has capability to fill larg€ gaps.

g) Does not flow under its-own weight/can be applied to parts|in
horizontal, vertical, and overhead positions.

h) Good adhesion (unprified) to many metal surfaces.

i) Temperature range¢ ;*-46 to 260°C.

JY Good resistance to outdoor weathering, vibration, roisture|and ozone.

k) Good fluid resistance to most oils, Tubricants, and coolants.

Disadvantages:

a) Some RTV silicones generate by-products while curing which|can cause
corrgsion if not properly vented.
b) PRrolonged contact with uncured sealant can cause jrritatiop to skin
and eyes.
WOTKing time 1S dependent on terperature and humidity.
Requires clean mating surfaces.
- Slower cure in Tow humidity environment.
Removal of cured sealant difficult when applied to clean surfaces.
Most sealants cannot be painted.
Due to the low thickness as claniped, limited ability to follow
novement between flanges.

K Hhodo O
et et Nt e
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3.2

Anerobic Methacrylate Ester Sealant: The word "anaerobic" is derived from

the Greek, meaning 1ife in the absence of air. Hence, anaerobic-compounds
cure in the absence of air and in the presence of metal or other active
surfaces.

‘Cure rates at room temperatures range anywhere from a few minutes to several

Flujd/gas to be sealed.

3.2.1

hours. Since there are no solvents, the conversion from liquid to solid is
virtually 100%, completely filling the voids, surface imperfections, tool
marks, and so forth, eliminating all potential leak paths. -

There are a variety of sealant types, selection of which depends on the
following:

System pressure/temperature,
Surface configuration and finish.
Flange makeup (rigid/flexible).
Nunber, grade and size of bolts.
Disgssembly requirements.

The Basic Chemistry: Anaerobic formed-in-place gaskets cure through a
process called "polymerization". These %ong cross-1inked polyper chains
are typical of the cured anaerobic products and are indicated phemically
b¢low (see Fig. 4). '
SN o N
CH3
|
/T CHy - C B

|

C=0

l |

0

| R = [—O—CHZ—CHZ —] I to 6

R —

I

0

|

C=0

!

C - CHj

I

CHy n

"FIGURE 4 - Chemical Structure

)

)

)
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3.2.2 \Uncured Properties:

Resin (Anaerobic) Methacrylate Ester

Viscosity As specified by manufacturer
Specific Gravity Approximately 1.1
FTashpoint (T1CC) Above 93°C
Toxicity As specified by manufacturer
Shelf Life One-year minimum
3.2.2.1 Use of Primer or Activators: The cure is affected by the type of
mimummmmeMwmm_NMast one
slirface to be activated to insure reliable performance.
ACTIVE SURFACES INACTIVE SURFACES
Steel Manganese © Zinc Bright Pllatings
Iron Bronze Pure Aluminum Anodized Surfaces
Copper Nickel Stainless Steel Passivated Surfaces
Brass Commercial Aluminum Cadmium Titanium
Magnesium
3.2.2.2 Gpps Over 0.25 mm Up To 1.27 mm: For thes€ gaps, primer must e used.
Phrtial cure is obtained in 4 hours and full cure in 48 hours
3.2.2.3 Hpat Cure: Heat cures can be used(to overcome gaps or inactive surfaces
ap follows:

3.2.3 Typlical Cured Properties:

CURE TIME. REQUIRED

GAP 120°C
0.51 to 0,76-mm 2 hours
1.27 mm 3 hours

Resjin: Flexible Methacrylate Polymer

Temperature~Range: Continuous -53 to 149°C operation for sealab

Percent Elongation: Approximately 30%

ility

Tensile Shear Strength: 3.4 - 6.9 MPa at 0.50 mm film thickness
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3.2.3.1 Method for Preparation of Bubble Free Films of Gasketing Products:

3.2.3.1.1 Test Apparatus:

1. 152.4 x 152.4 nm plate glass panes.

2. 0.76 mm thick sheet polyethylene.

3. 2% solution of lecithin in 1,1,1,-trichloroethane.

4, Lab centrifuge.

5. 10 mL disposable syringes or equivalent.

6. Cotton swabs.

7. 8 x #1 Hargrave clamps or equivalent,

3.2.3.1.¢ Preparation:

41. Using cotton swabs, coat one side of two glasshpanes With an even
coating of lecithin solution. Allow all solvent to fllash off.

2, Cut 0.76 mm thick po]yethy]ene'to producea 152.4 x 192.4 x
12.7 nm square edging. This provides 3 0.76 mm gap while also
preventing excessive material run out.

3. Heat seal the bottom of a Luer locK tip so that the syringe
becomes leak proof. This may be accomplished by heatilng the tip
with a Tighter or other conyenient flame source and crjimping with

. a pair of needle nose pliers:

4. Fill sealed syringe with gasketing material and place [in 1ab
centrifuge. Centrifuge at high speed for at least 10 min and
check material for<@ir content. Continue to centrifuge until all
air is dissipateds

3.2.3.1.8 Assembly:
1. If primér) curing, apply recommended primer to both ledithin-coated
' surfaces of the glass panes. Allow all solvent to flash off.

2. Place 152.4 x 152.4 x 12.7'mm polyethylene square edgijng along
edges of one glass pane.

3. Cut off the centrifuged syringe with a razor blade as klose to the
bottom—of—the—syringe—aspossibte—so—that—thetargest—diameter
opening is obtained.

4. Using the syringe plunger, slowly push the gasketing material out

onto the center of the polyethylene-edged glass pane t
contour-free mound, The amount of material needed to

desired film can vary depending on the gasketing produ
general, four centrifuged syringes of material is a go
point.

o form a

produce the
ct used. In
od starting

O

O
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3.2.3.1.3 Assenbiy: (Continued)

‘onto the

rs at room

ter of the

5. Place the remaining glass pane, coated side down, gently
mound of gasketing material taking care to ensure that air
entrapment is avoided.

b. Press down slowly until the top glass pane contacts the
polyethylene edging on the bottom pane while ensuring that the
gasketing material has wetted the surface.

7. Clamp-the-glass—panes—with-evern spacing—at—orowdtheraterial
and allow to cure. If primer-cured, a mininum of 24 hou
tenperature is required. If a heat cure is desired,2a mfininum
cure of 2 to 4 hours at 93.3°C is recommended.

3.2.3.1.4 |Disassembly:

1. Place the edge of a razor blade or putty knife between the
polyethylene edging and glass pane.

2. Slowly, run the edge of the sharp tde) around the perine
film and separate the glass from.the cured film.

3.2.3.2 Typical Environmental Resistance: Hot Strength and Heat Aging|tests
wgre started after 24 h cure at room temperature.
Nqte 1: Test method ASTM D 1002 with sandblasted steel lap shears.
20.7 —
17.25 |-
2
=
I 13.8 4=
=
(Y]
4
i
E Data Taken after
»n 10351 1 hour at Temperature
g
w
I
AT =
=
n
r4
W
Y
i L 1 1 1 J
0°C 50. 65 100 121 150°C

TEMPERATURE

FIGURE 5 - Hot Strength
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FIGURE 6 - Heat Aging

3.2.3.3 |Solvent Resistance:~ Cured sections of material were weighed|, measured
for hardness, and .thén submerged in various solvents for 15 |days at
86.7°C. Changes.\in weight and hardness are given below.

SHORE “A" HARDNESS

SOLNENT %WEIGHT CHANGE BEFORE AFTER
Water + 6% 90 90
10W30 Motor 011 0% 90 90
Isopropyl Alcohol + 25% 90 82
Unleaded Gasoline* + 31% 92 86
Toluene + 38% 90 . 86.
1,1,1 Trichloroethane ' + 50% 91 72
Phosphate Ester 0i1 - + 46% 90 . 87

*Test at room temperature

3.2.4 Use and Application: Material can be used to.seal rough or non-machined
surfaces and precut gaskets. To obtain best results, contaminants such as
grease, heavy oils, and dirt must bé removed with adequate solvent,
Material can eliminate some gaskets 0.76 mm or less thick and can be used
to coat hard or soft cut gaskets to obtain good reliability. It remains
flexible when not used over 121°C and will maintain static seals up to
149°C,

o
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3.2.4.1 Application Techniques: Manual - Material is an easily workable tacky
gel which can pe extruded onto one side of a flange surface from a tube
or caulking cartridge. Breaks in the bead are easily repaired by
manipulation. Small parts can be covered adequately by pressing them
into a saturated polyester urethane sponge or by roll coating them with
a short nap roller.

3.2.4.1.1 Screen Printing: The material responds well to screen printing
techniques. Complex shapes can be coated in seconds with precise
control of material gquantity and placement.

cxcess material can be cleaned by wiping with recommended.'sqlvent.

Material on hands can be cleaned with waterless mechani€s' hand soap
followed by soap and water.
3.2.4.2 Warning: EYE IRRITANT. MAY IRRITATE SENSITIVE SKIN\
Contains acrylic acid and methacrylic ester. In case of eye dontact,
fllush with water for 15 minutes. Get medicalcattention. Wash after

skin contact. KEEP AWAY FROM CHILDREN.

3.2.5 Stojrage Conditions: Store material in original containers. Maintain at
20 F 11°C storage temperature. When kepd under these conditiond, a
onefyear shelf life can be expected. ciaterial removed from confainers may
be rontaminated during use. Do Not<Return This Material To Original
Containers.,

3.2.6 Advpntages and Disadvantages:

3.2.6.1 Advantages:

) Reduces cut gasket inventories
) Reduces machining operations

) Eliminates costly retorquing operations

Single component system eliminates mixing

) No waste from cure in open containers

No migration, can be applied to vertical surfaces
. Seals surface imperfections

Eliminates gasket compression set and boit loosening
Seals most common industrial fluids

NO cracking or shrinkage during cure

Easily applied on automatic or semi-automatic equ1pment
Long open time after application

Good adhesion to most metal surfaces

Good vibration and shock resistance

—d

S S 2 FRGG 24T COO T

— e Mt b ]
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3.2.6.2 Disadvantages:

a) Requires use between closely fitted surfaces. Does not have large
gap filling ability.

b) Requires handling care to insure full flange coveragé upon assembly.

c¢) Prolonged contact may cause slight skin irritations.

d) Not recommended for use on flexible joints.

e) Requires at least one active surface.

4, ENGINEERING, DESIGN AND IN-PROCESS HANDLING:

4,1 Matdrial Selection: A desirable feature in production is tonuse|chemically
compatible cure system sealants. ' This eliminates the need.for plirging the
pumgs and feed lines when switching from one supplier's material|to another.
Condult with the sealant manufacturer to determine the) effects of mixing
matgrials. -

4,2 Operating Temperature:

4.2.1 RJV: Generally, RTVs can be used from -46 to 260°C continuousjy and

' iftermittently to 316°C. Special products are available for iptermittent
uge to 343°C. _ : :

4.2.2 Alaerobics: Generally, anaerobics are available for use from p4 - 149°C
cqntinuously and intermittentlysto 177°C. Special products arg available
far intermittent use to 232°C. Refer to manufacturer's recommgndations
fqgr individual applications. '

4,3 OQOperating Pressures: Pressure tolerance is dependent upon severpl

conditions; time, joint width, gap clamp load and other factors.

Figg. 7 and 8 show typical gap and pressure data.

Confirming tests should be conducted using actual parts for each|particular
application.

4.4 Flujds.to’be Sealed: The sealant must be resistant to the f1u1ds to be
sealed;' Refer to manufacturer for recommendations.

4.5 Design:

4,5.1 Thermal Expansion: Differential expansion of mating flanges is very

critical.
while maintaning seal integrity.

The sealant must be capable of tolerating the relat
This can be accommodated thr

selection of sealant, gap thickness and flange material.

ive movement
ough proper

O

@

®
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4,5.2 Gap Thickness:
Anaerobic sealants can accommodate gaps to 0.25 mm.
Gap thickness is affected by cure time and pressures

PRESSURE SEALED

MPa

allows larger gaps.

encountered during assembly and operation.

RTV can generally accommodate gaps up to 2.5 wm.
The use of primer

280 T N
Both surfaces clean,
>/ uncured gasket
— ! : -
£ 210 NG *acreremd 1
= One surface oily,
g < uncured gasl‘(’et
» 140 One surface oil, 1
[ \ - y
ket .
& \\< gaiuered1 hr
@ .
s N
0 S—
0 0.05 1.0 1.5 2.0 2.5
Gap Size (mm)

Test Limit

*For Gaps Above

FIGURE 7 - Typical RT¥(Gap vs. Pressure

Data was obtained on 9.5 mm wide
steel flanges with gaps between mdting

parts held at 0.00 mm, 0.13 mm and|0.25 mm.
Test pressurization was limited to 2.07 MPa.
See sketch.

The high pressure test fixtures coulfl be
sealed at 6.9 MPa with a 1.33 mm gap.

Cure was assured by using Accelerator-
Primer and waiting 48 hours.

0.25 mm
Heating or Use of
Primer

Required to

Insure Complsete Cure.

Assembly

Force Greater Than

3

T

12

16 20

CURE TIME - HOURS

24

T
-

__,_T._.J
/| :

TEST FIXTURE

Y Separating Force

Shim Pins

Pressure In

FIGURE 8 -~ Typical Anaerobic Gap vs. Pressure
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4.5.3 Flange Surface: To assure efficient sealing, design parameters such as
flatness and surface finish must be defined and specified to keep mating
parts under control,

4.5.4 Fasteners: In joints where there is excessive relative movement due to

pressure or expansion, bolt spacing and clamp load are important in
maintaining proper gap.

The joint integrity should not allow gap increase during "in process"
testing or during operation.

D¢ not allow sealant into blind holes as hydrostatic iock ma¥y) pccur,
reésulting in false torque readings (low clamp load).

4.5.5 Minimum Sealing Width: Generally, the minimum sealinghwidth fpr (A) is

5(/mm and for (B), 3 nm (see Fig. 9). Wider flanges-are strongly
recommended. :

FIGURE 9 - Minimum Sealing Width

4.5.6 Flange Design: Since liquid gaskets depend on flange adhesion to seal,
the joint must be designed so the sealant does not fail in shear or
adhesion. The thickness of sealant must be sufficient to accommodate
movement induced by vibration, impact and differential thermal expansion
(see Figs. 10, 11 and 12 for examples).

4

@,

O

)
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FLUID
SIDE

AIR
SIDE

\S‘SEALANT

SEALANT

! A

FIGURE 10 - Shielded Step Flange

SEALANT

FIGURE 11 - Grooved Flange

ﬁ

=

» /)

FIGURE 12 - Gapped Flange
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4.5.7 Bead Size: Increasing the bead size may increase the pressure capability

of a joint, but too large a bead may decrease pressure capability.

is due to the effect of cure time when using RTV.

Establishing minimum bead size réquires experimentation during
development and during an assembly plant trial.

This

the initial

Fig. 13 can be used as a guide for selecting the proper bead diameter for

various joint widths and gap sizes for RTV.
recommendations.

Fig. 14 shows anaerobic
The gap in this instance is due to inherent out-of-flat

of the mating flanges
4.5.8 Functional Operation: The type of functional operation is) an influencing
factor in the design of the flange.
4,5.8.1 |Types of Operation Include:
Vibration - such as 4-cylinder engines where high vibration [forces are
encountered.
Impact - such as an oil pan that may encounter a curb or parking lot
bumper.
Structural - where the entire housfng acts as a structural member, In
this case, forces are transmitted through the inspection covers or oil
pan,
Linear mn of Gasket Per 28.4 cc of Silicone Sealant
Bead Size Diameter cength
0.79_mm (57.58 x 103 inm)
1,57 mm (14.48 x 133 mm)
236 mm ( 6.38 x 103 mm)
318 nm ( 3.58 x 102 mm) -
4,76 nm ( 1.60 x 10° mm)
4.6 Mandfacturing Process Requirements:

4.6.1 Application Equipment Systems:

4.6.1.1 Screen Printing:

“pattern,

This method uses a mesh screen containing the sealant
The screen .is placed on top of the work piece and the sealant

is extruded through the mesh onto the work piece. This system is best

for anaerobics.

4,6.1.2 Roller Coating:
roller.

across the work piece.

4.6.1.3 Caulking Gun/Cartridges:

where the work piece is too Targe to be moved.

4.6.1.4 Tubes/Syringes:

are to be used.

This method is used where very small amounts

The sealant {usually anaerobic) is applied to a
The work piece is then rolled, leaving a thin film of sealant

This method is commonly used in the field and

of sealant

O

O

),
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[+— Joint Width —=|

FIGURE 13 - RTV Bead Size

“@,
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25.4
5.0
_ . 190
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E * E
H | /// 159 =
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B 4 //7§474J—3—
§ / "4 l/l 95 E
3.6
7 6.3
25
0 .
0.05 0.25 0.38, 0.51 0.63 0.76
' Gap Size (mm) .
Gap Size

WIDTH OF
COVERAGE - mm

MATERIAL COVERAGE vs. GAP

BEAD DIAMETER

5.08 mm EXAMPLE

Material witl cover a 25.4 mm
widih when & 1.52 mm besd
is spplied at 8 0.075 mm gsp.

0.782

THICKNESS OR GAP SIZE, mm

FIGURE 14 - Anaerobic Sealer Bead Size
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4.6.2 Motion Methods of Uispensing: (::)
4.6,2.1 Template Follower: This system uses a temp]ate'contoured to match the
bead pattern. The follower traces the template while the extrusion
nozzle dispenses the sealant onto the work piece.
4.6.2.2 Pantograph: This equipment is similar to the template follower in that
a template or pattern is tracked. The motion mechanism consists of four
Tight rigid bars joined in parallelogram form. This method is generally
used for manual, Tow volume applications.
4.6.2.3 |Cam Follower: This system rotates a profiled cam to generatp each
desired axis of motion.
4,6.2.4 [Phototrace: This system uses a master pattern that is-folloped by an
electric eye mounted on the traverse mechanism.
4,6.2.5 [Numerical Control: These machines are controlled by a compufter type
memory system in which the desired pattern is. prograrmed.
4.6.2.6 [Circle Generator: This equipment is simiJar to a turntable fto generate
circles.
4.6.2.7 |Magnetic Follower: This system utilizes a magnet to follow fa steel
ribbon of the desired sealant pattern.
~
FIGURE 15 - EqQuipment Parameters .
Minimum
Pattern Travel Variable
Equfipnent Type Planes Rate (M/Min) . _Speed ChangeabliTity**
Template X~Y 5.08 No 2
Pantograph X-Y 2.54 No 2
Can X-Y-7* 10.2 No 3
Photo X=Y=-Z* 5.08 No 2
NC X-Y-Z 10.2 Yes 1
Cirgle X-Y 15.2 No 1
Magpétiic X=Y 5.08 No 2
*Can be adapted for Z plane **1 - Easy
2 - Moderate
3 - Difficult
4.6.3 RTV System Recommendations:
4.6.3.1 Pump: The purp should be 23:1 miniiwum, constant pressure, divorced
style using a chop check inlet. Positive displacement, double acting
type features are also desirable.
| 0
The punp seals and packings should be fluorocarbon or polypropylene to -
reduce internal sticking or plugging.
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4.6.3.2 Lines: Pump to dispensing head distance should be minimized to reduce
~ pressure losses. The rigid Tines should be 38 mm I.D. pipe minimum.

The flexible lines at the dispensing area should be steel braided,

n
9

on-moisture permeable Tines, flexible hose. The hose I.D. sh

<5 mm minimun,

ould be

4.6.3.3 Regulators: iastic type regulators are recommended and should be

B
4,6.4 Ana

ocated as close to the dispensing head as possible.

erobics Systen Recommendations:

4.6.4.1

3 alo

4.6.4.2

[

[ =T = N |

4.6.5 Gen

ensity polypropylene tubing.

pral Systems Recommendations (RTV and Anaerobics):

ump: The pump should be a 1:1 constant pressure, positive
isplacement, double acting pump. The pump should be capabte
inimum. o

ines: The pump to dispensing head distance should/be minimiz
educe pressure losses. The delivery line shouldibe wire wrap

inimum.

Metal tubing or pipes and fittings, especially coppe
voided. :

4.6.5.1

ispensing Head Requirements: A dispensing head incorporating

- o Tl

N = - ot T

4.6.5.2

X e

ack" (no drip) feature is desirable. This prevents "stringif
palant onto the work piece. Easily replaceable plastic or me
pzzles should be considered..CStainless steel or plastic is g
pbr use with anaerobic sealers.

t is recommended the flow control be located at the head to a
etter bead size control and prevent run-on. This control shd
ariperproof to prevent unauthorized adjustment.

1
Th

ne head should have multi-direction adjustment capability.
br adjustment”ds required to assure proper bead location.
nould be at\18°C minimum for proper dispensing and curing.

leanliness: Cleanliness is very important for proper adhesig
pint/integrity. Parts can be washed with phosphate, hot watd
bn-vesidual solvents.

The tubing should“be 4.7 mm I.0.

Recommended primers can be used to enhance adhesion.

4.6.5.3

a
)

s the flanges are mated.
et up as soon as oxygen is excluded.

of 414 kPa

ed to
ped, Tow

r, riust be

a "snuff
g" of

tal
referred

Tlow
uld be

his allows
e sealant

n and
r or

Tine to Assemble: Anaerobic sealer assemblies should be torqued as soon
This is necessary since the sealant starts to

RTV joints should be assembled and torqued immediately after dispensing

t
e

he bead. This is necessary since the material begins to cure
xposure to moisture (humidity).

upon
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