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SEALS

We are here to earn your trust. We want to be the company
you call when you need seals and it starts with making sure

promises are kept and the job gets done.

1087 Park Place
Shakopee MN 55379
Tel 800 328 2840
Fax 952 894 1588

34 Zaca Lane

San Luis Obispo CA 93401
Tel 805 546 9600

Fax 805 546 0234

14445 Heathrow Forest Parkway
Houston TX 77032

Tel 800 527 3151

Fax 800 682 9103

www.dichtomatik.us

We are the first call and last word.-on seals:



INVENTORY. ENGINEERING. INGENUITY.

Three simple words, but they have a big impact on how your business performs. We know
that having the right seal at the right time is crucial to your operation because industrial
seals are our business. Under the TCM brand, we carry more than 12,000 SKUs including
the broadest range of top quality industry standard parts. And if you need something custom,
our engineering and design team can help assist with your unique seal requirements — plus,
back it up with Dichtomatik in-house, realworld scenario testing and our warranty guarantee.
Our distribution and fulfillment operation is available to assist and improve your ability to
deliver on orders, provide the tools to help you sell more products to your customers and
increase your bottom line by ensuring you have the right product in stock. We're different

and we want to show why that's good for you.

TAKING CARE OF BUSINESS.

When you call Dichtomatik, expect solutions. From fulfilling a simple order to our extensive
inventory optimization management process and SKU recommendation expertise, our goal
is to ensure you have the right seal at a competitive price. But don’t take our word for it.
The best way we know to stand apart in our industry is to go the extra step and have our

customers do all the talking. Feel free to ask around.

TRUST IS EARNED.

We wouldn't expect to earn your trust through anything but our proven performance.
Our goal is to be the company you think of first. We want to show you what we can do

for your business, whether you're a manufacturer, distributor or end-user. In short, we want
you to pick up the phone and call us first. We look forward to the opportunity to earn

your business and your trust.

www.dichtomatik.us

USA CANADA MEXICO BRAZIL
800 328 2840 905 470 2266 52 442 221 6303 55 11 4072 8025




FLUID POWER PRODUCTS
U-Cups in all styles and materials

NuPac™ Seals — O-ring Loaded piston/rod
seals in various materials

Wear Rings
Rod Wipers, D-, H-, Metal Encased and

various materials
T-Seals
e Piston Seals
CUSTOM MOLDED RUBBER & INJECTION

MOLDING - ANY SHAPE AND MATERIAL,
RUBBER TO METAL ETC.

FASTENER SEALS AND THREAD SEALS

MOLDED GASKETS

® Boots & Bellows

O-RINGS

o All AS568 sizes in stock: NBR 70/90,
FKM75 black and brown, FKM 90,
EP70, Silicone 70

Selected sizes of: PTFE-Encapsulated
FKM and Silcone, Polyurethane

O-Ring Kits
Extruded Cord

Spliced O-Rings — precision vulcanized

X-Rings
Square Rings
Backup Rings

RADIAL SHAFT SEALS

¢ Oil Seals

® Grease Seals

o AP Excluder Seals
Axial Face Seals
Valve Stem Seals
Shaft-EZE Shaft Sleeve
V-Rings




; DICHTOMATIK

Table of Contents s
Table of Contents. . ... ..ottt ittt it et a et a e na s aa st s 3
ISO 9001 Quality System Certificate ............cciiiiiiiiiii i i i it e s e esanrnnns 4
Section 1 - Engineering
Materials and Specifications. . . . ... ... e 5-11
Shaft Specifications. . . ... ... e e e e 12-14
Housing Specifications . . . ... ..o e 15
Shaft and Housing Chamfer. . . ... ... . e 16
Seal Tolerances and Press-Fits . ... ... .. 17
LUbriCatioN . . . e e e e 18
Installation . . . ... . e 19-20
SBal SHOIAgE . .« o vttt 21
Standard Seal Lip Designs . . . ..ottt 22
Standard Seal O.D. DeSIgNS. . . ..ottt et e e 23
Standard Seal Questionnaire Sheet . .. ... ... e 24-25
Pressure Seals . ... ... e 26
Vo RINGS . oo e e 27
AXial Face Seals . . . . ..o 28
Trailer KitS . . . .o e 29
Oil Bath Seals . . . ..o e e 30
AD SEalIS . . .o 31
AP SalS . . . e e 32
Track Roller Seals . . . . ..ot e e 33
AP Seal Questionnaire Sheet . ... ... .. e 34-35
Shaft-EZe .. .ot e e 36
Individually Boxed Product. . . ... .. .. . e 37 O
Principal TCM Shaft Seal DeSigNns . . . . ..o ottt e 38
Supplementary TCM Shaft Seal Designs . . . ... ..ot e e 39-43
Compound Compatibility Chart . .. ...... ... e e 44-45 F
Metric Conversion Chart. . . .. ... .t e e e e 46
Temperature Conversion Chart. . . ... ... e s 47
Troubleshooting / Seal Failure Review . . . .. ...t e 48
Section 2 - TCM Product Listing
Part NUMDEr Creation. . . . ... ..ot e e e e e e e e e e e e e e e 49 C
VA Style V-RINGS . . oot e 50-52
VL StyYle V-RINGS . . et e e e e 53
VS SHYIE V-RINGS - « - o« e e et e e e e e e e e e e e e e e e e 54-55 O
AFS Style Axial Face Seals. . . .. ... 56
AFX Style Axial Face Seals. . . . ..ot e e 57
Ol BAtN SEAIS . .« .+ v e e e e e e e e e e e e e e 58 N
Shaft-Eze. . . oo e e 59-61
Complete Seal Listing . . .. .ottt e e e 62-163
Section 3 - Interchanges to Competitors’ Part Numbers T
SKF/CR Shaft Seals . . ... .. e e e e e 164-174
SKF / CR AXIAl FACe SealS . . . . oottt e e e 175
SKF / CR V-RINGS . . o oot e e e e 176 E
National Shaft Seals . .. ... . e 177-191
National V-RiNgS . . . ..ot e e e e 192
Harwal Shaft Seals ......... ... ... .. 193-221 N
Harwal Axial Face Seals . . . .. ..ot e e e 222
Harwal V-RiNgS . . . oot e e e e e e e e e 223
Terms and Conditions ... ......ciiiiiitiiiii it et e tsarnassansanransaarnnsnnsnnsnnnns 224-226 T
ALL CONTENTS COPYRIGHT © 2011 Dichtomatik Americas, LP. S

All Rights Reserved. Any use of the contents of this publication without the written permission of the publisher
is strictly prohibited.

Dichtomatik is a proud member and supporter of the following associations:

o POWE'Pq
<
Member \ 0
P ' INTERNATIONAL SEALING
DISTRIBUTION ASSOCIATION S 4
> 3
B CER AN FAC S

Channeling the ° * MEMBER
Power of Industry Nrpp
for 50 Years MEMBER

‘\,J\O N4,
)
O1y150°

7




DNV

DET NORSKE VERITAS

MANAGEMENT SYSTEM CERTIFICATE

Certificate No, CERT-09459-2006- AQ-HOL-ANAR

I s i T iy Tl

Dichtomatik Americas

i
LO&T Park Place. Shakopee, MN 35379 USA
han been finemd 1o conffam fo the Mamagenens Svatem Siandurd,
ISO 9001 : 2008

Thix Certificaie v valid for the following product or service ranges:

The Distribution and Warchousing of Seals and Bearings

WLWIH@ Fivecw avad dire
Jime 28, 1995 Howston, Texas, Novembor (3, 2000
i sl Acorwatnisd § il

This i i viidial wnil DT NCRsEE W ERITAR
sovember 03, 2012 m CerrmmreaTos e, Floammoesr TExas
RECEIDITTD

e — Rt &
i N il =

IJ Bawmun Rushent L. keys '

el il o Mreniegempetsf Regenesiudive

Pz ot Pl Ik Emvera o gomiliieme as set ol o e Ceinll mfion Agreeman) mer peider s Canificane ivalid

MEAN OFTRE: T fenrlon Vg Caliliminm. ing: TR Beril o Trper, Koy, Tewns 770, TIEL - (200 0 596, |00 FAKC 201 ) 540, [0l

4



Materials and Specifications

General Elastomer Information
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Dichtomatik’s shaft seals are made from a wide range of materials. Depending upon a customer’s application, the
material color, durometer, and type can vary. Dichtomatik’s standard materials and their specifications are:

Nitrile - Lip Code N (NBR)

NBR is the standard lip material for Dichtomatik’s shaft seals. Dichtomatik’s standard NBR compound is a 70-
durometer black compound — NK701. Nitrile lip seals work well within a temperature range of -40F to 225F (-40C to
107C) and can withstand spikes of up to 250F (121C) for short periods of time. NBR seals are compatible with
water and most common mineral oils and greases. NBR seals are recommended for most common applications.

Hydrogenated Nitrile — Lip Code H (HNBR)
HNBR is recommended for higher temperature applications, ranging from -40F to 302F (-40C to 150C). Compared
to our standard nitrile compound, HNBR offers improved resistance to fuel, oil, heat, and chemicals. It also has
good wear resistance characteristics, which make it well suited to perform in the most severe environments.
Dichtomatik’s standard HNBR compound is an 80-durometer black compound — HK804.

Polyacrylate - Lip Code P (ACM)
ACM compounds are recommended for higher temperature applications, ranging from -13F to 302F (-25C to 150C).
ACM compounds work well with mineral oils and EP additives and greases. However, they offer poor sealing in dry
running conditions and typically cost more than NBR seals. Dichtomatik’s standard ACM compound is a 70-

durometer black compound — PK701.

Silicone - Lip Code S (VMQ)

VMQ compounds offer the widest range of operating temperature conditions ranging from -60F to 390F (-51C to
199C). VMQ compounds do not perform well in dry running conditions and should not be used with EP based
compounds and oxidized oils. The abrasion resistance of VMQ compounds is poor, so unless they are going to be
used in applications that are operating in cold climates they should be avoided. Dichtomatik’s standard VMQ
compound is a 70-durometer black compound — SK701.

Fluorocarbon - Lip Code V (FKM)
FKM compounds are premium lip materials offering the highest temperature rating. FKM will handle temperatures
ranging from -20F to 400F (-29C to 204C). FKM will resist most special lubricants and chemicals that can destroy
NBR, ACM, and VMQ. FKM is extremely resistant to abrasion and provides superior wear and performance
characteristics. FKM works in dry running applications, but only for intermittent periods. Dichtomatik’s standard

FKM compound is an 80-durometer brown compound — VN801.

Table 1: Physical Properties of the Five Major Seal Compounds

Hydrogenated
Nitrile Nitrile Polyacrylate Silicone Fluorocarbon

Compound (Code N) (Code H) (Code P) (Code S) (Code V)

-40F to 225F | -40F to 302F -13F to 302F -60F to 390F | -20F to 400F
Temperature Range -40C to 107C | -40C to 150C | -25C to 150C -51C to 199C | -29C to 204C
Abrasion Resistance 2 2 3 4 2
Compression Set 2 2 3 2 2
Cracking Resistance 3 2 3 1 2
Cut Growth Resistance 2 2 2 4 4
Flex Cracking Resistance 3 3 3 2 2
Impact Strength 2 1 4 3 3
Oxidation Resistance 2 1 1 1 1
Sunlight Resistance 3 2 1 1 1
Tear Resistance 2 2 4 4 3
Weather Resistance 3 2 1 1 1

Note: 1=Excellent 2=Good 3=Fair 4=Poor

For other available shaft seal materials, contact Dichtomatik Engineering. Material test reports for Dichtomatik’s standard
materials are on the following pages.

ALL CONTENTS © COPYRIGHT 2011 Dichtomatik North America. All Rights Reserved. Any use of the

contents of this publication without the written permisson of the publisher is strictly prohibited.
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Materials and Specifications

Metal Case and Spring Materials

One of the components of a shaft seal is the metal case. Standard shaft seals are made from a carbon steel metal case.
However, if the application involves operating in a corrosive environment or extreme conditions, the metal case can be made
out of stainless steel. In addition to the metal case, another component of some seals is a garter spring. A garter spring is
included in the seal if it is intended to seal a media with a low viscosity — such as oil. A garter spring is not included with the
seal if it is intended to seal a media with a high viscosity — such as grease. Garter springs are typically made from carbon
steel, however, they too can be made out of stainless steel if the application requires. All of Dichtomatik’s metal cases and
springs are made from SAE grade metals as shown in the table below.

Table 2: Specifications of Metal Case and Garter Springs

Standard SAE No. Application Material
Metal 1008 - 1010 General Application Carbon Steel
Case 30304 Corrosive Environment Stainless Steel
Garter 1070 - 1090 General Application Carbon Steel
Spring 30304 Corrosive Environment Stainless Steel

Material Code

We have now introduced the materials for each specific part of the oil seal. To allow our customers to know what the material
is for each component of a seal, Dichtomatik has included a material code with each part. The material code is a 3-digit code
that indicates the lip material, the case material, and the spring material in that order. The material codes are designated as

shown below.

Lip Material Case Material Spring Material Material Code Example

N = NBR C = Carbon Steel C = Carbon Steel NBR Lip Material

H = HNBR S = Stainless Steel S = Stainless Steel NCC = Carbon Steel Case
P =ACM O = Without Spring Carbon Steel Spring
S =VMQ

V = FKM

For information on material codes that do not appear in the list above, contact your Dichtomatik Sales representative.



NK701 (NBR)

Material Properties

Specification: ASTM D2000 M2BG714 A14 B14 EO14 EO34 EF11 EF21 EA14 F17

Recommended Service Temperature: -40 F to 212 F (-40 C to 100 C)
Original Properties
Hardness, Shore A
Tensile Strength, psi
Ultimate Elongation, %
Tear Strength (kg/cm)
Specific Gravity
Heat Resistance - A14 (70 hrs @ 100 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %
Compression Set, % - B14 (22 hrs @ 100 C)
Permanent Set, %
Fluid Resistance, ASTM #1 Oil - EO14 (70 hrs @ 100 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %
Fluid Resistance, IRM 903 Oil - EO34 (70 hrs @ 100 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %
Fluid Resistance, ASTM Fuel A - EF11 (70 hrs @ 23 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %
Fluid Resistance, ASTM Fuel B - EF21 (70 hrs @ 23 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %
Water Resistance - EA14 (70 hrs @ 100 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %
Low Temperature Resistance - F17 (3 min @ -40 C)
Brittleness

The information contained herein is believed to be reliable, but no representation,
guarantees or warranties of any kind are made to its accuracy or suitability for any
purpose. The information presented herein is based on laboratory testing and does not
necessarily indicate product performance. Full scale testing and product performance
are the responsibility of the user.

Specification
705

2031 (min)
250 (min)

50 (min)
1.29+0.02

+15 (max)
+30 (max)
-50 (max)

+25 (max)

-5to +10
-25 (max)
-45 (max)
-10to +5

-10to +5
-45 (max)
-45 (max)
0to +25

+10 (max)
-25 (max)
-25 (max)
-5to +10

0to-30
-60 (max)
-60 (max)
0to +40

+10 (max)

+15 (max)

Non-brittle

NK701
71
2591
425

87
1.29

+10
+13

; DICHTOMATIK
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1087 Park Place, Shakopee, MN 55379
800-328-2840 ® www.dichtomatik.us

O-Rings * Rotary Shaft Seals * Fluid Power Seals ® Custom Molded Shapes
Fitting & Fastener Seals * Spliced Rings & Extruded Cord
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HK804 (HNBR) Material Properties

Specification: ASTM D2000 M4DH820 A26 B36 EO16 EO36 F17
Recommended Service Temperature: -40 F to 302 F (-40 C to 150 C)

Original Properties Specification
Hardness, Shore A 80+5
Tensile Strength, psi 2900 (min)
Ultimate Elongation, % 150 (min)
Tear Strength (kg/cm) 50 (min)
Specific Gravity 1.34+0.02

Heat Resistance - A26 (70 hrs @ 150 C)

Hardness Change, points +10 (max)
Tensile Strength Change, % -15 (max)
Elongation Change, % -25 (max)

Compression Set, % - B36 (22 hrs @ 150 C)
Permanent Set, % +35 (max)

Fluid Resistance, ASTM #1 Oil - EO16 (70 hrs @ 150 C)

Hardness Change, points -5to +10
Tensile Strength Change, % -20 (max)
Elongation Change, % -30 (max)
Volume Change, % -10to +5

Fluid Resistance, IRM 903 Oil - EO36 (70 hrs @ 150 C)

Hardness Change, points -15 (max)
Tensile Strength Change, % -40 (max)
Elongation Change, % -30 (max)
Volume Change, % +25 (max)

HK804
81
3210
319

72
1.344

+3
+5

+24

+14

; DICHTOMATIK

The information contained herein is believed to be reliable, but no representation, =

guarantees or warranties of any kind are made to its accuracy or suitability for any = AMERICAS
purpose. The information presented herein is based on laboratory testing and does not - E

necessarily indicate product performance. Full scale testing and product performance

are the responsibility of the user. 1087 Park Place, Shakopee, MN 55379

800-328-2840 » www.dichtomatik.us

O-Rings * Rotary Shaft Seals * Fluid Power Seals ® Custom Molded Shapes

Fitting & Fastener Seals * Spliced Rings & Extruded Cord
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PK701 (ACM)

Specification: ASTM D2000 M3DH710 A26 B36 EO16 EO36
Recommended Service Temperature: -13 F to 302 F (-25 C to 150 C)

Original Properties
Hardness, Shore A
Tensile Strength, Mpa
Ultimate Elongation, %
Tear Strength (kg/cm)
Specific Gravity

Heat Resistance - A26 (70 hrs @ 150 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %

Compression Set, % - B36 (22 hrs @ 150 C)
Permanent Set, %

Fluid Resistance, ASTM #1 Oil - EO16 (70 hrs @ 150 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %

Fluid Resistance, IRM 903 Oil - EO36 (70 hrs @ 150 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %

The information contained herein is believed to be reliable, but no representation,
guarantees or warranties of any kind are made to its accuracy or suitability for any
purpose. The information presented herein is based on laboratory testing and does not
necessarily indicate product performance. Full scale testing and product performance
are the responsibility of the user.

Specification
70+5

10 (min)

200 (min)

+10 (max)
-25 (max)
-30 (max)

+50 (max)

-5to0 +10
-20 (max)
-30 (max)
-5to +5

-15 (max)
-30 (max)
-30 (max)
+25 (max)

Material Properties

PK701
70
10.4
221
30
1.41

+38

+10
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1087 Park Place, Shakopee, MN 55379
800-328-2840 ® www.dichtomatik.us

O-Rings * Rotary Shaft Seals * Fluid Power Seals ® Custom Molded Shapes
Fitting & Fastener Seals * Spliced Rings & Extruded Cord
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SK701 (VMQ)

Specification: ASTM D2000 M5GE706 A19 B37 EO16 EO36 F19
Recommended Service Temperature: -40 F to 302 F (-40 C to 150 C)

Original Properties
Hardness, Shore A
Tensile Strength, PSI
Ultimate Elongation, %
Tear Strength (kg/cm)
Specific Gravity

Heat Resistance - A19 (70 hrs @ 225 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %

Compression Set, % - B37 (22 hrs @ 175 C)
Permanent Set, %

Fluid Resistance, ASTM #1 Oil - EO16 (70 hrs @ 150 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %

Fluid Resistance, IRM 903 Oil - EO36 (70 hrs @ 150 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %

Low Temperature Resistance - F19 (3 min @ -55 C)
Brittleness

The information contained herein is believed to be reliable, but no representation,
guarantees or warranties of any kind are made to its accuracy or suitability for any
purpose. The information presented herein is based on laboratory testing and does not
necessarily indicate product performance. Full scale testing and product performance
are the responsibility of the user.

Specification
705

870 (min)

150 (min)

10 (min)
1.31+0.02

+10 (max)
-25 (max)
-30 (max)

+25 (max)

Oto-15
-20 (max)
-20 (max)
0to +10

-30 (max)

+60 (max)

Non-brittle

Material Properties

SK701
73
1142
178
20
1.31

+1
-14
-13

+9

Pass

; DICHTOMATIK

AMERICAS

1087 Park Place, Shakopee, MN 55379
800-328-2840 ® www.dichtomatik.us

O-Rings * Rotary Shaft Seals * Fluid Power Seals ® Custom Molded Shapes
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VN801 (FKM)

Specification: ASTM D2000 M2HK810 A1-10 B38 EO16 EO36 EF31 F15
Recommended Service Temperature: -20 F to 400 F (-29 C to 204 C)

Original Properties
Hardness, Shore A
Tensile Strength, psi
Ultimate Elongation, %
Tear Strength (kg/cm)
Specific Gravity

Heat Resistance - A1-10 (70 hrs @ 250 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %

Compression Set, % - B38 (22 hrs @ 200 C)
Permanent Set, %

Fluid Resistance, ASTM #1 Oil - EO16 (70 hrs @ 150 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %

Fluid Resistance, IRM 903 Oil - EO36 (70 hrs @ 150 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %

Fluid Resistance, ASTM Fuel C - EF31 (70 hrs @ 23 C)
Hardness Change, points
Tensile Strength Change, %
Elongation Change, %
Volume Change, %

Low Temperature Resistance - F15 (3 min @ -25 C)
Brittleness

The information contained herein is believed to be reliable, but no representation,
guarantees or warranties of any kind are made to its accuracy or suitability for any
purpose. The information presented herein is based on laboratory testing and does not
necessarily indicate product performance. Full scale testing and product performance
are the responsibility of the user.

Specification
80+5

1450 (min)
150 (min)

25 (min)
2.18+0.02

+10 (max)
-25 (max)
-25 (max)

+50 (max)

-5to +10
-20 (max)
-30 (max)
-5to +5

-15 (max)
-40 (max)
-40 (max)
+25 (max)

-5to +5
-25 (max)
-20 (max)
0to +10

Non-brittle

Material Properties

VN801
80
2014
172

2.18

+10

+2
+6
+5

+1

+5

+1

Pass
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Shaft Specifications

Shaft

To achieve the optimum sealing function from a shaft seal, careful consideration must be given to the design parameters of
the shaft. Important criteria for the shaft include the material, hardness, finish, eccentricity, tolerance, and rotating speed.

Shaft Material

Shaft seals perform the best when the shaft is made out of a medium to high carbon steel or stainless steel material. If a
softer material is used for the shaft, then it is recommended that the shaft be plated with either nickel or chrome to provide a
hard sealing surface. If a nickel or chrome plating is not available, typically only seals with a sleeve included in the design will
work as the sealing lip would groove the soft material too quickly.

Shaft Hardness

The hardness of the shaft is critical in the area where the sealing lip will be running. If the hardness of the shaft is too soft, the
sealing lip will wear a groove into the shaft leading to seal failure and requiring that the shaft be replaced. To minimize shaft
grooving, it is recommended that the shaft hardness be a minimum of 45 HRc in the area where the sealing lip(s) will be
running. In applications where lubrication is doubtful, abrasive matter is present, or the shaft speed is greater than 46 ft/s (14
m/s), a minimum shaft hardness of 55 HRc is recommended. It is recommended that all shafts be heat treated or nitrided
prior to assembly.

Shaft Finish

Shaft finish is a measure of how rough the surface of the shaft is. For a shaft seal to function properly, the shaft finish needs
to fall within a certain range. A shaft finish can be measured using several different techniques, the most common of which is
Ra and Rz. Ra is the average roughness of the shaft. For a shaft seal to function properly, it is recommended that the Ra
shaft finish be 10 to 20 pin (0.2 to 0.8 um). Rz is the average distance between the highest peak and lowest valley over a
certain length. For a shaft seal to function properly, it is recommended that the Rz shaft finish be 39 to 197 pin (1 to 5 pm).
To achieve the desired shaft finish, it is recommended that the shaft be centerless ground or plunge ground. After grinding it is
important to check for shaft lead. The maximum permissible shaft lead angle is 0+0.05 degrees.

Shaft Eccentricity

Two types of shaft eccentricity affect seal performance. They are dynamic run-out (double dynamic eccentricity) and shaft-to-
bore-misalignment (STBM or static eccentricity). Dynamic run-out is the amount in which the shaft is not rotating about its
true center. Dynamic run-out is typically caused by the shaft being bent, the shaft being out of balance, or misalignment
caused during assembly. STBM is the amount in which the center of the shaft is off from the center of the bore. STBM is
typically caused by machining and assembly issues.

The greater that the eccentricity is in an application, the harder it is for the sealing lip to remain in contact with the shaft while
it is rotating. If an application has high eccentricity, then a special seal will need to be designed to allow the sealing lip to
follow the shaft during rotation. The allowable dynamic run-out and shaft-to-bore-misalignment for an application is shown in
the following two figures.

de bore
center of shaft center line
shaft center line rotation
rotation path
shaft
T.LR. center
= RUNOUT Oft . .
de: dynamic eccentricity rotation housing bore
0.4 0.40
[ —
. —
E = P
£ 0.3 g 0.30
bt bt |
8 \ Sl 3
€ 02 — £ 0.20
o o
E [~_| NBR, |ACM, | FKM E oo
& 04 50
0 1000 2000 3000 4000 5000 6000 7000 0 20 40 60 80 100 120 140 160 180 200 240
Shaft Revolution (RPM) Shaft Diameter (mm)
Figure 1: Dynamic Runout Figure 2: Shaft-To-Bore-Misalignment
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Shaft Specifications

Shaft Tolerance
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When creating a shaft, it is important to ensure that it is dimensioned properly. The part of the shaft where the seal will be
operating should be dimensioned per the Rubber Manufacturer Association’s (RMA) or the German Institute for
Standardization’s (DIN) standards. Dichtomatik’s inch shaft seals are designed to operate on shafts that are dimensioned per
RMA’s standard, whereas Dichtomatik’s metric seals are designed to operate on shafts that are dimensioned per DIN’s
standard. Tables 3 and 4 show the tolerance standards developed by RMA and DIN.

Table 3: Tolerance for Inch Shafts

Table 4: Tolerance for Metric Shafts

Nominal Shaft Diameter (in)

Tolerance (in)

Nominal Shaft Diameter (mm)

Tolerance (mm)

up to 4.000 +/- 0.003 up to 3.00 +0.000 / -0.060
4.001 to 6.000 +/- 0.004 3.01 to 6.00 +0.000 / -0.075
6.001 to 10.000 +/- 0.005 6.01 to 10.00 +0.000 / -0.090

over 10.000 +/- 0.006 10.01 to 18.00 +0.000/-0.110

18.01 to 30.00 +0.000/-0.130

30.01 to 50.00 +0.000 / -0.160

50.01 to 80.00 +0.000 / -0.190
80.00 to 120.00 +0.000 / -0.220
120.01 to 180.00 +0.000 / -0.250
180.01 to 250.00 +0.000 / -0.290
250.01 to 315.00 +0.000 / -0.320
315.01 to 400.00 +0.000 / -0.360
400.01 to 500.00 +0.000 / -0.400

Shaft Speed

The speed that the shaft is rotating is important when determining the appropriate lip material for the seal as each material will
only function under certain operating speeds. Most often shaft speeds are given in rotations per minute (RPM). However,
sometimes they may be given in feet per minute (FPM) or meters per minute (MPM). Below are conversions to convert

between the standards.

FPM = Shaft Diameter in inches x RPM x 0.262
MPM = Shaft Diameter in mm x RPM x 0.001 x 3.125

To determine which material is appropriate for a given shaft speed, the following chart is to be used. This chart is only
applicable in non-pressure applications. If pressure is present in an application, contact Dichtomatik Engineering to determine
the appropriate material to use for the sealing lip.
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Shaft Specifications

For example, what would the maximum allowable shaft speed be for a shaft diameter of 60mm and a shaft seal that is made
out of NBR? First, start by locating the shaft diameter along the bottom axis of the figure. Next, follow the shaft diameter line
vertically to the curved line that is above the material that the seal is made out of. Then, follow the curved line to the right until
the next intersection point with an angled line. Finally, follow that angled line to the shaft speed, which will be the maximum
allowable shaft speed. So, for a 60mm shaft diameter and a seal made out of NBR the maximum allowable shaft speed is
2,500 RPM (1,547 FPM).
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Figure 3: Shaft Speeds for Seal Materials

*Viton is a registered trademark of DuPont.
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To achieve the optimum O.D. sealing function from a shaft seal, careful consideration must be given to the design parameters
of the housing. Important criteria for the housing include the material, finish, and tolerance.

Housing Material

The material that the housing is made out of will determine the O.D. style of the seal. If the housing is made out of a hard
material, such as steel or cast iron, then the O.D. of the seal can be either metal or rubber. However, if the housing is made
out of a soft material, such as aluminum or plastic, then a rubber O.D. seal will need to be used so that the housing doesn’t
get scratched or gouged by the seal during installation.

Housing Finish

Housing finish is a measure of how rough the surface of the housing is. For a seal to function properly, the housing finish
needs to fall within a certain range depending on the style of the seal O.D. For a metal O.D. seal, the housing finish is to be

32 to 64 pin Ra (0.8 to 1.6 um Ra). If a rubber O.D. seal is being used, then the housing finish needs to be rougher to allow for
the rubber to grip the housing better. For a rubber O.D. seal, the housing finish is to be 100 to 200 pin Ra (3 to 5 ym Ra).

Housing Tolerance

When creating a housing, it is important to ensure that it is dimensioned properly. The part of the housing where the seal will
be installed should be dimensioned per the RMA or DIN standards. Dichtomatik’s inch shaft seals are designed to operate in
housings that are dimensioned per RMA’s standard, whereas Dichtomatik’s metric seals are designed to operate in housings
that are dimensioned per DIN’s standard. Tables 5 and 6 show the tolerance standards developed by RMA and DIN.

Table 5: Tolerance for Metric Bores

Table 6: Tolerance for Inch Bores

Nominal Housing Diameter (mm)

Tolerance (mm)

Nominal Housing Diameter (in)

Tolerance (in)

up to 10.00 +0.022 / -0.000 up to 3.000 +/- 0.001
6.01 to 18.00 +0.027 / -0.000 3.001 to 6.000 +/- 0.0015
18.01 to 30.00 +0.033 / -0.000 6.001 to 10.000 +/- 0.002

30.01 to 50.00

+0.039 / -0.000

10.001 to 20.000

+0.002 / -0.004

50.01 to 80.00

+0.046 / -0.000

20.001 to 40.000

+0.002 / -0.006

80.01 to 120.00

+0.054 / -0.000

40.001 to 60.000

+0.002 /-0.010

120.01 to 180.00

+0.063 / -0.000

180.01 to 250.00

+0.072 / -0.000

250.01 to 315.00

+0.081 /-0.000

315.01 to 400.00

+0.089 / -0.000

400.01 to 500.00

+0.097 / -0.000
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Shaft and Housing Chamfer
In addition to the shaft and housing criteria previously discussed, it is also important to ensure that both the shaft and housing
have a burr free chamfer or radius on the edge in which the seal will be installed past.

Housing Chamfer

The chamfer on the housing serves two purposes. First, it helps to align the seal during the installation process. Secondly, if
the seal has a rubber O.D. it acts as a way to protect the rubber from being cut during installation. The housing chamfer
should have an angle of 15 to 30 degrees. The depth of the housing chamfer is determined based upon the following
equations and the figure below.

t1=0.85%h
to=b+0.03mm

Shaft Chamfer

The chamfer on the shaft serves two purposes. First, it helps to reduce the risk of cutting the sealing lip during installation.
Secondly, it acts as an aid to slowly stretch the sealing lip over the shaft. By slowly stretching the lip there is less of a chance
that the garter spring will be dislodged during seal installation. The shaft chamfer should have an angle of 15 to 25 degrees.
Another option on the shaft is to radius the edge instead of including a chamfer. If a radius is to be used on a shaft, it is
recommended that the radius be a minimum of 0.024in (0.60mm) for a single lip style seal and a minimum of 0.039in (1.00mm)
for a twin lip style seal. The depth of the shaft chamfer is determined by the table below.

15°-30°
bore hole chamfer E

Rounded edge

Jem '/ 15°-25°
|

d3
__ shaftdl

-

Figure 4: Shaft and Housing Chamfers

Table 7: Shaft Chamfer Dimensions

d1 d3 d1 d3 d1 d3 d1 d3 d1 d3

(mm) | (mm) (mm) | (mm) (mm) | (mm) (mm) | (mm) (mm) | (mm)
6.00 4.80 26.00 | 23.40 60.00 | 56.10 115.00 | 109.60 240.00 | 233.00
7.00 5.70 27.00 | 25.30 62.00 | 58.10 120.00 | 114.50 250.00 | 243.00
8.00 6.60 30.00 | 27.30 63.00 | 59.10 125.00 | 119.40 260.00 | 249.00
9.00 7.50 32.00 | 29.20 65.00 | 61.00 130.00 | 124.30 280.00 | 269.00
10.00 | 8.40 35.00 | 32.00 68.00 | 63.90 135.00 | 129.20 300.00 | 289.00
11.00 | 9.30 36.00 | 33.00 70.00 | 65.80 140.00 | 133.00 320.00 | 309.00
12.00 | 10.20 38.00 | 34.90 72.00 | 67.70 145.00 | 138.00 340.00 | 329.00
14.00 | 12.10 40.00 | 36.80 75.00 | 70.70 150.00 | 143.00 360.00 | 349.00
15.00 | 13.10 42.00 | 38.70 78.00 | 73.60 160.00 | 153.00 380.00 | 369.00
16.00 | 14.00 45.00 | 41.60 80.00 | 75.50 170.00 | 163.00 400.00 | 389.00
17.00 | 14.90 48.00 | 44.50 85.00 | 80.40 180.00 | 173.00 420.00 | 409.00
18.00 | 15.80 50.00 | 46.40 90.00 | 85.30 190.00 | 183.00 440.00 | 429.00
20.00 | 17.70 52.00 | 48.30 95.00 | 90.10 200.00 | 193.00 460.00 | 449.00
22.00 | 19.60 55.00 | 51.30 100.00 | 95.00 210.00 | 203.00 480.00 | 469.00
24.00 | 21.50 56.00 | 52.30 105.00 | 99.90 220.00 | 213.00 500.00 | 489.00
25.00 | 22.50 58.00 | 54.20 110.00 | 104.70 230.00 | 223.00
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Seal Tolerances and Press-Fits

Seal Tolerances
When designing an application for an oil seal, it is important to take into consideration the tolerances that the oil seal will be
manufactured to. The table below shows the RMA standard tolerance for the width of an oil seal.

Table 8: Seal Width Tolerances

Unit Width Range Tolerance
in all +/-0.015
mm up to 10 +/-0.20
over 10 +/-0.30

It is important to realize that the shaft and bore dimensions that are provided in the back of this catalog with each part number
are the actual shaft and bore diameters, not the I.D. and O.D. of the seal. To determine the actual O.D. of the seal the press-fit
needs to be considered. When installing an oil seal into a housing, there is a pre-determined amount of press-fit that has
been designed into the O.D. of the oil seal. This press-fit is what provides an interference between the O.D. of the oil seal and
the housing, thus prohibiting the oil seal from slipping out of the housing. The tables below show the standard press-fit for
inch and metric oil seals. Also, the tolerance of the O.D. of the seal is shown.

For example, the actual O.D. of a rubber covered seal for a 2.500” diameter bore is going to be 2.508 +/-0.003”. This means
that the seal will have an interference with the bore of between 0.005” to 0.011”.

Table 9: Seal Press-Fits and O.D. Tolerances for Inch Seals

Bore Diameter Press-fit Recommendation (in) Tolerance (in)
(in) Metal Case Rubber Covered Case Metal Case Rubber Covered Case

up to 1.000 + 0.004 + 0.006 +/- 0.002 +/- 0.003
1.001 to 2.000 + 0.004 + 0.007 +/- 0.002 +/- 0.003
2.001 to 3.000 + 0.004 + 0.008 +/- 0.002 +/- 0.003
3.001 to 4.000 + 0.005 + 0.010 +/- 0.002 +/- 0.004
4.001 to 6.000 + 0.005 + 0.010 + 0.003 / - 0.002 +/- 0.004
6.001 to 8.000 + 0.006 + 0.010 + 0.003 / - 0.002 +/- 0.004
8.001 to 10.000 + 0.008 + 0.010 + 0.004 / - 0.002 +/- 0.004
10.001 to 20.000 + 0.008 + 0.010 + 0.006 / - 0.002 +/- 0.004
20.001 to 40.000 + 0.008 + 0.010 + 0.008 / - 0.002 +/- 0.004
40.001 to 60.000 + 0.008 + 0.010 + 0.010/ - 0.002 +/- 0.004

Table 10: Seal Press-Fits for Metric Seals

Bore Diameter Press-fit Recommendation (mm)
(mm) Metal Case Rubber Covered Case

up to 50.00 +0.10 / +0.20 +0.15 / +0.30
50.01 to 80.00 +0.13/ +0.23 +0.20 / +0.35
80.01 to 120.00 +0.15/ +0.25 +0.20 / +0.35
120.01 to 180.00 +0.18 / +0.28 +0.25/ +0.45
180.01 to 300.00 +0.20 / +0.30 +0.25/ +0.45
300.01 to 500.00 +0.23 / +0.35 +0.30 / +0.55
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Lubrication

Prior to installing an oil seal onto a shaft, lubrication must be considered. Efficient lubrication of the sealing lip will ensure
minimum lip wear along with the maximum life and efficiency of the seal. For this reason, greasing or oiling of both the seal
and shaft must be done prior to installation of the seal. By greasing or oiling the seal and shaft you ensure that the sealing lip
will not be running dry.

There are two important things to note about lubricating a seal. First, it is important that a rubber oil seal never be allowed to
run dry. Second, it is important to note that during the bedding-in period of an oil seal, it is possible for minor oil weeping to
occur.

Another recommended practice is to apply a coating of the application media to be retained by the oil seal to the lip(s) on the
oil seal prior to installing the seal. This will help to reduce the friction when sliding the seal onto the shaft and to keep the lip(s)
lubricated during the bedding-in period.

The figure below shows an example of where to pack grease on a dual lip seal prior to installing the seal on the shaft. By
packing the void between the two lips with grease you are ensuring sufficient lubrication for the seal.

Figure 5: Lubricating a Dual Lip Seal

The figure below shows an example of where grease should be packed if redundant seals are being installed into an
application. When redundant seals are being used, typically only the seal nearest to the bearing will be lubricated, meaning
that the outside seal will be running dry. To prohibit the outside seal from running dry and increase its sealing efficiency, it is
recommended that grease be packed between the two seals.

7k

N

Figure 6: Lubricating Redundant Seals
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Recommended Installation Methods

When installing a shaft seal onto a shaft and into a housing there are proper and improper techniques to use. When installing
a seal onto a shaft with a key-way or spline, the recommended practice is to place an installation bullet over the shaft. By
placing a bullet over the shaft, the sealing lip(s) won’t get cut on the edges of the key-way or spline during installation.
Another technique is to us an oil seal installation tool. By using an installation tool you reduce the odds of deforming the seal

during installation.

Prior to installing the oil seal, be sure that the seal has been properly lubricated. For proper lubrication techniques see
Lubrication section.

Below are several illustrations showing the recommended methods for installing shaft seals.

Imsiniaon il
£ -

7

Figure 9: Tool Stops Against Housing Face Figure 10: Tool Stops Against Housing

Py
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Installation Methods

Improper Installation Methods
When installing a shaft seal it is important to make sure it is installed properly. Improper installation can cause the seal to
become damaged or cocked, both of which will cause the seal to either leak immediately or have a decreased sealing life.

Below are several illustrations showing improper techniques to use when installing a shaft seal.

Housing | ',,‘-"" -

Figure 11: Deformed Seal

Figure 13: Misalignment Error Figure 14: Deformed Seal

If you are not sure of the correct method to use when installing a shaft seal, contact Dichtomatik Engineering. The engineering
department can recommend correct practices, as well as create installation tool drawings for your application.
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Seal Storage
When storing shaft seals, there are several factors to keep in mind that will affect the shelf life of the seal. Such factors
include the temperature, humidity, ozone, fumes, insects and rodents, and dust or dirt.

Temperature and Humidity

The area in which the seals are stored should be kept cool, roughly between 59°F to 86°F (15°C to 30°C), with an average
relative humidity of 40% to 70%. Excessive heat may decrease the service life of the seal by prematurely aging the rubber. A
higher humidity in the storage area may result in the corrosion of the metal case and/or the spring.

Ozone

To avoid premature aging of the sealing elements on a shaft seal the seal needs to be stored away from any potential ozone
sources. Thus, store seals away from any direct or reflected sunlight and away from any electrical equipment that may be
emitting ozone. Exposure of the seal to ozone may cause premature aging of the sealing element and thus reduce the sealing
life of the seal.

Fumes

Seals need to be protected from fumes that may be emitted. Depending on the elastomer that the seal is made out of, certain
fumes may cause deterioration of the seal.

Insects and Rodents

Seals need to be protected from exposure to insects and rodents during storage. Some insects and rodents may destroy the
seals if they gain access to them.

Dust and Dirt

Sealing lips should be protected from dust and dirt during the storage of the seal. It is recommended to leave the seals in
their original wrapping or in a closed container until it is time to install the seals into the application.

Shelf Life

If the above factors are all taken into consideration and the seals are stored appropriately, then the expected shelf life for
common materials will be as shown in the table below.

Table 11: Seal Shelf Life for Common Materials

Type of Lip Material Shelf Life (Years)
NBR, HNBR, CR 7
EPDM 8
FKM, VMQ, FYMQ 10
PTFE Unlimited
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Standard Seal Lip Designs

The following table identifies the most common lip designs for Dichtomatik shaft seals. It is important to remember that other,
more complex, designs are available for special applications. However, the lip designs shown here represent those which will
fill the needs of most seal requirements.

V = Single Lip T = Twin Lip Spring Loaded O = Seals on Housing
K = Twin Lip U = Triple Lip OB = Qil Bath (Prefix)
S = Single Lip, Spring Loaded D = Double Lip, Double Spring Loaded

Of the above lip designs, there are five principal lip designs, shown in the illustration below. These five principal lip designs
are also supplemented by a range of more specialized designs for more specific application requirements. For additional
information regarding available lip designs contact Dichtomatik Engineering.

Profile Diagram Remarks

Single Lip With A Garter Spring.

Generally used for sealing lower pressure applications.
However, not recommended for use in applications where the
surrounding environment contains any dirt or cotaminants.

Dual Lip With A Garter Spring.

Generally used for sealing lower pressure applications. The
additional dust lip provides increased protection for the primary
lip. The cavity between the two lips can also be filled with
grease to limit shaft corrosion and allow brief operation without
media lubrication.

Double Lip With Garter Springs.
Designed to separate two media.

Single Lip Without A Garter Spring.
Generally used for sealing a non-pressure medium, especially
for sealing grease or viscous fluids.

These seals are also used for dust or dirt exclusion.

Dual Lip Without A Garter Spring

As type V above, but the additional dust lip provides increased
protection for the primary lip. The cavity between the two lips
can also be filled with grease to limit shaft corrosion and allow
brief operation without media lubrication.

Figure 15: Standard Lip Designs

Hydrodynamic Pumping Aids

The use of a hydrodynamic aid, or helix, can improve the sealing performance of the sealing lip. A helix is a ribbed pattern
that is molded on the airside of the primary sealing lip. They cause a pumping action that forces the sealing medium back
under the sealing lip and into the application. Helix designs are available for bi-directional, left, and right-hand shaft rotations.
For other available helix designs please contact Dichtomatik Engineering.

L R w

Figure 16: Standard Helix Designs
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Standard Seal Case Designs

The following table identifies the most common case designs for Dichtomatik shaft seals. It is important to remember that
other, more complex, designs are available for special applications. However, the case designs shown here represent those
which will fill the needs of most seal requirements.

A = Metal O.D. with Reinforcing Plate J = Rubber Covered O.D. With Flange

B = Metal O.D. with Lead-in Chamfer L = Ground Metal O.D. With Rolled Leading Edge
C = Rubber Covered O.D. M = Ground Metal O.D./Rubber Coated on I.D.

F = Fully Rubber Covered Case Z = Ground Metal O.D. With Rubber

G = Rubber Covered O.D. with Ribs Covered Lead-in Chamfer

Of the above case designs, there are five principal case designs, shown in the illustration below. These five principal case
designs are also supplemented by a range of more specialized designs for more specific application requirements. For
additional information regarding available case designs contact Dichtomatik Engineering.

Profile Diagram  Remarks

Outer Metal Case With Reinforcing Plate.

This type is designed with an additional inner case providing
increased structural rigidity when a more robust design is required.
Particularly suitable for larger diameters or when the seal is fitted
from behind.

Outer Metal Case.

This type is most suitable for steel or cast iron housing materials.

B The metal case gives a particularly firm and accurate seat in the
housing, but static sealing on the O.D. is partially limited.

Rubber Covered O.D.

This type is preferred for soft alloy or plastic housing materials, as

C well as cast iron or steel. It is also more suitable to use this design
in a replacement environment where minor damage to the housing

surface has occurred.

Rubber Covered O.D.

Similar to design C but additional rubber covering fully protecting
F the internal steel case. Particularly suitable for applications where
corrosion could be a problem.

Outer Metal Case With Rubber Lining.

Similar to design B but an additional rubber lining covering the
internal face of the steel case. Particularly suitable for applications
where corrosion could be a problem.

Figure 17: Standard Case Designs

0O.D. Sealant

On metal O.D. seals Dichtomatik offers an O.D. sealant. The sealant is a synthetic rubber that is sprayed onto the O.D. of the
metal case. When the seal is installed into the housing the sealant fills in any scratches or flaws that may exist in the housing
to provide a good sealing surface. Dichtomatik’s parts numbers that end with an ‘-H’ indicate that the seal has the O.D.
sealant applied to it.
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Standard Seal Questionnaire Sheet

If you are looking for a standard shaft seal but aren’t quite sure which material or seal style is appropriate for your application,
fill out the seal questionnaire form shown below. Once the highlighted areas have been completely filled out, the questionnaire
provides all of the necessary application information for Dichtomatik’s Engineering department to make the appropriate seal
recommendation. Electronic copies of the questionnaire sheet can be obtained by visiting Dichtomatik’s website or contacting

Dichtomatik’s Engineering department.
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Customer & Division
| C
Address ‘
E
City/State/Zip {
* 72N
Contact
Telephone
Customer P/N o
S}
Type of Equipment —70
yp quip <
(S
Application
O0EM Date Required A. Shaft Diameter: D.Shaft Chamfer & Angle:
Aftermarket B.Bore Diameter: E.Bore Chamfer & Angle:
Annual Usage Peak Month Usage
C.Max Seal OD Width:
SHAFT Horizontal Material Finish Hardness
Vertical
BORE Material Finish Hardness Installation Direction
(16—~1 [ 3~1
MOTION Rotating RPMs Direction From Air Side:
Normal J Clockwise |_| Counter-clockwise |_| Bi-rotational
Max
Axial Movement Shaft Runout (TIR) Misalignment Frequency of Rotafion
_| Continuous Intermittent
J Reciprocating Stroke Length Cycles/Min. Special Operating Conditions
J Oscillating Degrees of Arc Cycles/Min.
FLUID Internal Type | Level Dry
Flooded
|| Mist
External Type
TEMP. | C Minimum Normal Maximum
F
PRESSURE Normal PSI Maximum PSI
BEARING J Ball or Roller Bearing Bushing
SEAL Snap Ring Groove in Bore
RETENTION J
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Standard Seal Installation Sheet
In addition to submitting a completed seal questionnaire sheet it is requested that a completed seal installation sheet be

submitted to Dichtomatik Engineering as well. The installation sheet allows engineering to ensure that the seal style
recommended for the application will work for the preferred installation method.
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Install the seal into the housing, and then install the shaft from air side.
1A( ) 1B( )
3
[ ey ! - Beamy |
} - PR
\ ﬁ \
e, -_lII e el = I'E_\-,

(=, =~

Install the seal into the housing, and then install the shaft from oil side.

N,

ey

e f

II

25



: DICHTOMATIK

AMERICAS

Pressure Seals

Pressure Seals

Dichtomatik’s standard shaft seals are designed to function in applications where the operating pressure is 0 to 7 psi. For
applications where the operating pressure is above 7 psi, a pressure seal will need to be used. If a standard shaft seal were to
be used in a pressure application, the seal would be deformed due to the pressure being applied to the flex section of the
seal. This deformation would lead to an increase in the contact between the seal and the shaft causing an increase in
temperature and shaft wear. For this reason, pressure seals are standard shaft seals with a specially modified flex section
design. The design of the flex section is dependant upon the amount of pressure that is present in the application. The
standard pressure seals that Dichtomatik offers are the E style and N style seals.

E Style Pressure Seals

Dichtomatik’s E style pressure seals are designed to function in applications where the operating pressure is 10 to 30 psi. E

style pressure seals are designed so that the I.D. of the metal case is bent into the flex section of the primary sealing lip. By

having the metal case in the flex section of the sealing lip, the seal can operate in higher pressure applications without the lip
deforming.

N Style Pressure Seals

Dichtomatik’s N style pressure seals are designed to function in applications where the operating pressure is above 30 psi. N
style pressure seals are designed so that the flex section of the primary sealing lip gets progressively shorter as the
applications operating pressure increases. Dichtomatik offers several different N style seals.

¢ N1 style seals are designed to operate in applications where the pressure is 30 to 50 psi.
e N2 style seals are designed to operate in applications where the pressure is 50 to 90 psi.
¢ N style seals are designed to operate in applications where the pressure is above 90 psi.

Because a pressure seal is designed with a shorter and stiffer flex section than a standard shaft seal, there are two application
criteria that become increasingly important to control. These two criteria are the shaft hardness and the shaft eccentricity.

The primary sealing lip of a pressure seal is going to have a higher radial load on the shaft which will tend to cause additional
grooving in the shaft. To protect against excessive grooving in the shaft it is recommended that the shaft hardness be a
minimum of 55 HRc for all pressure applications. The shaft eccentricity needs to be minimized because the primary sealing lip
of a pressure seal is so stiff. If the runout or shaft-to-bore misalignment is high the sealing lip will lose contact with the shaft
and there will be a leakage.

Dichtomatik stocks some pressure seals for standard applications. Prior to using a pressure seal in a new application it is
recommended that you contact Dichtomatik Engineering to ensure that the proper seal is being used as the above pressure
ratings for the seals may change as the operating speeds and temperatures vary.

TEC TCN1 TCN2

Figure 18: Pressure Seal Designs
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V-Rings

A v-ring is an all rubber seal that mounts directly on a shaft and seals axially against either the housing or the metal case of a
shaft seal. Once installed into an assembly, a v-ring will rotate with the shaft — unlike a shaft seal. Because v-rings rotate with
the shaft they are often used in applications as slingers or deflectors. The centrifugal forces that are created by the rotating v-
ring will deflect any contaminants - oil, dirt, sand, etc. — away from the sealing point of the application. Unlike a shaft seal, the
v-ring is made out of 100% rubber which makes it completely elastic. Because they are elastic, v-rings can be installed into
most applications without having to disassemble any components that may otherwise need to be removed for a standard seal
to be installed. Also, each v-ring works on a range of shaft diameters instead of one specific shaft diameter like a standard
shaft seal.

Dichtomatik offers three standard v-ring styles. The three styles that are offered are the VA, VL, and VS.

VA Style

The VA style v-ring is the most common style used in the industry.

They are designed to operate in most standard industrial applications

— such as gearboxes, conveyors, and appliances. VA style v-rings are

offered for shaft diameters ranging from 0.106” to 29.370”. VA style Figure 19: VA Style V-Rin
v-rings are offered in both NBR and FKM versions. au ) ty e

VL Style

The VL style v-ring is similar to the VA style except that the body of
the seal is a little narrower. By being narrower the VL style seal works
well in applications where axial space may be limited. VL style v-rings
are offered for shaft diameters ranging from 4.134” to 24.606”. VL

style v-rings are offered in NBR. Figure 20: VL Style V-Ring

VS Style

The VS style v-ring was the industries original v-ring. They are

designed with a trapezoidal shaped body to help keep the v-ring in

position on the shaft. They are designed to operate in more robust

applications — such as agricultural applications. VS style v-rings are

offered for shaft diameters ranging from 0.177” to 8.307”. VS style . .
v-tings are offered in both NBR and FKM versions. Figure 21: VS Style V-Ring

V-rings are typically used in one of two ways in an application. They are either used in conjunction with a shaft seal to provide
additional contamination exclusion, or they can be used by themselves in certain applications. Because the lip of a v-ring is
flexible, there are two things to keep in mind. First, they should never be used to seal any media into an application that is
above 5 psi. Secondly, they should never be installed below the top of the oil level in an application.

Figure 22: V-Ring Functions
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Axial Face Seals

An axial face seal is a v-ring with an outer metal case added to it. Like a v-ring, an axial face seal mounts directly on a shaft
and seals axially against either the housing or the metal case of a shaft seal. By incorporating a metal case into an axial face
seal, they are able to seal out heavier contaminants than a v-ring would be able to. Unlike a v-ring, an axial face seal is not
completely elastic — as a result of the addition of the outer metal case. This means that each axial face seal is designed for a
specific shaft diameter rather than a range of shaft diameters like a v-ring. As was the case with v-rings, an axial face seal
can either be used in conjunction with a shaft seal to provide additional contamination exclusion, or they can be used by
themselves in an application.

Dichtomatik offers two standard axial face seal styles. The two styles that are offered are the AFS and AFX.

AFS Style

The AFS style axial face seal is the industry standard for face seals. An AFS style axial
face seal is designed so that the O.D. edge of the metal case does not cover all of the
rubber sealing lip. Therefore, when an AFS style seal is installed into an application
there is a narrow gap between the edge of the metal case and the housing. AFS style
seals are offered for shaft diameters ranging from 0.394” to 8.858”.

AFX Style

The AFX style axial face seal is similar to the AFS except that the O.D. edge of the
metal case extends beyond the rubber sealing lip. Because the metal case extends
beyond the sealing lip, a groove needs to be machined into the housing to accept the
metal case. In applications where heavy contamination is a concern, an AFX style seal
would be better than an AFS because with the metal case extending into the housing
there is a labyrinth created. By incorporating a labyrinth into the application the AFX
will slow down the migration of the contaminants better than an AFS which will lead to
longer seall life. AFX style seals are offered for shaft diameters ranging from 0.591” to Figure 24: AFX Seal
3.937”.

Both the AFS and AFX style face seals are typically offered in 80-durometer NBR with a zinc coated carbon steel case. Unlike
standard shaft seals the sealing elements of axial face seals are made out of 80-durometer NBR instead of 70-durometer to
increase the wear resistance from contaminants. Dichtomatik offers other material combinations for the AFS and AFX seals.

If you are interested in using an axial face seal but prefer something other than NBR and carbon steel contact Dichtomatik
Engineering to discuss material options.

AFS
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Figure 25: Axial Face Seal Functions
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Trailer Kits
Dichtomatik offers five different types of trailer kits to meet the needs of trailer customers. Each trailer kit from Dichtomatik
comes equipped with:

e A set of bearings
e A Shaft Seal
e A Dust Cap
e A Cotter Pin

The components of a trailer kit are packaged in a skin board container with a
clear front. The skin boards work well for customers that are planning on
displaying Dichtomatik’s trailer kits on a display rack. Dichtomatik’s trailer kits
are intended for use on trailers such as boat, snowmobile, motorcycle, utility,
water sports, and most other small axle trailers. Below is a listing of the trailer
kits that Dichtomatik currently offers along with a list of parts and the
corresponding quantity that are in each kit. Figure 26: Trailer Kit

Table 12: Dichtomatik Trailer Kits

TK1 - For 1” Spindles TK4 - For 3/4” Spindles
Parts in Kit Qty Parts in Kit Qty
L44643 Bearings 2 LM11949 Bearings 2
644610 Bearings 2 LM11910 Bearings 2
121974VB Shaft Seal 1 11174VB Shaft Seal 1
T1518 Dust Cap 1 T1517 Dust Cap 1
Cotter Pin 1 Cotter Pin 1
TK2 - For 1 1/4” Spindles TKS5 - For 1 3/8” & 1 23/32” Spindles
Parts in Kit Qty Parts in Kit Qty
LM67048 Bearings 2 L68149 Bearing 1
LM67010 Bearings 2 L44649 Bearing 1
15234VB Shaft Seal 1 L68111 Bearing 1
T1601 Dust Cap 1 L44610 Bearing 1
Cotter Pin 1 171255TB Shaft Seal 1
T1518 Dust Cap 1
Cotter Pin 1
TK3 - For 1 1/16” Spindles
Parts in Kit Qty
L44649 Bearings 2
L44610 Bearings 2
12192VB Shaft Seal 1
T1518 Dust Cap 1
Cotter Pin 1
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Oil Bath Seals

In the trailer industry there are several different axle designs and applications. Some axle assemblies are designed to operate
with a standard shaft seal, whereas, some are designed to operate with an oil bath seal. An oil bath seal is a highly
engineered seal that is designed specifically to operate in an axle assembly, most commonly a trailer axle.

Dichtomatik’s oil bath seals are multi-piece unitized seals. Each seal consists of a sealing element and a sleeve. By
incorporating a sleeve into the seal design Dichtomatik’s oil bath seals keep all of the seal wear internal to the seal, rather than
wearing out the application components. All of Dichtomatik’s oil bath seals come pre-greased from the supplier. Also, they
are all designed for ease of installation without any unique tools.

Dichtomatik offers two different styles of oil bath seals. The two styles that are offered are a standard dust lip design and a
labyrinth design.

Dust Lip Style
The first style of oil bath seal that Dichtomatik offers is a standard dust lip design. RS
Dichtomatik’s ST style oil bath seals have a dust lip added to the sealing element to %
help slow down the migration of contaminants into the hub. The ST style seals are e M
designed with a metal O.D

Labyrinth Style L
The second style of oil bath seal that Dichtomatik offers is a labyrinth style seal. i

Dichtomatik’s ST5 and ST34 style oil bath seals have a labyrinth incorporated into . .

the design to slow down the migration of contaminants into the hub. The ST5 and Figure 27: ST Style Oil Bath Seal
ST34 seals are designed with a rubber O.D. and rubber I.D. so that the hub and

axle are not scratched during seal installation. On the sealing lip of each ST5 and L
ST34 seal is a bi-directional helix. The helix helps to increase the pumping rate of s
the oil back onto the hub, while helping to keep the operating temperature around

the sealing lip low.

Dichtomatik offers a full range oil bath seals designed to fit onto the industries
standard axles. All of Dichtomatik’s oil bath seals can be installed without special g
installation tools.
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Figure 29: Oil Bath Seals
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AO Seals

Dichtomatik’s shaft seal product family contains several different styles of seals. One unique family of seals that Dichtomatik
offers is the TRAKSEAL product family. Dichtomatik’s TRAKSEAL product family consists of seals that are specifically
designed to operate in environments that a standard shaft seal would not function properly in. Typical applications for a
TRAKSEAL would be agricultural, construction, turf care, or tillage equipment. The TRAKSEAL product family consists of
three custom designed styles of seals — the AO seal, AP seal, and track roller seals.

The first style of seal offered within Dichtomatik’s TRAKSEAL product family is the AO series seals. AO seals are two piece
seals that are designed for medium contamination applications. The two pieces of an AO seal are the sealing element and the
sleeve. The sealing element of an AO seal can be anything from a standard shaft seal profile to a custom designed seal with
multiple contamination exclusion lips. The sleeve that is incorporated into the design acts as the sealing surface for each of
the lips on the sealing element. Because of the heavy contaminants that are present around the application there is a higher
risk of excessive shaft wear occurring. By using an AO seal, the sleeve removes the risk of shaft wear and aids in extending
the life of the shaft.

There are several benefits to using Dichtomatik’s AO style seals in an application. The benefits of an AO seal are:

e Medium duty dirt exclusion

e Wash down spray resistant

e Two piece installation

e Seals are pre-greased by the manufacturer

e Full retrofit capability — can replace a standard shaft seal with no application modifications
¢ No shaft wear — all wear from the sealing element is contained by the sleeve

Along with the benefits, there are two things to keep in mind when using an AO seal in an application. The AO design is
intended for use in applications where the axial movement within the assembly is limited. If excessive axial movement is
present there is a chance that the sealing element and the sleeve will separate in the assembly. Also, due to the increased
number of lips present within an AO seal, there will be extra heat and drag present within the seal, so to minimize the effects
of these two parameters on the seal the surface speed and operating temperature need to be taken into consideration.

All of Dichtomatik’s AO seals are custom designed for each application to ensure proper fit and performance. If you are
interested in an AO style seal, contact Dichtomatik Engineering to discuss the application and begin the design process.
Along with the seal design an installation tool design can be provided upon request to help ensure that the seal is installed
properly into the application.

Figure 30: AO Style Seals
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AP Seals

The second style of seal offered within Dichtomatik’'s TRAKSEAL product family is the AP series seals. AP seals are similar to
AO style seals except that the pieces are all crimped together — creating a unitized seal design. Dichtomatik’s AP seals are
multi-piece seals that are designed for high contamination applications. As with the AO style seal, the AP seal consists of a
sealing element along with at least one sleeve. The sealing element of an AP seal can be anything from a standard shaft seal
profile to a custom designed seal with multiple contamination exclusion lips. The sleeve(s) of an AP seal are incorporated into
the design to act as the sealing surface for each of the lips on the sealing element, while also, in some instances, having
excluder lips of their own.

There are several benefits to using Dichtomatik’s AP style seals in an application. The benefits of an AP seal are:

* Heavy duty dirt exclusion

e |abyrinth design to slow down the migration of dirt

e Wash down spray resistant

* One piece installation

e Seals are pre-greased by the manufacturer

e Full retrofit capability — can replace a standard shaft seal with no application modifications
¢ No shaft wear — all wear from the sealing element is contained by the sleeve

Along with the benefits there are two things to keep in mind when using an AP seal in an application. The AP design is
intended for use in applications where the axial movement within the assembly is limited. If excessive axial movement is
present within the application, then the sealing element and the sleeve(s) will move relative to each other which will crush
some of the lips within the seal. Also, due to the increased number of lips present within an AP seal, there will be extra heat
and drag present within the seal. To minimize the effects of these two parameters on the seal, the shaft surface speed and
application operating temperature need to be taken into consideration.

All of Dichtomatik’s AP seals are custom designed for each application to ensure proper fit and performance. If you are
interested in an AP style seal, contact Dichtomatik Engineering to discuss the application and begin the design process.

Figure 31: AP Style Seals
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Track Roller Seals

The third style of seal offered within Dichtomatik’'s TRAKSEAL product family is the track roller seal. Track roller seals are
mechanical seals that are designed to seal positively within heavy contaminant applications. Track roller seals are two piece
seals that are sold in sets. Each set consists of two rubber energizers and a pair of uniquely matched, lapped and ground
metal face seals. The rubber energizers serve two functions for a track roller seal. First, they provide a uniform load to the
metal face seals during the service life of the seals. Secondly, they act as a seal against the housing to prevent any lubricants
from leaking out of the application. The matched lapped and ground metal face seals act as the primary sealing element of a
track roller seal. By having the lapped and ground faces pressed together by the energizers, the metal seals provide a tight
sealing element that will retain lubrication in the application while sealing out heavy duty contaminants.

Besides not having a traditional rubber sealing element like a standard shaft seal, track roller seals also differ from standard
shaft seals in that they do not contact the shaft of an application. Track roller seals are designed so that the I.D. of the metal
rings are floating within the application. When installed into an application, one of the energizers and metal face seals will
remain stationary while the other set rotates with the application — thus forming a leakproof seal.

Track roller seals are intended for use in applications where the operating speed is low — typically less than 750 FPM.
Dichtomatik’s track roller seals are typically made with NBR energizers and corrosion resistant steel for the metal face seals.
Depending on the type of lubrication and operating temperature, the type of rubber used to make the energizers can be
modified.

There are several benefits to using Dichtomatik’s track roller seals in an application. The benefits of are:

* Longer life than a standard lip seal

* Heavy duty dirt exclusion

e Wash down spray resistant

e Two piece installation

¢ No wear within the application — all wear is internal to the seal

All of Dichtomatik’s track roller seals are custom designed for each application to ensure proper fit and performance. If you
are interested in a track roller seal, contact Dichtomatik Engineering to discuss the application and begin the design process.

Figure 32: Track Roller Seals
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AP Seal Questionnaire Sheet
If you are interested in using an AO or AP style shaft seal in your application fill out the seal questionnaire form shown below.
Once the highlighted areas have been completely filled out, the questionnaire provides all of the necessary application

information for Dichtomatik’s Engineering department to make the appropriate seal recommendation. Electronic copies of the
questionnaire sheet can be obtained by visiting Dichtomatik’s website or contacting Dichtomatik’s Engineering department.
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Customer & Division

Address

City/State/Zip

Contact

Telephone

Customer P/N

Type of Equipment

Application

OEM
Aftermarket

Date Required

Annual Usage Peak Month Usage

0B

A. Shaft Diameter:

B.Bore Diameter:

C.Max Seal OD Width:

D.Shaft Chamfer & Angle:
E.Bore Chamfer & Angle:
F. Max Seal ID Width

SHAFT Horizontal Material Finish Hardness

| Vertical
BORE Material Finish Hardness Installation Direction
MOTION Rotating RPMs

Normal Max
I SHAFT ] s o SHAFTC
Axial Movement Shaft Runout (TIR) Misalignment Frequency of Rotation
|| Continuous Intermittent

J Reciprocating Stroke Length Cycles/Min. Special Operating Conditions

J Oscillating Degrees of Arc Cycles/Min.
FLUID Internal Type | Level Dry

Flooded
| Mist
External Type
TEMP. L |C Minimum Normal Maximum
F

PRESSURE Normal PSI Maximum PSI
BEARING J Ball or Roller Bearing Bushing
SEAL Snap Ring Groove in Bore
RETENTION J
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AP Seal Installation Sheet

In addition to submitting a completed seal questionnaire sheet it is requested that a completed seal installation sheet be
submitted to Dichtomatik Engineering as well. The installation sheet allows engineering to ensure that the seal style
recommended for the application will work for the preferred installation method.

Install the seal into the housing, and then install the shaft from air side.

2B( )
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Shaft-Eze

Often times a shaft seal will groove a shaft during operation. As a result, when a shaft seal fails a new seal cannot be
immediately installed onto the shaft without either reworking or replacing the shaft. Grooving can occur due to high shaft
speeds, contaminants getting under the sealing lip(s), or because of a lack of lubrication around the sealing lip. When grooves
are present in a shaft it is not a question of if a seal will leak, but rather a question of when. To minimize equipment downtime
and costs, one option is to install a Shaft-Eze onto the worn shaft rather than reworking or replacing it.

Dichtomatik’s Shaft-Eze is a precision ground stainless steel sleeve that provides a new sealing surface without reworking or
replacing the shaft. All of our Shaft-Eze are manufactured using SAE grade 304 stainless steel. Each sleeve is precision
ground so that the surface finish is 10 to 20 pin (0.2 to 0.8 ym). A Shaft-Eze is a thin-walled sleeve, typically 0.011” (0.28 mm)
thick, that gets installed onto a shaft overtop of any grooves that may be left behind. Once installed, a Shaft-Eze forms a tight
fit around the existing shaft that allows for the same sized seal as previously used