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Shigley’s Mechanical Engineering Design, Eighth Edition, McGraw-Hill
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- Aluminum Association (AA)

- American Gear Manufacturers Association (AGMA)

- American Institute of Steel Construction (AISC)

- American Iron and Steel Institute (AISI)

- American National Standards Institute (ANSI)

- ASM International

- American Society of Mechanical Engineers (ASME)

- American Society of Testing and Materials (ASTM)

- American Welding Society (AWS)

- American Bearing Manufacturers Association (ABMA)
- British Standards Institution (BSI)

- Industrial Fasteners Institute (IFI)

- Institution of Mechanical Engineers (I. Mech. E.)

- International Bureau of Weights and Measures (BIPM)

- International Standards Organization (ISO)

- National Institute for Standards and Technology (NIST)
- Society of Automotive Engineers (SAE)
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International System of Units (SI)

International Organization for Standardization (ISO)

Deutsches Institut fiir Normung (DIN)

American National Standards Institute (ANSI)

British Standards Intuition (BSI)
Japanese Standards Association (JSA)
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1.1 DIN 1 to DIN 99

1.2 DIN 100 to DIN 199
1.3 DIN 200 to DIN 299
1.4 DIN 300 to DIN 399
1.5 DIN 400 to DIN 499
1.6 DIN 500 to DIN 599
1.7 DIN 600 to DIN 699
1.8 DIN 700 to DIN 799
1.9 DIN 800 to DIN 899
o 1.10 DIN 900 to DIN 999

o« 2DIN 1000 to DIN 9999

o 2.1 DIN 1000 to DIN 1999
2.2 DIN 2000 to DIN 2999
2.3 DIN 4000 to DIN 4999
2.4 DIN 5000 to DIN 5999
2.5 DIN 6000 to DIN 6999
2.6 DIN 7000 to DIN 7999
2.7 DIN 8000 to DIN 8999

o 2.8 DIN 9000 to DIN 9999
« 3 DIN 10000 to DIN 19999
3.1 DIN 10000 to DIN 10999
3.2 DIN 11000 to DIN 11999
3.3 DIN 12000 to DIN 12999
3.4 DIN 13000 to DIN 13999
3.5 DIN 14000 to DIN 14999
3.6 DIN 15000 to DIN 15999
3.7 DIN 16000 to DIN 16999
3.8 DIN 17000 to DIN 17999
3.9 DIN 18000 to DIN 18999

o 3.10 DIN 19000 to DIN 19999
« 4 DIN 20000 to DIN 29999

o 4.1 DIN 24000 to DIN 24999
o 4.2 DIN 28000 to DIN 28999

O O OO0 0O o o oo

O O O 0 oo

o

O O OO0 o o o o

o 5.1 DIN 31000 to DIN 31999
« 6 DIN 40000 to DIN 49999
« 7 DIN 50000 to DIN 59999
« 8 DIN 60000 to DIN 69999
« 9 DIN 70000 to DIN 79999
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DIN 1 to DIN 99

DIN
DIN 1 Cone Pins, untempered
DIN3 Standard measurements
DIN 5 Technical drawings - Axonometric projections, [sometric projection

DIN 5-10 Technical drawings - projections, terms

DIN 6 Projection displays in Normal, views and special presentations

DIN 7 Parallel Pins

DIN 11  Whitworth pipe threads 1/4"-6" Thread diameter, sizes, teaching information

ISO general purpose metric screw threads - Part 1: Nominal sizes for coarse
pitch threads; nominal diameter from 1 mm to 68 mm

DIN 13-1

ISO general purpose metric screw threads - Part 2: Nominal sizes for 0,2 mm,
DIN 13-2 0,25 mm and 0,35 mm fine pitch threads; nominal diameter from 1 mm to 50
mm

ISO general purpose metric screw threads - Part 3: Nominal sizes for 0,5 mm

DIN13-3 fine pitch threads; nominal diameter from 3,5 mm to 90 mm

ISO general purpose metric screw threads - Part 4: Nominal sizes for 0,75 mm

DIN13-4 oo pitch threads; nominal diameter from 5 mm to 110 mm

ISO general purpose metric screw threads - Part 5: Nominal sizes for 1 mm and

DIN 13-5 1,25 mm fine pitch threads; nominal diameter from 7,5 mm to 200 mm

ISO general purpose metric screw threads - Part 6: Nominal sizes for 1,5 mm

DIN 13-6 fine pitch threads; nominal diameter from 12 mm to 300 mm

ISO general purpose metric screw threads - Part 7: Nominal sizes for 2 mm

DIN 13-7 fine pitch threads; nominal diameter from 17 mm to 300 mm

ISO general purpose metric screw threads - Part 8: Nominal sizes for 3 mm

DIN13-8 fine pitch threads; nominal diameter from 28 mm to 300 mm

ISO general purpose metric screw threads - Part 9: Nominal sizes for 4 mm

DIN13-9 fine pitch threads; nominal diameter from 40 mm to 300 mm

ISO general purpose metric screw threads - Part 10: Nominal sizes for 6 mm

DIN 13-10 fine pitch threads; nominal diameter from 70 mm to 500 mm

ISO general purpose metric screw threads - Part 11: Nominal sizes for 8§ mm

DIN13-11 fine pitch threads; nominal diameter from 130 mm to 1000 mm

ISO general purpose metric screw threads - Part 12: 1 to 300 mm diameter

DIN 13-12 coarse and fine pitch threads Selected diameters and pitches

ISO general purpose metric screw threads - Part 13: Selected sizes for screws,

DIN 13-13 bolts and nuts from 1 to 52 mm screw thread diameter and limits of sizes

DIN 13-19 ISO general purpose metric screw threads - Part 19: Nominal profiles

ISO general purpose metric screw threads - Part 20: Limits of sizes for coarse
DIN 13-20 pitch threads with the preferred tolerance classes; nominal sizes from 1 mm to
68 mm
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ISO general purpose metric screw threads - Part 21: Limits of sizes for fine
DIN 13-21 pitch threads with the preferred tolerance classes; Nominal diameter from 1
mm to 24,5 mm

ISO general purpose metric screw threads - Part 22: Limits of sizes for fine

DIN 13-22 pitch threads with the preferred tolerance classes; Nominal diameter from 25
mm to 52 mm

ISO general purpose metric screw threads - Part 23: Limits of sizes for fine
DIN 13-23 pitch threads with the preferred tolerance classes; Nominal diameter from 53
mm to 110 mm

ISO general purpose metric screw threads - Part 24: Limits of sizes for fine
DIN 13-24 pitch threads with the preferred tolerance classes; Nominal diameter from 112
mm to 180 mm

ISO general purpose metric screw threads - Part 25: Limits of sizes for fine
DIN 13-25 pitch threads with the preferred tolerance classes; Nominal diameter from 182
mm to 250 mm

ISO general purpose metric screw threads - Part 26: Limits of sizes for fine
DIN 13-26 pitch threads with the preferred tolerance classes; Nominal diameter from 252
mm to 1000 mm

ISO general purpose metric screw threads - Part 28: Coarse and Fine Screw
DIN 13-28 Threads from 1 to 250 mm Screw Thread Diameter; Root Cross-sections,
Tensile Stress Cross-sections and Pitch Angles

ISO general purpose metric screw threads - Part 50: Combination of tolerance

DIN 13-50 classes for formed internal screw threads

ISO general purpose metric screw threads - Part 51: External screw threads for
DIN 13-51 transition fits (former: screw threads for interference fit); tolerances, limit
deviations, limits of sizes

ISO general purpose metric screw threads - Part 52: Multi-start thread

DIN13-52 tolerances and deviation of profile

Thread run-outs and thread undercuts for ISO metric threads in accordance
with DIN 13-1

Thread run-outs and thread undercuts for pipe threads conforming to ISO 228
part 1

Runouts, Undercuts for Trapezoidal Threads, Buttress Threads and Knuckle
Threads and other Threads of Coarse Pitch

DIN 78  Protrusions of bolt ends

DIN 84  Product grade A slotted cheese head screws

DIN 85  Product grade A slotted pan head screws

DIN 93  Tab washers with long tab

DIN 94  Split pins

DIN 95  Slotted Raised Countersunk (Oval) Head Wood Screws
DIN 96  Slotted Round Head Wood Screws

DIN 76-1

DIN 76-2
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DIN 100 to DIN 199

DIN
DIN V 105-1 gflalyzmasonry units - Part 1: Solid and hollow bricks with density classes
DIN V 105-2 ecciizlnllagonry units - Part 2: Solid and hollow bricks with density classes

DIN 105-3 Clay masonry units - Part 3: Tile and high strength-high-strength clinker
DIN 105-4 Clay masonry units - Part 4: Ceramic bricks

Clay masonry units - Part 5: Lightweight long-hole brick and light long-

DIN 105-5 hole brick panels

DIN V 105-6 Clay masonry units - Part 6: High precision units
DIN V 105-100 Clay masonry units - Part 100: Clay masonry units with specific properties

DIN 125 Washers; medium type, primarily for hexagon bolts
Product grade A washers - with a hardness up to 250 HV designed for use

DIN 125-1 with hexagon head bolts and nuts
Product grade A washers - with a hardness up to 300 HV designed for use
DIN 125-2 .
E— with hexagon head bolts and nuts
Product grade C washers - designed for use with hexagon head bolts and
DIN 126 nut
DIN 127 Spring lock washers with square ends or tang ends
DIN 128 Curved and wave spring lock washers
DIN 137 Spring washers, curved or wave
DIN 200 to DIN 299
DIN
DIN 201 Technical drawings; Hatchings; Representation of cutting edges and

materials

DIN 209 Machine Reamers with Screwed-on Blades

DIN 267-1 Fasteners - Part 1: Technical delivery conditions; General requirements
Fasteners - Part 2: Technical delivery conditions; Bolts, Screws, Nuts and

DIN 267-2 Similar Threaded and Formed Parts; Types and Dimensional Accuracy

DIN 267-3 Fasteners - Part 3: Technical delivery conditions; Property classes for carbon

———— steel and alloy steel bolts and screws; Conversion of property classes
Fasteners - Part 4: Technical delivery conditions; Property classes for nuts

DIN 267-4 .

————— (previous classes)

DIN 267-5 Fasteners — Part 5: Technical delivery conditions; Acceptance inspection;

modified version of ISO 3269, 1984 edition
DIN 267-6  Fasteners - Part 6: Technical delivery conditions; Designs and accuracy of
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DIN 267-7

DIN 267-9

DIN 267-10
DIN 267-11

DIN 267-12

DIN 267-13

DIN 267-15
DIN 267-18
DIN 267-19

DIN 267-20
DIN 267-21
DIN 267-23

DIN 267-24
DIN 267-25
DIN 267-26
DIN 267-27
DIN 267-28
DIN 267-29

DIN 267-30

DIN 276-1
DIN 276-2
DIN 276-3
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measurement for product grade F

Fasteners - Part 9: Technical delivery conditions; Bolts made of unalloyed or
low-alloy steels

Fasteners - Part 9: Technical delivery conditions; Components with
Electroplated Coatings

Fasteners - Part 10: Technical delivery conditions; Hot dip galvanized parts

Fasteners - Part 11: Technical delivery conditions (with additions to ISO
3506); Corrosion-resistant stainless steel fasteners

Fasteners - Part 12: Technical delivery conditions; Self-tapping screws

Fasteners - Part 13: Technical delivery conditions; Components for Bolted
Connections Made Mainly from Materials Exhibiting a High Impact
Strength at Low Temperature or from Materials with a High Temperature
Strength

Fasteners - Part 15: Technical delivery conditions; Prevailing torque type
nuts

Fasteners - Part 18: Technical delivery conditions; Components made of
Non-ferrous Metals

Fasteners - Part 19: Technical delivery conditions; Surface discontinuities on
bolts and screws

Fasteners - Part 20: Technical delivery conditions; Surface discontinuities on
nuts

Fasteners - Part 21: Technical delivery conditions; Widening test on nuts

Fasteners - Part 23: Technical delivery conditions; Property classes for nuts
with fine thread (ISO classes)

Fasteners - Part 24: Technical delivery conditions; Property classes for nuts
(Hardness classes)

Fasteners - Part 25: Technical delivery conditions; Torsion testing of M1 to
M10 bolts and screws

Fasteners - Part 26: Technical delivery conditions; Conical spring washers
for bolt/nut assemblies

Fasteners - Part 27: Technical specifications; Steel screws, bolts and studs
with adhesive coating

Fasteners - Part 28: Technical specifications; Steel screws, bolts and studs
with locking coating

Fasteners - Part 29: Technical specifications; Product grades for parts for
bolted connections for use at temperatures ranging from -200°C to +700°C

Fasteners - Part 30: Technical specifications; Metric thread rolling screws of
property class 10.9

Building costs; Part 1: Building construction
Building costs; Part 2: Classification of cost
Building costs; Part 3: Ascertainment of cost
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DIN 300 to DIN 399

DIN
DIN 315 Wing nuts with rounded wings
DIN 316 Wing screws with rounded wings

Preferred Numbers and Series of Preferred Numbers; Basic Values,
Calculated Values, Rounded Values

DIN 323-2  Preferred Numbers and Series of Preferred Numbers; Introduction

DIN 332-1  60° centre holes; types R, A, B, and C

DIN 332-2  Center holes 60° with thread for shaft ends for rotating electrical machines
DIN 332-4  Centre holes for rail vehicles axles

DIN 332-7  Machine tools; 60° centre holes; dimensioning

DIN 323-1

DIN 332-8  Centre holes 90°, form S; dimensions, determination process
DIN 332-10 Center Holes; Indications on Technical Drawings
DIN 338 Parallel shank twist drills, jobber series

DIN 400 to DIN 499

DIN
DIN 404  Slotted capstan screws
DIN 406-10 Engineering drawing practice; dimensioning; concepts and general principles
DIN 406-11 Engineering drawing practice; dimensioning; principles of application

Engineering drawing practice; dimensioning; tolerancing of linear and angular
dimensions (modified version of ISO 406:1987)

DIN 417  Slotted set screws with long dog point

DIN 427  Slotted headless screws with chamfered end
DIN 428  Hexagon nuts, Grade C

DIN 433  Washers for use with cheese head screws

DIN 406-12

Product grade A washers - with a hardness up to 250 HV designed for use

DIN 433-1 with cheese head serews

DIN 433-2 Pr.oduct grade A washers - with a hardness up to 300 HV designed for use
————— with cheese head screws

DIN 438  Slotted set screws with cup point

DIN 439  Hexagon thin nuts

DIN 439-1 Unchamfered hexagon thin nuts - Product grade B
DIN 439-2 Chamfered hexagon thin nuts - Product grades A and B
DIN 440  Washers for use in timber constructions

DIN 444  Eyebolts

DIN 461  Graphical Representation in Systems of Coordinates
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DIN 462 Machine Tools; Internal Tab Washers for Slotted Round Nuts for Hook
————  Spanner according to DIN 1804
DIN 464  Knurled thumb screws, high type
DIN 466  Knurled nuts, high type
DIN 467  Knurled nuts, low type
DIN 471  Circlips (retaining rings) for shafts; Normal type and heavy type
DIN 476  Paper sizes
DIN 476-2 Trimmed Sizes of Paper - C Series
DIN 477
DIN 500 to DIN 599

DIN
DIN 522 Metal washers; technical delivery conditions
DIN 551 Slotted set screws with flat point
DIN 553 Slotted set screws with cone point
DIN 555 M5 to M100x6 hexagon nuts - Product grade C
DIN 558 Hexagon head screws
DIN 580 Collar eyebolts for lifting purposes
DIN 600 to DIN 699
DIN
DIN 601 M5 to M52 hexagon head bolts; product grade C
DIN 603 Mushroom head square neck bolts
DIN 609 Hexagon fits bolts with long thread
DIN 625-1 Rolling bearings; single row radial contact ball bearings
DIN 625-3 Rolling bearings; double row radial contact ball bearings
DIN 625-4 Ercl)gmg bearings; radial contact groove ball bearings with flanged outer
DIN 653 Knurled thumb screws, low type
DIN 678-1 Envelopes - Part 1: Sizes
DIN 678-2 Envelopes - Part 2: Envelopes for Processing in Enveloping Machines,

Size C6 to C4
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DIN 700 to DIN 799
DIN
DIN 763 Tested, non-calibrated, long-link round steel chains

Calibrated and tested round steel link chains for continuous conveyors;
grade 2, pitch 3,5d

Calibrated and tested round steel link chains for continuous conveyors;
grade 3, pitch 3,5d

DIN 766 Calibrated and tested grade 3 round steel link chains
DIN 799-1 Foundation Blocks

DIN 764-1

DIN 764-2

DIN 800 to DIN 899

DIN
DIN 820-1 Standards Work - Part 1: Principles

Standardization - Part 2: Presentation of standards; examples for presentation
of figures, tables and part lists

DIN 820-3 Standardization - Part 3: Concepts
DIN 820-4 Standardization - Part 4: Working procedure

Standardization - Part 11: Presentation of Standards concerning safety
regulations which are VDE-Specifications or VDE-Guidelines

DIN 820-2

DIN 820-11

Standardization - Part 12: Presentation of standards concerning safety

DIN 820-12 .
——— — regulations

Standardization - Part 13: Adoption of European documents of CEN,
CENELEC and of ETSI; Concepts and presentation

Standardization - Part 15: Implementation of ISO and IEC international
documents; Concepts and presentation

DIN 820-13

DIN 820-15

Standardization - Part 120: Guidelines for the inclusion of safety aspects in
standards (ISO/IEC Guide 51:1999)

DIN 824 Technical drawings; Folding to filing size
DIN 899 Hand Operated Wrenches and Sockets; Technical Specifications

DIN 820-120

DIN 900 to DIN 999

DIN
DIN 908 Hexagon socket screw plugs with parallel screw thread
DIN 910 Hexagon-duty hexagon head screw plugs
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DIN 911
DIN 912
DIN 913
DIN 914
DIN 915
DIN 916
DIN 918

DIN 918-3
DIN 919-1

DIN 921
DIN 923
DIN 929
DIN 930

DIN 931-1
DIN 931-2

DIN 933

DIN 934

DIN 935-1

DIN 935-2
DIN 935-3

DIN 936
DIN 937
DIN 938
DIN 939

DIN 946
DIN 960

DIN 961
DIN 962
DIN 963

DIN 964
DIN 965
DIN 966

e rlall Pla Al duaigd b cualil) g dlbuall § asaail)

Hexagon Socket Screw Keys

Hexagon socket head cap screws (modified version of ISO 4762)
Hexagon socket set screws with flat point (ISO 4026 modified)
Hexagon socket set screws with cone point (ISO 4029 modified)
Hexagon socket set screws with full dog point

Hexagon socket set screws with cup point (ISO 4029 modified)
Fasteners; Terminology; Spelling of terms; Abbreviations
Overview of European Standards for fasteners

Technical Drawings; Wood Processing; Principles

Slotted pan head screws with large head

Slotted pan head screws with shoulder

Hexagon weld nuts

Fine thread pitch partially threaded screws

M1,6 to M39 hexagon head bolts - Product grades A and B

M42 to M160x6 hexagon head bolts - Product grade B

M1,6 to M52 hexagon head screws thread up to the head - Product grades A
and B

Hexagon nuts with metric coarse and fine pitch thread - Product classes A
and B

Hexagon slotted nuts and castle nuts with metric coarse and fine pitch thread
- Product grades A and B

M42 to M160x6 hexagon head bolts; product grade B

Hexagon slotted nuts with metric coarse pitch thread - Product grade C

MS to M52 and M8x1 to M52x3 hexagon thin nuts; product grades A and B
Hexagon thin castle nuts

Studs with a length of engagement equal to about 1 d

Studs with a length of engagement equal to about 1,25 d

Determination of coefficient of friction of bolt/nut assemblies under
specified conditions

MS8x1 to M100x4 hexagon head bolts with fine pitch thread - Product grades
A and B

MS8x1 to M52x3 hexagon head bolts with fine pitch thread - Product grades
A and B

Designation system for fasteners

Slotted countersunk head screws (with countersunk heads as specified in
ISO 2009-1972)

Slotted raised countersunk oval head screws
Cross recessed countersunk flat head screws
Cross recessed raised countersunk head screws
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DIN 970 Hexagon r}uts; Style 1; Metric coarse thread, Product grades A and B; ISO
—_ 4032 modified
DIN 971-1  Style 1 hexagon nuts with metric fine pitch thread; property classes 6 and 8
DIN 971-2 ?;yle 2 hexagon nuts with metric fine pitch thread; property classes 10 and
DIN 972 MS5 to M39 hexagon nuts; style 1; product grade C (modified version of ISO
—_ 4034)

DIN 975 Threaded rods

DIN 976-1  Metric thread stud bolts

DIN 976-2  Metric interference-fit thread stud bolts

DIN 977 Hexagon weld nuts with flange

DIN 979 Hexagon thin slotted nuts and castle nuts with metric coarse and fine pitch
— thread - Product grades A and B

DIN 980 All-metal prevailing torque type hexagon nuts

DIN 981 Locknuts for use with rolling bearings

DIN 982 Prevailing torque type hexagon nuts with nonmetallic insert
DIN 983 Retaining rings with lugs for use on shafts (external circlips)
DIN 985 Prevailing torque type hexagon thin nuts with nonmetallic insert
DIN 988 Shim rings and supporting rings

DIN 6000 to DIN 6999

DIN
DIN 6319 Spherical washers and conical seats
DIN 6325 Parallel Pins, Hardened; Tolerance Zone m6
DIN 6340 Washers for clamping devices
DIN 6738 Paper and paper board - Lifespan classes
DIN 6776 Technical drawings, labeling
DIN 6797 Toothed lock washers
DIN 6798 Serrated lock washers
DIN 6799 Lock washers (retaining washers) for shafts
DIN 6880 Bright Steel; Dimensions, Permissible Variations, Weights
DIN 6885-1 11221}\11; ;1;3;1,)% iz;t;t;i::egsn without Taper Action — Part 1: Parallel S,

DIN 6885-2 Drive Type Fastenings without Tgper Action - Part 2 Parallel Vs,
———— Keyways, Deep Pattern for Machine Tools, Dimensions and Application
DIN 6885-3 Drive Type Fastenings without Taper Action — Part 3: Parallel s, Shallow

DIN 6900

Pattern, Dimensions and Application
Screw and Washer Assemblies
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DIN 6901 Tapping screw and washer assemblies
DIN 6902 Plain washers for screw and washer assemblies
DIN 6903 Plain washers for tapping screw and washer assemblies
DIN 6912 Hexagon socket thin head cap screws with pilot recess
DIN 6914 High-strepgth hexagon head bolts with large widths across flats for structural
———— steel bolting
DIN 6916 Round washers for high-strength structural steel bolting
DIN 6921 Hexagon flange bolts
DIN 6922 Hexagon flange bolts with reduced shank
DIN 6923 Hexagon nuts with flange
DIN 6924 Prevailing torque type hexagon nuts with nonmetallic insert
DIN 6925 Prevailing torque type all-metal hexagon nuts
DIN 6926 Prevailing torque type hexagon nuts with flange and with non-metallic insert
DIN 6927 Prevailing torque type all-metal nuts with flange
DIN 7000 to DIN 7999
DIN
DIN 7045 Pan head screws with type H or type Z cross recess - product grade A
DIN 7245 Saw blades for web saws
DIN 7337 Break mandrel blind rivets
DIN 7343 Spiral Pins; Normal Type
DIN 7344 Spiral Pins; Heavy Duty Type
DIN 7346 Spring-Type Straight Pins; (Roll Pins) Light-weight Type
DIN 7349 Plain Washers for Bolts with Heavy Clamping Sleeves
DIN 7500-1 Thrgad rolling screws for metric ISO thread - Part 1: Types, designation,
——— —requirements
DIN 7500-2 Thread rolling screws for ISO metric thread; guideline values for hole
—— — diameters
DIN 7504 Self-dril'ling screws with tapping screw thread - Dimensions, requirements
———— and testing
DIN 7513 Hexqgon head and slqtted head thread cutting screws - Dimensions,
——— requirements and testing
DIN 7516 Cr0§s recessed head thread cutting screws - Dimensions, requirements and
—— testing
DIN 7603 Ring seals and gaskets
DIN 7962 Cross recesses for screws; (modified version of ISO 4757)
DIN 7970 Threads and thread ends for tapping screws (modified version of ISO 1478)
DIN 7971 Slotted pan head tapping screws
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DIN 7972
DIN 7973
DIN 7977
DIN 7978

DIN 7979
DIN 7980
DIN 7981
DIN 7982
DIN 7983
DIN 7984
DIN 7985
DIN 7991
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Slotted countersunk head tapping screws

Slotted raised countersunk head tapping screws

Taper Pins with Thread Ends and Constant Point Lengths
Taper Pins with Internal Thread

Parallel Pins with Internal Thread

Spring lock washers with square ends for cheese head screws
Cross recessed pan head tapping screws

Cross recessed countersunk head tapping screws
Countersunk (Flat) Head Tapping Screws with Cross Recess
Hexagon socket thin head cap screws

Cross recessed raised cheese head screws

Hexagon socket countersunk head cap screws

Standard Prefixes

Prefix used in code Prefix for written unit Multiplier

da- deka- 10
h- hecto- 100
k- kilo- 1000
M- mega- le6
G- giga- 1e9
T- tera- lel2
P- peta- lels
E- exa- lel8
Z- zeta- le21
Y- yotta- le24
d- deci- le-1
c- centi- le-2

m- milli- le-3

Ghaa ) Jaadd
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I mu- micro- le-6

I n- nano- le-9

I p- pico- le-12
t femto- le-15
I a- atto- le-18
| z- zepto- le-21
I y- yocto- le-24

Standard Units

—-—

Time
I second sec Is
| minute min 60 s
| hour hr 60 min
| hour hour 1 hr alternate symbol
I hour h 1 hr alternate symbol
day day  24hr
| shake shake 10 ns
| Hertz Hz 1 s”-1
~ LengthorDistanee
international foot  ft 0.3048 m
inch in 1.0/12.0 ft
| international mile mile 5280.0 ft
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international mile

milli-inch
Parsec

League

Astronomical Unit

Astronomical Unit

yard
Angstrom
Angstrom
furlong
fathom

Rod

U.S. survey foot

U.S. survey mile

point

pica

Celsius
Rankine

Fahrenheit

gram
gram

pound mass
Troy pound

carat (metric)

mi

mil

pc
league
ua

AU

yd
Ang
WAA
furlong
fathom
rd

sft

smi

pt

pica

gm
Ibm
Ibt

carat
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1 mile

0.001 in
3.085678e16 m
3 mile
1.49598ell m
1.49598el1 m
3 ft

le-10 m

1 Ang

220 yd

6 ft

16.5 ft

(1200./3937.) m

5280 sft

1./72.in

1./6. in

Temperature

1 K-273.15

5.0/9.0 K

1 R -459.67
Mass

0.001 kg

g

0.45359237 kg

0.3732417 kg

02¢g

alternate symbol

alternate symbol

alternate symbol

also called statue mile
Typeface Point

Typeface Pica

This is case sensitive.
(alternate symbol)
(avoirdupois)

(apothecary)
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slug

snail
Short Ton
Long Ton
Ounce

Grain

Pennyweight

Newton
Dyne

pound force
pound force
poundal

kilopound

kilogram force

Joule

British Therm. Unit
British Therm. Unit

British Therm. Unit

calorie
calorie
Calorie
electron volt
erg

Ton of TNT

slug
snail
ton
ton_1
0z

gr

dwt

N

dyn

Ib

Ibf
poundal
kip

kgt

BTU
Btu
BTU th
cal
cal th
Cal

eV

erg

TNT

e gl Pa

1 1b sec"2/ft
1 1b sec™2/in

2000 Ibm
2240 Ibm
28.34952 ¢

64.79891 mg

1.55174 g

Force or Weight

1 kg m/s"2
le-5N
Ibm G
Ibm G

1 Ibm ft/sec”2

1000 Ibf
kg G
Energy
I Nm
1055.056 )
1 BTU
1054.350 J
4.1868 J
4.184 ]
4.1868 kJ

1.602177e-19 ]

le-71J
4.184e9J

LGl dadigh) & uatil) g Dlual) g avanail)

(avoirdupois)

(International Table)
alternate symbol
(Thermochemical)
(International Table)
(Thermochemical)

(nutritionists)
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Power

Watt w 11/s

Horse Power hp 550 ft Ib/s

bar bar le5 N/m”"2
I Pascal Pa 1 N/m”2
I Pounds per sq. inch | psi 1 1b/in"2
| Pounds per sq. ft. psf 1 Ib/ft"2
 kilo psi ksi 1000.0 psi
I atmospheres atm 1.01325e5 N/m"™2

inches of Mercury inHg 3.387 kPa

millimeters Mercury | mmHg | 0.1333 kPa

Torr torr 1.333224 Pa

Volume or Area

Liter L 1/1000.0 m"™3

| gallon gal 3.785412 L
Pint (US. liquid)  pint | 1/8. gal

I Quart (U.S. liquid) qt 2 pint

Pint (U.S. dry) dpint | 0.5506105 L
Quart (U.S. dry) dat 2 dpint

| Acre acre 1/640.0 smi*2
I Hectare ha 10000 m"2

Barrel (petroleum) barrel 158.9873 L

Fluid Ounce oz fl 29.57353 mL

Gill (U.S.) gi 0.1182941 L

Peck (U.S.) pk 8.809768 L
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Tablespoon tbl 1/32. pint
Teaspoon tsp 1/3. tbl
Cup cup 16. tbl

Coulomb Co 1As Electric Charge
| Volt \Y 1 W/A Electric Potential
| Ohm ohm 1 V/IA Electric Resistance
| Ohm \Omega 1 V/A alternate symbol
| Faraday faraday | 96485.31 Co Electric Charge
| Farad farad Co/V Capacitance
| Stokes stokes le-4 m"2/s
Oersted Oe 79.57747 A/m
| Webber Wb Vs Magnetic flux
| Tesla Tesla Wb/m"2 Magnetic flux density
| Henry H Wb/A Inductance
| Siemens S AV Electrical Conductance
| Lux lux cd/m”2 [luminance
| Lux Ix cd/m”™2
| Lumen Im cd Luminous Flux
Stilb sb 10000 cd/m”2
Phot ph 10000 Ix
| Becquerel Bq s”-1 activity
| Gray Gy Jkg Absorbed Dose, kerma
| Sievert Sy Tkg Dose equivalent
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pound mole Ibmole
poise poise
Gravity's accel. G
Degree deg
Percent %
Knot knot
Miles per Hour mph
Gallon/minute gpm
Revolution/minute rpm

e rlall Pla Al duaigd b cualil) g dlbuall § asaail)

Other Quantities
1 mol Ibm/g
1 g/sec cm

9.80665 m/sec2

Pi/180

0.01

1852 m/hr
1 mi/hr

1. gal/min

360 deg/min

http://www.csgnetwork.com/converttable.html Version 1.3.1

quantity
viscosity
Gravity on Earth

Can be used to convert from
degrees to radians for trig
functions.

velocity
velocity

flow rate

GV Ol sl 13a L lalilastin) ) dagall Cilas

1 Mpa (Newton per square millimeter) = 145.0377 psi (pound per square inch)

1 kpsi = 6.894759 Mpa
1 N =0.224809024 Ibf
1 Ibf =4.44822 N

1 N.m = 8.850745 in.Ibf
1 Ibf =0.11298483 N.m

Imm (millimeter) = 0.03937 in (inches)

1 in =25.4000508 mm

1 kg =2.2045855 1b (pound mass)

1 1b=0.4536 kg
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Tolerance - geabusll)

Lo = sanne Aliald aa 65 4 Hhaill Clusdaall (e daiiall 4y 500 Clulall Gl (Say Y Glae
£ sasal) il 538 i ol it AT Sl o Qi ey By it bl s
: Leie 3k Bamy mabudll e umy | (tolerance) geluill L

Gils ) xaludll 4ad = )35 : (tolerance values) 44,k 5 (direct limits) 8 <lsall 3 gasd)
dadadl) alaal

Al a3y cnl.uﬂ\ ol ALy yhall sda & : (geometry tolerance) (edigd) ralidl)
Axkaill mhasy ddasi 5

.. :; Minimum

16 Spacing
3.53 ¢
EE.E@Q_F

%/

Tolerance values

—<——4.00 £ .003 —>

n

s

Direct limits

r

Geometry tolerance
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@.505-.525 : @w\ ‘uﬁ-ﬁ
4 @.006(M|A|DM|B
LTeniary Datum JANY cldanal)
Datum Material Alall Jards — Balal) cililana

Condition Modifier .
Ag oill) Cildanall
Secondary Datum

Primary Datum Al oY) Cildanal)
ngﬁfrilearl Condition Ll Al Juie
Tolerance bl

Diameter Symbol Indicating a v e -
Cylindrical Tolerance Zone (Aadlad) gl g dzali) el dadle

Geometric Characteristic T 4~
Type of . I
Pertainsto Tolerance |Geometric Characteristics Symbol
STRAIGHTNESS — &) giau) gl Aallic
Individual FLATNESS 7 b
Feature E
Onl}f orm . .
CIRCULARITY O d )i
CYLINDRICITY A 4 gl
Individual PROFILE OF A LINE ") L. .
Feature or ) b3 VRS EN
Related Profile
Features PROFILE OF A SURFACE £ . .
s O ila
AMNGULARITY = LQJJ"‘
Orientation )
PERPENDICULARITY | alad
PARALLELISM y/4 .
gJls
Related POSITION :
Features -q} Axa g
Location CONCENTRICITY © w
gl
SYMMETRY — U
CIRCULAR RUNOUT / i1 hﬁ\
Runout L-S‘)A G *
TOTAL RUNOUT o III/ ¢
A X Js
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galeal) ciladlaia) 5 ashlia

Max. Size
Upper Deviation _, | Max. Size o ol a8yl aall
Lower Deviation - Min. Size -
p Min. Size
Fundamental Deviation ?W ol oY) aal)
International /
Tolerance Grade . / Basic Size
‘;uu‘ﬁ\ u.u\.xsl\
7
é
Upper Deviation
Basic Size | N
N . - s stadl <l sy
Lower Deviation i
Upper Deviation Nl
FPer o e
= | Lower Deviation
L;é.ul\ ! );.'1}!\
/ L] L]
é Fundamental Deviation
_ —| | Fundamental Deviation — g;“’uy\ <l iyl
International = |
Tolerance Grade
MirL. Size Tolerance Grade
- - aaull) as Hall
Max. Size T )
] L

(Call) Aall (5 sbon el Hladl ansd) (sbll) 4l : nominal size — am¥) Gull
L eSS By ey aaall L3y AUl g Gl kil e

8y 5 Jliel 3 pear i 5 ¢ dadadll Al & el daddll ; basic size — sbal) (LAY
Al Y Al 11 aan Al Al Wia | haall aey JLEY) 2ae (55l Ll
1 :

YT 3 el asl g 2aal 138 483 1.2500
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L Cladadl) (pe s N Al ) sl 5 L) ¢ actual size — R8ad) (LAY

Aals o Legin ALaldll 5 dakadl) dlad) (o b g il Lid g (5 gocad o ; limits - 292ad)
c.q\_wﬂ\ dalhia ji

Aadadll dladl ) il (5 pemd Aad ; upper limit — gl 3

 Aadadll alayl (ge ki s daid 2 lower limit — (oAb 3

Ciladadl) ldail g Jalail i1 Al g dadll oY1 sl s : allowance — gass il
L Ol riadad o 4AY) AL ; clearance — dawdl)

bl gl a3 48 (piilalaia (e el JANN ; interference — JA)Alll
ClalNLe (piadad (G (Guall A )3 s : fit — AU

liudl 5 (5 slall 3l (4 40als ¢ tolerance zone — gealudl) ddhia

Aol Q,_HJ;Y\ Aall U_u\.u}?\ ool aad ladadll JA0a5 e.dﬂ (QLE} : hole basic — ual.u\ )
(B)MSS\LJJAJY\LJ);J\))HLJJQDAJJA‘E}M\()Lﬁu.gu))laﬁ

Gmﬂ‘ﬂ\ Aall L;_mb.u‘y\ bl ad ladadll JAlSS ?"M eU:'..'a : shaft basic — u.ul..u.n\ saall
(5 ) 2 3y il 5) Fcioallal ey 5 sl (6 i) s il
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s <aiual i s : International Tolerance Grade (IT) — 4aallall zabuill) 4 )
D IS 13 TSO U s (a4l e ¢ sl Al T yy 5 sl oyl

ITO | IT1 | IT2 | IT3 | IT4 | ITS | IT6 | IT7 | IT8 | IT9 | IT10 | IT11 | IT12 | IT13 | IT14 | IT1S | IT16

o oA zeabudll dle i (A ) $lEl
T =(0.45x3/D +0.001xD)x10°>(T¢-D

(Sie el (o Al (e aal s 5 G5 0Seall) im0 S0l s =Ll T
mm e el o Jass il owigh) Hladll D
odef Jsaall (8 55 2l g4 5 e pmaa 222 [TG

LSl cililant) 038 (pa JSI dpallad) praludil) 4 )

Aalaal) ITGrade| 2 | 3 | 4 | S | 6| 7 | 8§ 9 (1011 §12 | 13|14 15| 16

Lapping
Honing

Superfinishing

Cylinderical grinding

Diamond turning

Plan grinding

Broaching

Reaming

Boring, Turning

Sawing
Milling
Planing, Shaping

Extruding

Cold Rolling, Drawing

Drilling

Die Casting

Forging

Sand Casting

Hot rolling, Flame cutting
http://www.roymech.co.uk/Useful_Tables/ISO_Tolerances/ISO_LIMITS htm
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bl g gaall gf ¢ abiad Bl Cmia bl

Cald i) e sF Ca Caall 138 5 a8 5 (a3 sy ralaail) (S Lgi Lagd el Jalxil
Daall sl ol Gl e JL AN 5 pdie 5 Gl da i s oaSall gl i gaall e dladl
Z N e s Tan dldis gl J Cayall gos iy Cladadll Jalai oty J (A A (e g all ¢ il
o @bkl ol Jalai 7 el (piadad JabN riedadll (g i a5 Goaliiad Cladadl) Jala
i Lo Ciladadll J2035 500 Aanl@ll Cilsdiall Jglan g Jabaiall 138 | 5 puall o g jall Gl

\_,'-dh-dll H.ﬁﬂ.l'l
Hole Basic
KM N P

EFF e H lI II i iii}iiizﬂiZBzC
g

I
za

!XY z

ef f fg g h IIII!Itll

kmnpr

_j Shaft Basic

t.ﬂ""l""'l' _}_ja.a."l
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ISO Tolerances for Holes (1so 286-2)

Nominal hole sizes (mm)
6 10 18 30| 40| 50 | 65 | 80 | 100 | 120 | 140 | 160 | 180 | 200 | 225 | 250 | 280 | 315 | 355
10 18 30 40 50| 65 | 80 | 100 | 120 | 140 | 160 | 180 | 200 | 225 | 250 | 280 | 315 | 355 | 400
micrometres
+34 +43 +53 +66 +79 +94 +110 +129 +142 +161
+25 +32 +40 +50 + 60 +72 +85 +100 +110 +125
+40 +50 +61 +75 +90 +107 +125 +146 +162 +185
+25 +32 +40 +50 + 60 +72 +85 +100 +110 +125
+115 | +142 | +170 +210 +250 +292 +335 +390 +430 +485
+25 +32 +40 +50 + 60 +72 +85 +100 +110 +125
+175 | +212 | +250 +300 +360 +422 +485 +560 +630 +695
+25 +32 +40 +50 + 60 +72 +85 +100 +110 +125
+245 +302 +370 +440 +520 +612 +715 +820 +920 +1 015
+25 +32 +40 +50 + 60 +72 +85 +100 +110 +125
+22 +27 +33 +41 +49 +58 +68 +79 +88 +98
+13 +16 +20 +2 + 30 +36 43 +50 +56 +62
+28 +34 +41 +50 +60 +71 +83 +96 +108 +119
+13 +16 +20 +25 + 30 +36 43 +50 +56 +62
+35 +43 +53 +64 +76 +90 +106 +122 +137 +151
+13 +16 +20 +25 + 30 +36 43 +50 +56 +62
+14 +17 +20 +25 +29 +34 +39 +44 +49 +54
+5 +6 +7 +9 +10 + 12 +14 +15 +17 +18
+20 +24 +28 +34 +40 +47 +54 +61 +69 +75
+5 +6 +7 +9 +10 +12 +14 +15 +17 +18
+27 +33 +40 +48 +56 +66 +77 +87 +98 +107
+5 +6 +7 +9 +10 + 12 +14 +15 +17 +18
+9 +11 +13 +16 +19 +22 +25 +29 +32 +36
0 0 0 0 0 0 0 0 0 0
+15 +18 +21 +25 +30 +35 +40 +46 +52 +57
0 0 0 0 0 0 0 0 0 0
+22 +27 +33 +39 +46 +54 +63 +72 +81 +89
0 0 0 0 0 0 0 0 0 0
+36 +43 +52 +62 +74 +87 +100 +115 +130 +140
0 0 0 0 0 0 0 0 0 0
+58 +70 +84 +100 +120 +140 +160 +185 +210 +230
0 0 0 0 0 0 0 0 0 0
+90 +110 | +130 +160 +190 +220 +250 +290 +320 +360
0 0 0 0 0 0 0 0 0 0
+5 +6 +8 +10 +13 +16 +18 +22 +25 +29
-4 -5 -5 -6 -6 -6 -7 -7 -7 -7
+8 +10 +12 +14 +18 +22 +26 +30 +36 +39
=77 -8 -9 -11 -12 -13 -14 -16 -16 -18
+12 +15 +20 +24 +28 +34 +41 +47 +55 +60
-10 -12 -13 -15 -18 -20 -22 -25 -26 -29
+45 | +5.5 +6.5 +8 +9.5 +11 +12.5 +14.5 +16 +18
-4.5 -5.5 -6.5 -8 -9.5 -11 -12.5 -14.5 -16 -18
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g

+6 | +7.5 +9 +10.5 | +12.5 +15 +17.5 +20 +23 +26 +28.5
-6 -7.5 -9 -10.5 | -12.5 -15 -17.5 -20 -23 -26 -28.5
+9 +11 | +135 | +16.5 | +19.5 +23 +27 +31.5 +36 +40.5 +44.5
-9 -11 | -1355 | -16.5 | -19.5 -23 -27 -31.5 -36 -40.5 -44.5
+2 +2 +2 +2 +3 +4 +4 +4 +5 +5 +7
-6 7 -9 -11 -13 -15 -18 -21 -24 -27 -29
+3 +5 +6 +6 +7 +9 +10 +12 +13 +16 +17
-9 -10 -12 -15 -18 -21 -25 -28 -33 -36 -40
+5 +6 +8 +10 +12 +14 +16 +20 +22 +25 +28
-13 -16 -19 -23 -27 -32 -38 -43 -50 -56 -61
-1 -3 -4 -4 -4 -5 -6 -8 -8 -9 -10
-9 -12 -15 -17 -20 -24 -28 -33 -37 -41 -46
o 0 0 o 0 o 0 0 o o 0
-12 -15 -18 -21 -25 -30 -35 -40 -46 -52 -57
+2 +1 +2 +4 +5 +5 +6 +8 +9 +9 +11
-16 -21 -25 -29 -34 -41 -48 -55 -63 -72 -78
-5 7 -9 -11 -12 -14 -16 -20 -22 -25 -26
-13 -16 -20 -24 -28 -33 -38 -45 -51 -57 -62
-4 -4 -5 7 -8 -9 -10 -12 -14 -14 -16
-16 -19 -23 -28 -33 -39 -45 -52 -60 -66 -73
-2 -3 -3 -3 -3 -4 -4 -4 -5 -5 -5
-20 -25 -30 -36 -42 -50 -58 -67 -77 -86 -94
-9 -12 -15 -18 -21 -26 -30 -36 -41 -47 -51
-17 -21 -26 -31 -37 -45 -52 -61 -70 -79 -87
-8 -9 -11 -14 -17 -21 -24 -28 -33 -36 -41
-20 -24 -29 -35 -42 -51 -59 -68 -79 -88 -98
-12 -15 -18 -22 -26 -32 -37 -43 -50 -56 -62
-30 -37 -45 -55 -65 -78 -91 -106 -122 -137 -151
-12 -16 -20 -24 29 |-35|-37|-44|-47| 56| -58| 61| 68 | -71 | -75 | -85 | -89 | -97 | -103
-20 -25 -31 -37 -45 | -54|-56| -66 | -69 | -81 | -83 | -86 | -97 | -100 | -104 | -117 | -121 | -133 | -139
-11 -13 -16 -20 25 |-30|-32| -3 |-41|-48|-50|-53| 60 | -63 | -67 | -74 | -78 | -87 | -93
-23 -28 -34 -41 50 |-60|-62|-73 | -76 | -88 | -90 | -93 | -106 | -109 | -113 | -126 | -130 | -144 | -150

http://www.tribology-abc.com/calculators/iso_holes_frame.htm

£|T2B B
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ISO Tolerances for Shafts (1SO 286-2)

Nominal Shaft Sizes (mm)

over 3 6 10 18 30 40 50 | 65 | 80 | 100 | 120 | 140 | 160 | 180 | 200 | 225 | 250 280 315 355
inc. 6 10 | 18 30 40 50 65 | 80 [ 100 | 120 | 140|160 | 180 | 200 | 225 | 250 | 280 315 355 400
micrometres
PPl 270 |(-280|-290| -300 |-310| -320 |-340|-360|-380 | -410 |-460|-520 -580| -660 | -740 | -820 | -920 | -1050 |-1200 | -1350
-390 |-430|-470| -510 |-560| -570 |-640|-660|-730| -760 |-860|-920|-980|-1120|-1200 [-1280 |-1440| -1570 |-1770| -1920
46 -30 | -40 | -50 | -65 -80 -100 -120 -145 -170 -190 -210
-38 -49 | -61 | -78 -96 -119 -142 -170 -199 -222 -246
6 -20 | -25|-32| -40 -50 -60 -72 -85 -100 -110 -125
e 28 | -34|-43| -53 66 79 -94 110 129 142 161
-25-|-32 -| -40 - -50 -60 -72 -85 -100 -110 -125
SHASH-20 -200| 5 0 | 302 | 370 -440 -520 -612 -715 -820 -920 -1015
-13 -|-16 - -25 -30 -36 -43 -50 -56 -62
LISl -10 -15 19 | 24 [?0-29 -36 -43 -51 -61 -70 -79 -87
6 -10 | -13 | -16 | -20 -25 -30 -36 -43 -50 -56 -62
-18 22 | -27 | -33 -41 -49 -58 -68 -79 -88 -98
7 -10 | -13 | -16 | -20 -25 -30 -36 -43 -50 -56 -62
-22 28 | -34 | -ma -50 -60 -71 -83 -96 -108 -119
5 -4 5 | -6 -7 -9 -10 -12 -14 -15 -17 -18
9 -9 -11 | -14 | -16 -20 -23 -27 -32 -35 -40 -43
6 -4 5 | -6 -7 -9 -10 -12 -14 -15 -17 -18
9 -12 -14 | -17 | -20 -25 -29 -34 -39 -44 -49 -54
A ¢ -5 | -6 -7 -9 -10 -12 -14 -15 -17 -18
9 -16 -20 | -24 | -28 -34 -40 -47 -54 -61 -69 -75
“ha -0 -0 | -0 -0 -0 -0 -0 -0 -0 -0 -0
-4 -4 | -5 -6 =7 -8 -10 -12 -14 -16 -18
h5 -0 -0 | -0 -0 -0 -0 -0 -0 -0 -0 -0
-5 -6 | -8 -9 -11 -13 -15 -18 -20 -23 -25
h6 -0 -0 | -0 -0 -0 -0 -0 -0 -0 -0 -0
-8 9 | -11 | -13 -16 -19 -22 -25 -29 -32 -36
h7 -0 -0 | -0 -0 -0 -0 -0 -0 -0 -0 -0
-12 -15 | -18 | -21 -25 -30 -35 -40 -46 -52 -57
h8 -0 -0 | -0 -0 -0 -0 -0 -0 -0 -0 -0
-18 22 | -27 | -33 -39 -46 -54 -63 -72 -81 -89
ho -0 -0 | -0 -0 -0 -0 -0 -0 -0 -0 -0
-30 | -36 | -43 | -52 -62 -74 -87 -100 -115 -130 -140
h10 -0 -0 | -0 -0 -0 -0 -0 -0 -0 -0 -0
-48 -58 | -70 | -84 -100 -120 -140 -160 -185 -210 -230
h11 -0 -0 | -0 -0 -0 -0 -0 -0 -0 -0 -0
-75 -90 [-110( -130 -160 -190 -220 -250 -290 -320 -360
h12 -0 -0 | -0 -0 -0 -0 -0 -0 -0 -0 -0
-120 |-150]-180| -210 -250 -300 -350 -400 -460 -520 -570
i5 +3 +4 +5 +5 +6 +6 +6 +7 +7 +7 +7
J -2 -2 | -3 -4 -5 -7 -9 -11 -13 -16 -18
6 +6 +7 | +8 | +9 +11 +12 +13 +14 +16 +16 +18
J -2 2 | -3 -4 -5 -7 -9 -11 -13 -16 -18
7 +8 | +10|+12| +13 +15 +18 +20 +22 +25 +26 +29
J -4 5 | -6 -8 -10 -12 -15 -18 -21 -26 -28
P 2.5 | +3 | +4 | +45 +5.5 +6.5 +7.5 +9 +10 +11.5 +12.5
J -2.5 3| -4 | -45 -5.5 -6.5 -7.5 -9 -10 -11.5 -12.5
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+4 +4.5(+5.5| +6.5 +8 +9.5 +11 +12.5 +14.5 +16 +18
-4 -45]|-55| -6.5 -8 -9.5 -11 -12.5 -14.5 -16 -18
+6 +7.5( +9 | +10.5 +12.5 +15 +17.5 +20 +23 +26 +28.5
-6 -7.5]| -9 | -10.5 -12.5 -15 -17.5 -20 -23 -26 -28.5
+6 +7 | +9 | +11 +13 +15 +18 +21 +24 +27 +29
+1 +1 | +1 +2 +2 +2 +3 +3 +4 +4 +4
+9 +10 [ +12 | +15 +18 +21 +25 +28 +33 +36 +40
+1 +1 | +1 +2 +2 +2 +3 +3 +4 +4 +4
+13 +16 | +19 | +23 +27 +32 +38 +43 +50 +56 +61
+1 +1 +1 +2 +2 +2 +3 +3 +4 +4 +4
+9 +12 | +15| +17 +20 +24 +28 +33 +37 +43 +46
+4 +6 | +7 +8 +9 +11 +13 +15 +17 +20 +21
+12 +15 | +18 | +21 +25 +30 +35 +40 +46 +52 +57
+4 +6 | +7 +8 +9 +11 +13 +15 +17 +20 +21
+16 +21 | +25| +29 +34 +41 +48 +55 +63 +72 +78
+4 +6 | +7 +8 +9 +11 +13 +15 +17 +20 +21
5113 +16 | +20 | +24 +28 +33 +38 +45 +51 +57 +62
+8 +10 | +12 | +15 +17 +20 +23 +27 +31 +34 +37
+16 +19 | +23 | +28 +33 +39 +45 +52 +60 +66 +73
+8 +10 | +12 | +15 +17 +20 +23 +27 +31 +34 +37
+20 +25 +30 | +36 +42 +50 +58 +67 +77 +86 +94
+8 +10 | +12 | +15 +17 +20 +23 +27 +31 +34 +37
+17 +21 | +26 | +31 +37 +45 +52 +61 +70 +79 +87
+12 +15 ( +18 | +22 +26 +32 +37 +43 +50 +56 +62
+20 +24 | +29 | +35 +42 +51 +59 +68 +79 +88 +98
+12 +15 | +18 | +22 +26 +32 +37 +43 +50 +56 +62
+23 +28 | +34 | +41 +50 +60 | +62 | +73 | +76 [ +88 | +90 | +93 | +106 | +109 | +113 | +126 +130 +144 | +150
+15 +19 | +23 | +28 +34 +41 | +43 | +51 | +54 [ +63 | +65 | +68 | +77 +80 +84 +94 +98 +108 | +114
http://www.tribology-abc.com/calculators/iso_holes frame.htm
£ i “l - “ - ol
b)) QAAS\ b &-\.L\S. ) GALuuﬂ UA:J.' ) QLL\.\M“ )
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J6

EJSU}LJ}M\L;LMJQMMJQM

H7

2l o A pe JEY) 5 48 )all AL Ciladad

G6

L@.\\SALES'BJ;):\SJJ@EQMQ




36 e rlall Pla Al duaigd b cualil) g dlbuall § asaail)

aidl

o8 5 (bl g Gl sl o adiey Gl g 5 Lty Lag laadll 200 s 4530
AN 5 aldiad A (clearance fit) 58 (s 5 A senn Lein Lo Ciladadll 2335 8 YA
(interference fit) 3, sa sl 2 lara 55 58 23 5 M&) A (transition fit) 448 5 5
a5 meabodll g 55 g VA 38 i Jglaal o3a ¢ AN 4

1.1 Fitting, with Regularly Used Hole Adopted as Reference

T Holel _ Class of Tq[erapce Range for Shafts _
Clearance Fit Transition Fit Interference Fit
H6 g5 | h5|js5| k5 | mb
f6 | g6 | h6]js6| k6 |[m6] n6~™ p6 ~
H7 f6 | g6 | h6 ]js6| kb6 [m6| n6 p6 * 6™ |s6|t6|u6|x6
e/ | 17 h7 |js7
7 h7
H8 ed | 18 h8
d9 | e9
dg | e8 h8
1 c9 | d9 | e9 h9
H10 b9 | c9 | d9

Note : = An exception may arise according to the dimensional sectioning scheme.
JIS B0401

2.1 Fitting, with Regularly Used Shaft Adopted as Reference

Reference Shaf _ Class of qu_erapce Range for Shafts _
Clearance Fit Transition Fit Interference Fit
h5 H6 JJS6 | K6 | M6 N6 * P6
h6 F6 | G6 | H6 | JS6| K6 | M6 \[5) P6 *
F7 | G7 | H7 JJS7| K7 | M7 N7 P7* |R7|S7T|T7|U7| X7
h7 E7 | F7 H7
F8 H8
D8 | E8 | F8 H8
U D9 | E9 H9
D8 | E8 H8
h9 C9|D9|E9 H9
810/ G10 | D10

Note © = An exception may arise according to the dimensional sectioning scheme.
JIS B0401
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ALLOWANCE ——» MAX Interference

MAX Clearance Tolerance
]
27 N

-

* SHAFT 1.002

1.000
998 SHAFT 58 1.1301 ._

o (2222

clearance - aliad & 53 (e 2030 interference - A3l 200
: Jha
20mm - enY) kil
clearance . . o o
1 H8/f 7 Jawdl Jliall (o HiST ialiuad 23500)

19.959 ) 19.980 s sbow sl s f 7
20.033 ' 20.000 b & H 8
O35 74 A 20 sl (clearance) dsdll
$20.00H 8/f 7

: JUia

20mm e kil

H7/96 Sl Juall (e J8 [aliiad 2330l
19.980 I 19.993 55t Lsaall: Q6

20.021 & 20.000 & s i : H 7

O350 28 S 7 s (clearance) dswdll
$20.00H 7/96
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Surface Roughness — ghed) 45 923

5 bl 58] | LSS pieatl | aveadl 3 Ragall ol sl (po el el i 554
Cnd o Al cladadll SIS ¢ 5 AV Bl sal) 5 R 5 3l e el 5l die g
Soai ) o BAN Gany ol pdandl dgda 4y)) Jia) DS pa ol Bk ASilkue Gilea
gkt g Aakadll HuS b ) (5S35 al gl @l 8 Sl

s SIS B 230 S WIS Tadal) sl e i Cibie A diaga 5 e G588 ke

g i) daadll

s s

dasnd e (pw dae Ra . g skl e grd 5 40584 (el 5 il 43y Hhall 03¢y Glaiay <l
s €1 ) B 2ae) 138 S WS (5 Saal) o el

PEN TR USA:\(Lay symbol) ?“"’L P L._;J\ LSkl
bl i 5 el Aniall g0 (50
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Lay Surface
symbol pattern Description

Lay is parallel to line representing
surface to which symbol is applied.

Il

Lay is perpendicular to line representing
surface to which symbol is applied.

Lay is angular in both directions to line
representing surface to which
symbol is applied.

:;/\W()@ Lay is multidirectional.

Lay is circular relative to center of
surface to which symbol is applied.

Lay is approximately radial relative
to the center of the surface to which
symbol is applied.

Lay is particulate, nondirectional,
or protuberant.

V| DO | Z| X| F

Maximum waviness Maximum waviness

height I } width

0.002-0.5
0.030«——— Cutoff length

Maximum R, ——» 63
Minimum R, —— 32/ 4~ Lay symbol
| | 0.010 -—— Maximum roughness spacing

T

Surface Roughness Specification
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Materials - 3 sl
5 sl Aaglie G S bl e at] SIS gl maadll 8 ) sall aads
O 5 (yield) g =3l 5 (share stress) o=dll 5 (tensile stress) sl Glilea)
SN il e J gl dlld 5 o) gall daglaal oY) 3l il plaill s2a G, (fatigue)
5 apanailly Lale aaied Al g USIL 5 _iliall o sall daslie JUal) Qi e ¢ o) gall i) b
Dt N sall A
S, <200kpsi =S/ =0.5xS, ¥l
S, >200kpsi =S/ =100kpsi 3Vl

S, <88kpsi =S =0.45xS,, a3 uas s cuall yaa
S, >88kpsi =S, =40kpsi Al aaa o caall das
3 sall e glaal oa8YI 3N S
(Endurance Limit) Jesill 3 4a 450 S/
5y el o3gr Jalae U el ¢ Janill 3 gl =DlaY 5 i gal) Jal sal
S, =k, xk, xk, xk, xk, xk, xS/
k 2 Surface condition modification factor
k p Size modification factor
k . Load modification factor
k ¢ Temperature modification factor
ke Reliability factor
kf Miscellaneous-effects modification factor
S, duidall dakaill Jaatl) dn daglia ¢ S dulal) dadadll Jaatl) 3a A gl

M\.\&L&AX\@MMJM\&_\M&



41 e rlall Pla Al duaigd b cualil) g dlbuall § asaail)

oY) AdATl) B ) gall ad 5 Ay
1.XXYY
o il 138 b
M HAU 1 A8
Jodadl A laS Laa g ¢ Y gl Aualad) cladldial) (s XX (e i)

00 Base Steel
01 |General Structural Steels with Rm < 500N/mm?2

Steels with average carbon
03 C<0.12% Or
Rm <400N/mm?2

Steels with average carbon
04 C>0.12%<0.25% Or
Rm > 400 < 500N/mm?2

Steels with average carbon
05 C>0.25%<0.55% Or
Rm > 500 < 700N/mm?2

43 |Stainless Steel Ni>2.5%

44 Stainless Steel Ni> 2.5%
+ Mo

48 Heat Resistant Stainless Steel Ni > 2.5%

3 581 Sl Gl YYY e )
9¢44 55,)” O g2y (Stainless Steel ) laall eju*“ 3Y gl Led 1.4404 5 1.4401 V8l e
Caal g A58l leaiiall I3V sall 138 CadUAT L g AN

AISI / SAE als 4 ad
Y 5l A s U A ghall Al (i G gAY el Balall g g5 G 691 (e )

XX XX

Type of Amount of
material carbon present
selected in the steel
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AISI/SAE Steel Numbering System

10XX |Plain carbon, Mn 1.00% max
Carbon steels 11XX

Resulfurized free machining
12XX | Resulfurized/rephosphorized free machining
15XX |Plain carbon, Mn 1.00-1.65%

Manganese steel 13XX |Mn 1.75%
23XX |Ni 3.50%
25XX  Ni 5.00%
31XX |Ni1.25%, Cr .65-.80%
32XX Ni 1.75%, Cr 1.07%
33XX Ni 3.50%, Cr 1.50-1.57%
34XX |Ni 3.00%, Cr .77%
40XX Mo .20-.25%

Nickel steels

Nickel-chromium steels

Molybdenum steels

44XX Mo .40-.52%
Chromium-molybdenum steels 41XX Cr .50-.95%, Mo .12-.30%
Nickel-chromium-molybdenum 43XX Ni 1.82%, Cr .50-.80%, Mo .25%
steels 47XX Ni 1.05%, Cr .45%, Mo .20-.35%

46XX Ni .85-1.82%, Mo .20-.25%
48XX Ni 3.50%, Mo .25%
50XX |Cr .27-.65%
51XX |Cr .80-1.05%

Chromium steels 50XXX | Cr .50%, C 1.00% min
51XXX |Cr 1.02%, C 1.00% min
52XXX |Cr 1.45%, C 1.00% min

Nickel-molybdenum steels

Chromium-vanadium steels 61XX | Cr .60-.95%, V .10-.15%
Tungsten-chromium steels 72XX W 1.75%, Cr .75%
81XX Ni.30%, Cr .40%, Mo .12%
Nickel-chromium-molybdenum 86XX  Ni.55%, Cr .50%, Mo .20%
steels 87XX Ni.55%, Cr .50%, Mo .25%
88XX Ni.55%, Cr .50%, Mo .35%
Silicon-manganese steels 92XX |Si 1.40-2.00%, Mn .65-.85%, Cr 0-.65%
93XX  Ni 3.25%, Cr 1.20%, Mo .12%
Nickel-chromium-molybdenum 94XX  Ni.45%, Cr .40%, Mo .12%
steels 97XX  Ni.55%, Cr .20%, Mo .20%

98XX Ni 1.00%, Cr .80%, Mo .25%
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Wida o ¢ sl A il 5 N ) gl

CU:‘ JlSS‘ UJLG SYJQ

>
| | | |

0.0% 0.5% 1.0% 2.0% 3.0%  Ossd L

— Y 5] 43 324 ) ——
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3N S8l AICal) (ol pA) Ao pualiad) i)

dalaatl Aalag

dda) Al dslig
JSU Al 4 glaal)

Hardness
Strength
Yield Point
Elongation
Machinability
Forgeability

ALY Mk da gliall
Resistance to Wear
Resistance to Corrosion

GoSeludd)

_>
N
N
=
s
-

Si

Sl
Mn , for perlitic steels

Sl
Mn, for austenitic
Steels

ps s

Cr

Jssill
Ni, for perlitic steels
s
Ni, for austenitic steels
pgia ol

o 3 (]

S alil) i 3ab M S agud) dae S LalS | Al g

2 5
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Ailalading g 3 gdl) £ 58l Lan

A_a)adiu) Nl 3

nall O ¢ J}L‘d\‘ u.nﬁﬂ\c Chalaall ¢ Dlall 1.0401

Ml g Aiosall M allS AL A 0 Fa glie I3 Ciladad | 1.5732

Sl Sl ¢ de yull Q\):\ﬁ}@y\ il yaatlly Alies yuall g yill Ciladad 1.5860

‘)JIAA ¢ (P JLL) ¢ Alie O lae 1.5919

duad s 8 i s cladad | 1.6757

dcLlall Al 3 4SSl ¢l Jal) ¢ elSiad daglie ciladid | 1.7012

I8 all mi ) g ¢ ymadl 5l IS NS Aa glie ciladad | 1.3401

Claiall ¢ 48 jladll ¢ guenll cncdl Ul | 1.1525

Balasd) ) ¢8 ¢ 48 yhaa 1.1625

OGS a | 1.1663

iall uile | 1.1830

Uil Sl | 1.3202

L) Al B[ 13207

51 s e ¢ e ¢ Adal Al 8| 1.3243

Sl Al | 12241

L gadl ¢ sl Sy | 1.2248

Al Al Cailie e g alall Caslia Y gall 1 ¢ JSUD 5 anSlill 4o e ciledad | 1.3802

il Aelin 8 Canlia Y il 138 ¢ aSlill Ao jlie cilakad | 1.3952

JSUN g 2kl o glia ¢ bl 5 il delival Caulia Y &l 12 | 1.3966

SRl 3 s olaY) delial Calia g3 jall o glie 3V 8 138 | 1.4722
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slall 5 A jiall il gl delical Canlia (el sall o glae o JSUI 5 ansSlill 4 glia | 1.4000

Oatia ¢ IS i ¢ e ke ¢ il | 1.4001

Giall deliva 8 Dlia 323080 AlasSl) 5 A8l ol 50l A glaall Cladadll | 1.4460

el G Aelial Caulia s jall aglia | 1.4823

Criandl o)) il culadad | 1.4837

Criand) A ) 5 Y el sapadl) AU @l sl 55 ,all e | 1.4857

i) o AY calie A el da 3 1200 V30 sl sty 3Y 5l s | 2.4879
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103

1o~

Absolute viscosity, reyn

1077

108

10

e rlall Pla Al duaigd b cualil) g dlbuall § asaail)

Lubrication and Journal - Ju_ s g < 33l
iy (gAl saall (e ¢ 3> (journal) JU sl
ol daraiay a8 g g Jeadl) e

F du

Iy aa gl oy aila
Aﬂdy > 5l o5

T =

zslaaxj\ A 3‘9§S\ F ‘L;;ﬂgﬂ}jj\ u Al alal) &:J“)gij dy AJ:‘)aad‘ &:J“)gij du

4alis g 3‘)\‘):5 L:JL;s‘)J (;?é Lji\‘jaad\ U 2.;5‘9~}j z_ungtlia Ljﬂj.l;s

Air

a

100 150 200

Temperature, “F

s Al 5 Jesall st A degadl dalaall (30 s220 U (sommerfeld) 2lé e s 23

93 Jaall

— (AN

e 558l gl haall po il jealloae N oAaa g3, JU el il Caial ¢ oald wgwdae
JM\)JHJJQ\#M%&)Q\@}@M\MM\CM\cﬂ:u.n'&d;)
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q\;é\*@bému ledsh 5 W ki ail shul oo s ke JUeall Jala ) sadll

Lage dda 52 sall Jglaadl (e e slrall (any Uil LaglBA (a (Say alid ye gus 220

clearance

Position of minimum film thickness ¢ (deg)

L0

80

70

60

50

Journal

Line of centers

—

i ~./
_\h"\._ T
SN

/

.
A
N0

Proux

G ) Ak daliual dlald JB) Lgad aly Al 4y gl 31

Chart for determining the position of the minimum film thickness hq. (Raimondi and Boyd )

!;’Jd: o /
1
1/2
174
0 0.01 0.02 0.04 0.06 0.1 0.2 04 060810 2 4 6 8§ 10

2 T
. . r )2l
Bearing characteristic number, § = (r) D
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Ul i Caai G (3l (o 5 4xpdadll Abaldll ¢ Led (gana Y 220 o %f Lpnll (s

Dot Al o2 Al Gl SN ale f JUsall had Caai p ) sall

Chart for cosfficientotHriction variable: note that Pefroff's equation is the asymptote. (Raimond)i and Boyd.)
.

Coefficient-of-friction variable L'C fldimensionless)

0 0.01 0.02 004 006 0.1 0.2 0.4 (6 0810

[ o)
=
=)
o0

10

: . ry2ueN
Bearing characteristic number. =\ ¢ ) 5~
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% Juusall B 3l (385 cildata

rc i
Caai o (3 Al oA g ag kil alaldl) ¢l peall dae N JU sl il ol w3l (345 Q
osaall 5 JUsall i

Chart for flow variable. Nofe: Not for pressurefed bearings. Raimondi and Boyd.)

-".»’(.I'-_-J/_
6
5
& 4
=
c
=
‘:qu .
=
z
=
[
+
2 5
XN
I
0
0 001 002 004 006 0.1 0.2 04 06 0810 2 4 6 810

3 AT
. - ry 2N
Bearing characteristic number, § = ( r } P
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P ey 3 daliia Jaiial alinl) 4l

max

Ada o2 b p:% oY) laiall Py 3l Ak Aaliia sl aliall el P
.. =Rt

dusall e (M o550 w

Chart for determining the maximum film pressure

1.0
0.9
1/dl = oo LA TP P P T

= | B0 0.8
A
pa—

« 0.7
al B

Maximum-fil m-pressure ratio

0 001 002 0.04 006 0.1 0.2 04 060810 2 4 6 810
Bearing characteristic number, § = ( ;— )2 %
AiaY) Jale Jsa mmia g
T = fxWxr (5sbon ol MaY) 5 8 e 2l a0all f W 55kt SASEYT e asilill 5 58l

T=fxWxr=T=1fx2rIP)x(r)=2r>xf xIxP

o) Tzﬂ%zm 5yl o3 s 3 (538 (pe ajall i (S SIS

f :27r2ﬂx£
=)

c
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a5l Gllasall Gl il 5 Clazall (e de sene () dalany G JUsall areall
Craad 5 Cu il e st i el Taw | Jdall 5 laalS sl ¢ JUsal) aleaty (A
5l Aa )y s Cany SIS JU ) sl 8 paall dddizs g lazall ol aall 5 i) laia
ol Ak ddlais J8 Ladie | 3 ) paldl da o b)) ae e Gyl (atlad Y (5 puadll
O ol QU sl a5 saall (g (el Caangy 9 o ) (e didall 028 (8 3 Lay ) JU 52l
Lal 5 gleall 4ol pled 0K 1 5 o) U JSE 350 pall ol I o ol

Gl e g5 ) alag) S Banaa Cilpa il Cilaalad) 3ale Y s Glal L)

Moy 510 A8 da Jaliiial Lial) Aagdl)
c

Y {dimensionless)

i
-

s variable

Minimum-film-thicknes

L0

0.9

0.8

0.6

0.5

04

Syl

Chart for minimum film-thickness variable and eccentricity ratic.

I
~ 0.4

ut
}
—
7
"
Eccentricity ratio € ( dimensionless )

0.01

0.02

004 006 0.08 0.1 0.2 04

0.6 08 L0 2 4 6 g 10

TN
Bearing characteristic number. § = {\Cf) "LT
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Jusal (A w3l 30 a da
:\L.i\)j‘ a.l@_tumz\.iauju\ U;LJJ‘SJ‘PXAJJU.A.SZJ

TaV=T1+£
2

3)\)&5\3\.;)3‘):\&3 AT 2\,:‘3\3:‘3\‘“—‘;"}5\3)\‘)32-%)31-1 &AM\QJ\EJ\}:\;JJTW

AT}SJ\)&M:\;JJQ\MMJJ@\ \J@.\usw_"h.u

1.0
9.70 AT or 0.120 AT
J:;:-si 'PMP:]
6.0
i7d | 9.70 AT, ":‘ﬁ:-si or 0,120 AT/ Pyp,
P 50 || 0.349 109 + 6.000 405 + 0.047 46787
-'."d;' /2 | 0,304 552 + 6.392 5275 —0.036 01357 é = _11
':; 1/4 | 0933 828 + 6,437 5125 —0.011 04887
€ 1.0
&
5‘
=3 i I
% 3.0 3=7
E.,
2 2.0
1.0
0.01 2 3 4 567801 2 3 4 5678 1.0 Sommerfeld Number

psiu._uajaiubl\ 9 Culed el Cues 3 ) Al 9.70x AT, aday) 5l sdgn (it S0 (‘.\M\ <
P . .

psi
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Viscasity=emperature chart in S| units,

Absolute viscosity (mPa-s)

“10 20 30 40 50 &0 70 50 00 100 1100 120 130 140

Temperature (°C)
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Table 2. Comparative Viscosity Classifications

Kinematic Saybolt
Viscosities Viscosities
oSt ¢St IS0 AGMA SAE SAE SUS SUS
@40°C @100°C VG Grade Crankcase Gear @100°F @210°F
2000 — — 10000
— 70
— 8000 — 300
—o0 — 6000 L
1000 — 50 — 5000
80— | 40 — 4000 :200
600 — |4 — 3000 B
500 —
400 — — 2000 Tl
v— | L 1500 i
2 100
200 — — 1000 — 90
800 80
— 600 — 70
] L 500
B 10 60
| g L 400
& 55
60 — — 300
™ 50
50 — — 200
40— 6 — 45
30— 5 — 150
—4 100 L 40
20 — SW. OW
10 — 60
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Cable or Wire Rope - 4l Juall i Jilst)
GAY) (al e V) (any (8 54 sal) g Al g ALl Culadl )l adiind 4S0lS dalad

& e il 38 Jlilisy 5 (lang lay) s (regular lay) (e 5 e (A 5 daall 5 aall

- - S UKD LY Al Jlall U ik
e e
e Cise A1 el Jlll Lot (e 5l (130
%é—_
Regular Lay Lang Lay . TJL"‘“T) s

LIS LS A el alBae (e i 5Sie diaall Jlal)

Strand Core Ml gf ousl) e 3S pal)

oo
P
S
[

S A ) Jaall

Wire Rope (Al Jiad)

Aldl Wire

Lgaral) Jlal) jhd bl da sl Al )

lgiga 9 Jual g i

Right Regular Lay  Left Regular Lay Right Lang Lay Left Lang Lay
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1x7

A wire rope which
has jumped a sheave

A rope failing from fatigue
after bending
over small sheaves

/ Rope break due
;. to excessive strain

dgizeal) Jad) L G et ) Cleaiall £ il
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6x19=114 LY aae 53 @l 19 Lgie JS 8 6 L il damall Jlall sae
10% x 114 =11.4 SLY) aae (e Akl 85 jde
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Minimum Factors of Safety for VWire Rope™®

Track cables 3.2 Passenger elevators, ft,/min:
Guys 3.5 50
300
Mine shafts, fi: 800
Up to 500 8.0 1200
] '000*200'3‘ 7'3' ] 5,:”3
2000-3000 &.0 N .
Ower 3000 50 F|eé%ht elevators, ft,/min:
Hoisting 5.0 300
Haulage 6.0 800
Cranes and derricks &.0 1 QEE
Electric hoists 7.0 1500
Hand elevators 50 Po'ggred dumbwaiters, ft/min:
Private elevators 7.5 300
Hand dumbwaiter 4.5 500
Grain elevators 7.5

7.60
@.20
11.25
11.80
11.90

6.65
8.20
10.00
10.50
10.55

® o b
oo

*“Use of these factors does not preclude a fatigue failure.
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WireRope Data Source: Compiled from American Steel and Wire Company Handbook.

Minimum Modulus
Weight Sheave Standard Size of of
per Foot, Diameter, Sizes Outer  Elasticity,* Strength,’

Ibf in d,in  Material Wires Mpsi kpsi

6 x 7 havlage  1.50d? 42d -3 Monitor steel d/@ 14 100

Plow steel d/9 14 Ba

Mild plow steel d/9 14 76

6 x 19 standard  1.60d? 26d-34d %—2% Monitor steel d/13-d/16 12 106

hoisting Plow steel d/13-d/16 12 Q3

Mild plow steel d/13-d/16 12 80

6 x 37 special  1.55d? 18d 132 Monitor steel d/22 11 100

flexible Plow steel d/2?2 11 B8

8 x 19 exira 1.45d% 21d-26d JT_% Monitor steel d/15-d/19 10 Q2

flexible Plow steel d/15-d/19 10 80

7 x 7 aircraft 1.70d? — %—% Corrosion-resistant — — 124
stesl

Carbon stesl — — 124

7 % @ aircraff 1.75d? — é——]% Caorrosion-resistant — — 135
steel

Carbon stesl — — 143

1Qwire aircraft  2.15d? — %—% Corrosion-resistant — — 165
steel

Carbon steel — — 165

*The modulus of elasticity is only approximate; it is affected by the loods on the rope and, in general, increases with the lfe of the rope.
TThe stength is based on the nominal area of the rope. The figures given are only approximate and are based on 1 rope sizes and -in aircrft-cable sizes.




No

10

11
12

13

14

15
16

17

18

19

20

61

Numerical
Designation

6x7
6x8

6x17
6x17
6x19

6x16
6x19
6x19
6x29
6x33
6x37

6x19
6x29
6x33
6x37

6x12 Running Rope

6x24
6x30
6x6x7

8x19
8x19
8x19

Trade Name

Coarse Laid
Rope

nnn

Seale

n

Flexible Seale

Special Seale
Roebling
Special Seale
Modified
Seale
Special Seale

nn

nn

Warrington
Patented

n

Mooring Line
Galv. Hauser
Tiller Rope

Seale
Roebling
Special Seale

CEHTER WIRES‘

1

1

e rlall Pla Al duaigd b cualil) g dlbuall § asaail)

Arrangement of Wires

Inside
Wires

S* L*

SpPAacCcER WIRES

Outside

Wires
S L

10

10

12

14

16

18

12

15

18

Type of
Center

Hemp

Hemp

n

"

7-Hemp
Centers

nnn
nnn

nnn

Hemp

n

ToTAaL JUTSIDE
YWIRES IM ROFPE

(8]
(@)

b
oo N

54

60
48

60

72

84

96

108
72

84

96

108
72

90

108

216

72

VWWIRES 1K RORPE

ToTaL Mo,

B~
[\

S
(o¢]

102

114

126
102

126

150

174

198

222
114

174

198

222

v
8]
L
I
wk Remarks
w0
o=
ITRIT]
e
w k-
raly
17 Coarse Laid
23 Group
28

32 Seale Group

144 |-

180

252

152

36
28
36
44 Special
49 Seale Group
54
58
43
Outside Wires
47 in Two
Diameters
52 Spaced
Alternately
56
Multiple Hemp
_ Center Group
32 Eight Strand
Group
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8x19 Warrington

21 Modified |1 - 5 5 - 110 80 168 36
Seale

22 1 - 6 - 6 6 96 (152 43
23 1 - 6 |6 |- |12 96 200 44
24 Non-Rotating |1 -~ - - -6 72 1126 |--

18x7 Metallic Hemp
25 Center 1 — = | - |6 7-Wire (36 49 - .

7x7 ) Miscellaneous

3x7 Guard Rail Strand Group
26 x4 Rope 1 - - - - 6 None |18 21 |--

Mast arm Hemp

27 Rope -- - - |- - 4 36 36 |-

http://www.inventionfactory.com/history/rhawire/wireengn/wire/consttbl.html
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alalll i dalua A

Ft
r=-L
A
EEUIRVENY,
{5 il 3 4
ebﬂ\tkﬁ.az\;\...mA
) ciad Jilal) aladll da g\ia
F coso
—pF o=
A
palll )y &
1000M . e . o
U:W— ()Mu.a).u)gg).\d\e\.kﬂ\@
12M . . .

alalll b adaie Jalaa W 5 ¢ (s ishy ol yia (5ig0) Al a e M

(section modulus of throat area of weld)
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Section Modulus of Throat Area of Butt Weld
[mm?, in]
Active Load-bearing
Length

Weld Illustration

Full Weld Length

_sL-2sF
W &)
_ s¥L-2sYf
3-L-25)+185
oS k-2
6

W = Section modulus [mm3= i113]

s = Plate or tube thickness [mm, in]
L. =Length of weld [mm, in]

M =pi(3.14157)
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Welding Symbols
Standard Location of Elements of a Welding Symbol

FINISH SYMBOL GROOVE ANGLE; INCLUDED ANGLE
OUR SYMBOL OF COUNTERSINK FOR PLUG WELDS
ROCOT OPENING; DEPTH OF FILLING
GROOVE WELD SIZE - FOR PLUG AND SLOT WELDS
LENGTH OF WELD
DEPTH OF BEVEL; SIZE OR PITCH (CENTER-TO-CENTER
STRENGTH FOR CERTAIN WELDS SPACING) OF WELDS
SPECIFICATICN, - l LD
PROCESS OR @ W
OTHER REFERENCE E g Ea -
o WELD-ALL-
ARCUND
SYMBOL
E 8w
'
TAIL {OMITTED 2 5 @
WHEN REFERENCE
1S NOT USED)

N) REFERENCE LINE
WeLD SYEoL / ( AEFERENCE LKE 10
NUMBER OF SPQOT, SEAM,

STUD, PLUG, SLOT, ARROW SIDE MEMBER -

OF JOINT OR ARROW
OR PAOJECTION WELDS SIDE OF JOINT

ELEMENTS IN THIS AREA AEMAIN
== AB SHOWN WHEN TAIL. AND
ARROW ARE REVERSED
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SYMBOLS FOR FILLET, SQUARE GROOVE,AND BEVEL

$YMBOLS FOR V-GROOVE, J-GROOVE

GROOVE WELDS

AND U-GROOVE WELLS

SECTION
APPLICATION  |DESIRED WELD | op enD ELEVATION PLAN
ARROW-SIDE
FILLET WELD
OTHER=-5SIDE
FILLET WELD
BOTH-5IDES FILLET

WELD,DNE JOINT

BOTH=-SIDES FILLET
WELD, TWO JOINTS

ARROW-SI0E SQUARE
GROOVE WELD

BOTH-SIDES SOUARE
GROOVE WELD

ARROW-SIDE BEVEL
GROOVE WELD

BOTH-BIDES BEVEL
GROOVE WELD

ARROW-SIDE
V-GROOVE WELD

BOTH-EIDES
V-GROOVEE WELD

ARROW-S10DE
J-GROOVE WELD

3 110 i) 1 o R L B

BOTH-SIDES

J-GROCVE WELD

ARROW-SI0E I.I -
U=GROOVE WELD

BOTH-SIDES r @

U-GROOVE WELD

R B

3O BEESANRK

DR 3 g
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AWS Elecirode Tensile Strength Yield Strength, Percent
Number* kpsi (MPa) kpsi (MPa) Elongation

E6Oxx 62 (427 50 (345) 17-25
E/Oxx 70 1482 57 1393) 22
E80x 80 (551) 67 (462) 19
EQOxx Q0 (620 77 1531) 14-17
E100xx 100 (689) 87 (600) 13-16
E120xx 120 (827) 107 (737) 14

Allowable Steady loads and Minimum Fillet Weld Sizes

Schedule A: Allowable Load for Various Sizes of Fillet Welds

Strength Level of Weld Metal (EXX)
a0 Fo 80 Q0 100 110 120

Allowable shear stress on throat, ksi (1000 psi) of fillet weld
ar partial penetration groove weld

T = 18.0 21.0 240 270 30.0 33.0 380

Allowable Unit Force on Fillet Weld, kip/linear in

tf = 12.73h 14.85h | 16.97h | 19.09h | 21.21h | 23.33h | 25.45h
Leg Allewable Unit Farce for Various Sizes of Fillet Welds

Size h, in kip/linear in

1 1273 14.85 1697 | 19.09 | 21.21 | 23.33 | 2545
7/8 11.14 12.99 1485 | 1670 | 1857 | 20.4] 2237
3/4 Q.55 11.14 1273 1432 | 1592 | 17.50 | 17.09
5/8 7.96 9.28 10.61 11.93 | 1327 | 1458 | 1591
1/2 &6.37 742 B.48 .54 | 1061 11.67 | 1273
7014 557 .50 . Vi B.35 .28 | 1021 11.14
3/8 4.77 557 6,34 716 795 B.75 954
5/16 3.98 4.64 5.30 597 6.63 7.29 7.95
1/4 318 371 4.24 477 530 583 6,34
316 2.39 278 318 3.58 3.98 4.38 477
1/8 1.59 1.86 212 2.3% 265 292 318
1/14 0.795 0.930 1.04 1.1% 1.33 1.46 1.5%
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OK 48.00
Classifications Approvals Typical all weld = Typical mech. properties all
metal weld metal
composition, %
SFA/AWS AS5.1 LB | SHE SMED C 0,06 Yield stress, MPa
E7018 e Si 0,5 A4S
3% Tensile strength, MPa
EN ISO 2560-A 1,2 540
E 42 4 B 42 H5 DNV 3 YHS P 30,02 %
S 0,015 29
GL 3Y H5 > .
Elongation, %
LR 3,3Y H5 29
Charpy V
VdTOv 00690 Test temps, Impact values,
°C J
CE EN 13479
-20 140
BV 3YHS -40 70
PRS 3YHS
RS 3YHS
Redrying temperature, °C
350
Redrying time, hours
2
Recovery
125%
Diameter, mm 1,6 2,0 2,5 3,2 3,2 4,0 4,0 5,0 5,0 6,0 7,0
Length, mm 300 300 350 350 450 350 450 350 450 450 450
Arc voltage, V 24 22 23 22 23 24 26 23 23 23 25
Welding 30-55 50-80  80-110  90-140  90-140 125- 125- 200- 200- 220- 280-
current, A 210 210 260 260 340 410
N. Kg weld 0,59 0,63 0,65 0,64 0,64 0,51 0,67 0,53 0,69 0,72 0,72
metal/kg
electrodes
B. No. of 192 119 62,5 43 32,3 35,0 20,5 23,0 13,5 9,6 7,0
electrodes/kg
weld metal
H. Kg weld 0,38 0,6 1,0 1,3 1,5 2,1 2,1 2,6 2,6 3,7 4.4
metal/hour arc
time
T. Burn-off 50 50 56 66 76 64 86 78 102 102 117

time,s/electrode

http://products.esab.com/Templates/T041.asp?id=2464
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Screw - (& !

3obe A 5 &l Leia g siaall Balall (aad 8 dagall Jal g2l (e & 0 (grade) 458 yuias
Glalga) Gany (el (S 2320l 18 (e XY Al Lgiua 5 (5.1) Jie 22e &3 ddadi o aae e

S, =100xx =100Mpa
S, =0.yS,
S,=0.855,

S, =100x5=500Mpa
S, =0.1x500 =50Mpa
S, =0.8550 =29Mpa

O

,.'-'—

& Bk

Ailedll daslaall S
&}a.aij\ 4.4}13.4 Sy
5.1 2a=dl Shia

JSub e Mpa

&l e Gaall Jreall

F. =0.75F,

o) Gl 255 B dalue A

T =0.2F, xd o= ) duad 2 33U Sl

— Major diameter
— Pitch diameter

— Minor diameter

Major diameter »SY! k)l d

—=— Pitch p
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D, 0.16238
n

A, =3.1416
ol il B3 Bdalua A
(TEY) 3 el i shad s 530 JLE D

oYl B e odl dlgha e N
UNF 5 UNC g5l G JS A allail) A 21 ) pailad

Diameters and Area of Unified Screw Threads UNC and UNF

Coarse Series—UNC Fine Series—UNF
Nominal Tensile- Minor- Tensile- Minor-
Maijor Threads Stress Diameter Threads Stress Diameter
Size Diameter perinch Area A, Area A, per Inch Area A, Area A,
Designation in N in? in? N in? in?
0 0.0600 80 0.001 80 0.001 51
] 0.0730 64 0.002 63 0.002 18 72 0.002 78 0.002 37
2 0.0860 56 0.003 70 0.003 10 lo¥i| 0.003 94 0.003 39
3 0.0990 48 0.004 87 0.004 06 56 0.005 23 0.004 51
4 0.1120 A0 0.006 04 0.004 96 48 0.006 61 0.005 66
5 0.1250 40 0.007 96 0.006 72 44 0.008 80 0.007 16
& 0,1380 32 0.009 02 0.007 A5 AQ 0.010 15 0.008 74
8 0.1640 3z 0.014 0 0.011 96 36 0.014 74 0.012 85
10 0.1900 24 0.017 5 0.014 50 32 0.0200 0.017 5
12 0.2160 24 0.024 2 0.0206 28 00258 0.022 &
]E 0.2500 20 0.031 8 0.026 9 28 0.036 4 0.032 &
% 0.3125 18 0.052 4 00454 24 0.058 0 0.052 4
3 0.3750 16 0.077 5 0.067 8 24 0.087 8 0.080 9
% 0.4375 14 0,106 3 0.093 3 20 01187 0,109 O
;— 0,5000 13 0141 9 01257 20 01599 0.148 &
% 0.5625 12 0.182 0.162 18 0.203 0.189
z 0.6250 11 0.226 0.202 18 0.256 0.240
% 0.7500 10 0.334 0.302 16 0.373 0.351
% 0.8750 2 0.462 0419 14 0,509 0.480
] 1.0000 8 0.606 0.551 12 0.663 0.625
15 1.2500 7 0.969 0.890 12 1.073 1.024
]’]I 1.5000 & 1.405 1.294 12 1.581 1.521
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Diameters and Areas of Coarse-Pitch and Fine- Pitch Metric Threads

Nominal
Maior Tensile-
Diameter Pitch Stress
d -] Area A
mm mm mm?
1.6 0.35 1.27
2 0.40 2.07
2.5 0.45 3.39
3 0.5 5.03
3.5 0.6 6.78
4 0.7 8.78
5 0.8 14.2
& | 20.1
8 1.25 36.6
10 1.5 58.0
12 1.75 84.3
14 2 115
16 2 157
20 2.5 245
24 3 353
30 3.5 561
36 A 817
42 4.5 1120
48 5 1470
56 5.5 2030
64 o) 2680
72 o) 3460
80 o) 4340
Q0 o) 5500
100 o) L0

110

Coarse-Pitch Series

Minor-

Diameter

Area A,

Fine-Pitch Series

Minor-
Diameter
Area A,

2

Tensile-
Pitch Stress
P Area A:
mm mm?2

1 39.2 36.0
1.25 61.2 56.3
1.25 2.1 86.0
1.5 125 116
1.5 167 157
1.5 272 259
2 384 365
2 621 596
2 Q15 884
2 1260 1230
2 1670 1630
2 2300 2250
2 3030 2980
2 3860 3800
1.5 4850 4800
2 6100 6020
2 7560 7470
2 @180 @080
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.or Inches

Coarse Thread

Threads Per Inch (TPI)

Fine Thread

UNC UNF
#0 - 80
#1 64 72
#2 56 64
#3 48 56
#4 40 48
#5 40 44
#6 32 40
#8 32 36
#10 24 32
#12 24 28
1/4 20 28
5/16 18 24
3/8 16 24
7/16 14 20
1/2 13 20
9/16 12 18
5/8 11 18
3/4 10 16
7/8 9 14
1 8 12
1-1/8 7 12
1-1/4 7 12
1-3/8 6 12
1-1/2 6 12
1-3/4 5
2 4-1/2
2-1/4 4-1/2
2-1/2 4
2-3/4 4
3 4
3-1/4 4

UNC
JENTQUTISN
EN e gl s
L35y S a

PR

-
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Multiply By To obtain
foot-pounds 1.3558 Newton-meters
foot-pounds 0.1383 kilogram-meters
foot-pounds 12.0 inch-pounds
inch-pounds 0.0115 kilogram-meters
inch-pounds 0.1130 Newton-meters
inch-pounds 0.0833 foot-pounds
kilogram-meters 7.233 foot-pounds
kilogram-meters 86.7964 inch-pounds
kilogram-meters 9.8067 Newton-meters
Newton-meters 0.7376 foot-pounds
Newton-meters 8.8508 inch-pounds
Newton-meters 0.1020 kilogram-meters

238 L Bl Gy

63000x h : T : -
T = P b xin G5 35k a e ) sl 58

n(R.P.m)

7130xh e e )
T:—p—)N XM ﬂ&ﬁeﬁé\d\.@\};)d&

n(R.P.m)

9540 x KW P e -
T = — N xm e Figiaie Jhly Sl cuns )8

n(R.P.m)

DIN alai A Gunbaall 9 &Y gaall g <l pdil g1} 5 &1l £1 53 Aadl@l) cladiall J glaa
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Phones: (B00)638-1830 (410)358-3130

(O WIANRNZL/ANID IMIET(RICS)

FAXes:(B00) USA-9-FAX =[B00-872-9329] (410)358-3142

A short illustrated listing of METRIC FASTENERS showing
DIN," 1ISO,” MDM,*" and other miscellaneous part numbers.

| JSEE PAGE S
SCREWS, E E—'EEP l—
STUDS, o—— b
ANCHORS DIN 404 DIN 564 DIN 610
.""-----"--.
= (== | = | o
DIN 84 DIN 417 DIN 529A DIN 558 DIN 609
DIN 8421 DIN 427 DIN 5298 DIN 580 DIN 653
S . -
P —— P |
7 0—1 D=
DIN 8424 DIN 438 DIN 529C DIN 601 MU DIN 787
! ' (c = | W ) ;
 — b= | U1
DIMN 85 DI 444 DIN 529D DIN 803 pAU DI 792
=== sze—n | 1 eI
DIN 86
OBSOLETE Dir 464 DIMN 529E DIM 604 MU DIN 797
— A —
e — ﬁr:n IE1 msis = —
DIN 975-103 DIMN 465 DI 529F DIMN 805 MU DI 833
- —r!_ -,
DIN 606
DIN 188 DIN 478 DIN 834
e DIN 479 DIN 553 DIN 607 MU DIN 835
H— & | g e | T
DIN 316 DIN 480 DIN 561B DIN 608 DINS36
URL: hitp fimdmetnc.com E-mail: techinfo@mdmetric.com

Tilaianm a5 oA MAST \'_'I:Hl

[SECTION: DINPIXFLYR

JE]

U FEs

Mall to: PO. BOX 261, OWINGS MILLS, MARYLAND 21117

SeArTlUER (MallE T e

page1-8--DIN| slike vijci i matice MARYLAND.pdf

VERSION: WaC

| copynght 2000 maylandmetses

Warehousa: 6119 CRKLEAF MVENUE, BALTIMORE, MARYLAND 21213

Nz A =

N EERD= _/;




76

e zlall Pla Al duaigd) b cualil) g dluall g asaail)

O WIZANRN7ILANNID  [WMIETIRIGS

Phones: (800)638-1830 (410)358-3130 FAXes:(800) USA-S-FAX=I800-872.8329]  (410)358-3142
£ SI———1@ | (D % ED‘_,‘T
DIN 965 DIN 7964 DIN 8243
- E:ﬂ@ I j’
DIN 7968 MU DIN 8244
; ® =
LN foou DIN 15237
b | ==
DIN 7984 DIN 22424 A
DIN 7985 DIN 25195 MU
] aorr— — @® | —
DIN 920 DIN 938 DIN 2509 DIN 798521 DIN 32501
[:l::a o | 82 | & @® KE’
DIN 911
DIN 921 DIN 939 DIN 2510L DIN 798524
| £
o | oo | G Q) ﬁE
DIN 7986
DIN 922 DIN 940 DIN 35704 RN TOE DIN 6911
- [}
o || #—>e | b [Bc—o
DIN 923 DIN 960 DIN 6900 SEMS  DIN 7990 MU ISO 7379
DIN 924 DIMN 963 DIN 6912
DIN 925 DIN 964
UEL: httpeffrndmetric.com E-mail: techinfol mdme tric com B e
1|l&ﬂ&‘ﬂﬂ.&t'—\'\1.¢61ﬂ:\q| |§I—.-::IICIN CINPINFLYR PII!II{]E. 2 WERSION: WEC cwngmzccc rmr,.-lmdmamcs
Mal to: PO. BOX 261, OWNGS MILLS, MARYLAND 21117 ' Waehous: 6119 OAKLEAF AVENLE, BALTMORE, HARYLMD 21215
IS AN SrroolUER [(MUE T LRRNG [F a5 Rl Boaaviras] RS = N = E = _,/'




77

e zlall Pla Al duaigd) b cualil) g dluall g asaail)

(O IWIANRNYIL/AND WIETTRICS)

Phones: (800)638-1830 (410)358-3130 EAXes: (B00) USA-D-EAX-B008725328]  (410)358-3142
NUTS
o | sone g OF
INTERMALLY oot W/
THREADED b
RC 73 FASTENERS DIN 557 DIN 1804W
{ir‘:ﬂa % % o E . 4
- L - I'I
: Q)
RC 265 BIN 315 DIN 562 DIN 1816
= | Of @ ©8
RC 278 DIN 431 DIN 582 DIN 971/2 DIN 2510NF
om [ OL] 23] o8 | 24
RC 309 DIN 439A DIN 798 DIN 972 DIN 6915
S —
1
RC 354 DIN 4398 DIN 917 DIN 979 DIN 6923
T i) . . e . :
O= 4 ©Y | ©8 8
RC 1006 DIN 466 DIN 928 DIN 980V DIN 6924
N - -
= e Oh i | @
Sy -
RC 1206 DIN 467 DIN 929 DIN 981 DIN 6925
RC 1392 DIN 6926
E—ﬁ IS0 7041 @ ﬂ
150 10511
RC 1974 DIN 935 DIN 6927
RC 40001 DIN 936 DIN 986 DIN 6330
) oy
= | § | ©F | 04 | 8
£ i & H
- et DIN 1587 DIN 6331
LN 855 LELEd -DIN|stike vijei i matice MARYLAND.pdf

Tilename: NUTMAST \'_'I:Hl

[secTion: DmeorLm

Mol 5 PO, BOX 21, OMNGS,
'._\_ — anL

MILLS, MARYLAND EIII? _

'\\/(_ ALl _, =<

copynght 2000 mardand metnes

Pl'!IIGEI 3 WERSION: WaC

A I TEM A

h‘amh:]usa £113 GAKLEAF BVENLE, EALTI-'IIEIHE, HAH\"LQH[I' 11215

A=




78 e zlall S Al Aaigd) ‘;A calill g duall g pacail)

(O WIARYY[L/AANIID MIETRICS )

FPhones: (BO0)638-1830 (410)358-3130 FAXes:(800) USA-9-FAX=[800-8724319| (410)358-3142

] WASHERS
@% RETAINING RINGS @
2 CIRCLIPS s
DIN 6334 SHIMS DM 432 DIM 471 DI 6797A
DIN 7965 DIN 472 DIN 6797J
2
L
DIN 6797V
DIN 15903A—5 DIN 1258 DIN 984 DIN 6798A
DIMN 22425 DIM 126 DIN 436 DIN 988 DIN 67984
© § ©] ©) €t
DIN 80705 DIN 127A DIN 440 DIN 1440 DIN 6798V
= o )| ©1 | &l
UNI 5587 DIN 127B DIM 444 DIN 1441 DIN 6799
/
& of | O | ©f | ©f
R361-1 DIN 128A DIN 443A DIN 2093A,B,C DIN 6913
T,
2 7 A
©f | o1 | @ | &1 | O
RC 190 DIN 128B DIN 462 DIN 54086 DIN 6914
- ) ( H
B | ©) | © | O
RC 194 DIN 137A DIN 463 DIN 5417
& ON

RC 197 DIM 137B 6916
URL: htto:#mndmetric.com E-mail: techinfo@mdmstric.com EHM&D| =i i
Hename: warsmas o | [SECTION: DmPwrLrR %E 4 VERSION: VEC epyright 2000 mandandmeties

Mall to: PO. BOX 261, UNNES MILLS, MARYLAND 21117 Werghouse: 6119 OAKLEAF MENUE, BALTIMORE, MARYLAND 21215
EelR ALL SZelUR METEIE HARBWARE NEEDS

sasLL L Sl B LA




79

e rlall Pla Al duaigd b cualil) g dlbuall § asaail)

(O WIARNY[L/AANID WMIETRIGCS )

S| =< A
R RS A=l

S
\ / b et _"'..'_.'_ _"'_-{|

OWINGS MILLS, MARYLAND IIII?

e = LU st | -c' '_. A =
| AE= L le—=5l ff=5L P

B |

.x.'

Phones: (BOO)638-1830 (410)368-3130 FAaXes: (B00) L SA-9-FAX=1800-872-8323 (410)3658-3142
PIPE
r PLUGS
DIN 7349 DIN 73130/73123 TYPE AL TYPE KS & CAPS
N
ol | Of | 10 | ©
o -
DIN 7603A RC 740 TYPE JL TYPE RPN-O DIN 906
B O (-‘) CH LA
DIN 7980 RC 791/792 TYPE AV TYPE S DIN 907
@] 3 O O 0
DIM 7989 RC 816 TYPE JV TYPE SB DIN 908
DIN 7993A RC 831 TYPE AW TYPE SW DIN 909
D [lﬂ @H j O o DIN 910
DIN 7993B/9045 RC 832 TYPE JW TYPE SL
¥ H-\\I M
' S0 7093
(o) | =& @) I8
DIN 9021 RC 839 TYPE CRTW-0O TYPE SPN-0 DIN 6331
(0)) 3 ') Ofio
— DIN 7604
DIN 46288A RC 1938 TYPE CSN-0 TYPE ST
—— r = ‘
o) | = | © | A | Ou
DIN 462888 RC 5281 TYPE CSTW-0 | TYPE UTW-O DIN 7605
Ot | OH ) )t
DIN 70952 SN 212745 TYPE FSPN-O TYPE ZA DIN 71022
— URL:
@ % O n O hitpy mdmotrc.com
E-mail:
oo hinf o@m dm ot i c.oom
DIN 74361C TYPE D W,E,Eglﬁjgnm i ]
Tilaname. vz o | [sECTION: DRFDFLYR Pl'!IIGE 5 VERSION: VT capymght 2000 mandand melnes
Mail to: PO. BOX 261, ' h‘a'mmaa G119 cm:Lw AVENUE BALTMORE, MARYLAND 21215

=S| Diess __/’l




80

e zlall Pla Al duaigd) b cualil) g dluall g asaail)

(O WUANRNZIL/AANID MIETRICS)

Phones: (BO0)638-1830 (410)358-3130

FAXes:(B00) USA-9-FAX=1800-872-0624]

(410)368-3142

— F
“53‘%355‘55 m B SCREW THREAD
| l% INSERTS &
THREAD " L
INSERTS R599-850 R599-866 R599-701/718
R599-302 R599-852 R599-867 R500-744/758 | KEENSERTS
S | =
R599-303 R599-856 R599-853 R599-970 SAV-ATHREAD
RES9-857 R599-855 =,

FEEQQ SDE

R599-812/815

R599-896

(@

HELICOIL/RECOIL
FREE RUMNMNIMNG

@w

%

R599 SERIES
INSTALLATION

W|

R599-580/590

R599-862

fiename:REI9.COR |

[SECTION: pwvrixrLvm

R599-307/308 | R599-821/823 TOOLS i
SCREW
% cH— THREAD
== INSERT
R599-830/831 R599-610 TOOLS
R599-864 R599-619 STI TAPS
Lﬁ el
R599-337/338 R599-842 R599-501/503 R599-620 STI GAGES
7q i INSTALLATION
R599-347/348 R599-860 R599-506/530 R599-621 TO0Ls
; ! —_h_ — THREAD
TH'T E. = G = REPAIR /
R599-550/560 R599-721/731 R599-629 — 55

UEL: nitrpiaged-8<D1 B slikecvijol v maticen

oogyright 2000 mandand melnes

%E. B VERSION: wsC | —|

[FE(F

z.-\'
]

Mall to: PO BE'?( 61, CWINGS MILLS, I'u'IAR‘I'Lﬁ.ND 2117

oL |

e ENAAN AR

._lm—\.

Wamhouse: 6119 GAILE#F BVENLE, EALTI-'ICIHE, II-'IARYLAH[I' 135

D )




81

e zlall Pla Al duaigd) b cualil) g dluall g asaail)

(O WIANGNZL/AND WIETRICS )

Mall 10: FfEJ B!}K Eﬁl

'DWINGS I'u'IILLS MAH‘I‘LAND EIII?

Sertos LU S

Phones: (800)638-1830 (410)358-3130 FAXes:(B00) USA-9-FAX-E008729229]  (410)358-3142
g [ -
THREAD CUTTING I S
wogﬁ%%'ﬂ%ws DIN 7500M DIN 7516D DIN 7996 RC 231, RC 233
Nk
DIN 95 DIN 7516E DIN 7997 DIN 705
= -
DIN 7513G RC 214 DIN 1479
n— hnmer aw | e | =08
P
DIN7519B | oind 7or 18 BE (D) RC 971 DIN 1480
e | (2280 | pmmw | o | &Y
DIN 7513C DIN 7972C
DIN 570 OBSOLETE DIN 79728 BZ cDLD} RC 972 DIN 3017
o | /| DIN7973C F
DiM 571 DiM 75130 DIN 79738 BZ (OLD) RC 973 DIN 5401
g - & @ 8
(e, === () | Dunueaw |l % %éﬁ i
DIN 6901-6908 DIN 7976C F
SEMS WASHERS DIN 751 3E DIM 79768 BZ (OLD) RC 974 DIN 71412A.B,0
= | (e | by | TS
DIN 75004 DIN 7513F Dﬁ'%;%%%&,} RC 981 DIN 71752
DIN 7982C F J
DIN 7500C S TR DIN 79828 BZ (OLD) RC 1014 DIN 71803A,B
== | Q) | e
DIN 7515 DIN 7983C F
DIN 7500D OBSOLETE DIN 79838 BZ (OLD) RC 2733 DIN 71805A/B
MISC.
::% NON- @
DIN 7500K DIN 7516A DIN 7995 CLﬁ'EéangED 3
e page1-8-DIN SMWMMML
1:Iarﬂm.sem.1.¢.5-cm| |§|-_CIICIN DHIMIPIFLYR PI'!IIGEI 7 VERSION: il oagyright 2000 mardand metmnes

Wafmmsa 6119 GAKLEAF A'I.I'ENUE, BAIJII-'I{]HE, MARYLAND 21215
= [ S =] ,_,:;:51]', ‘/J'

'_._; 3.-'.". o .;-cl =




82 e zlall Pla Al duaigd) b cualil) g dluall g asaail)

(O IWIARYY[L/ANID WIETTRICES)

Phones: (B0O)638-1830 (410)1358-3130 FAXes:(B00) USA-9-FAX =B00-872-.0329) (410)358-3142

PINS — 0
KEYS (:] .
RIVETS DIN 6874 DIMN 1472 Dir 6888 DIN TOTBA
p— b | £y
I — =3 = = g =
DIN 1 DIN 675 DIN 1473 DIN 7331A DIN 7979
0 N i .
| nam— D =2 —— e
DIN 7 DIN 1433 DIN 1475 DIN 7338A DIN 1151B
DIN 94 DIN 1434 DIN 1476 DIN 7339 RC 896
IGF_W______'_- ]_.,.,_, ': E EE’ J';::)_‘Xx/i—'-ﬁil
DIN 124 DIN 1435 DIN 1477 DIN 7340A, B RC 916

B0 [ e

DIN 175, DIM 668 DIN 1436 DIN 1481 DIMN 7341 A RC 40017

MOTES FROM PAGE 1:

MNSTITUTE FOR

DI 302 DIN 1443 DIMN 6325 DIN 7341B ST;;‘JIESFE_DS
T
- [ ! ! ORGAMISATION
L) = |38 | £ J | g
OIM 258 DIN 1444 DIM 6880 DIN 7343 METRICS
PART NUMEER
— —_—T 5 ] — MARYLAND METRICS
— . —_— ALSO OFFERS:
- [ ;I METRIC Sized
DIN 660 DIN 1469 DIN 6885A DIN 7344  [Fastenems, Hand Jools,
I Measuring Tools,
- — H lic & tl
[ I } D —— | ; ) ggtrlﬁ;sc& Tugfnugr,ﬂgllc
r _| F————-1 Bo Sqlzals, Eﬂ-rlnhgs,l |
S arings, Mechanica
DIN 661 DIN 1470 DIN 68858 DIN 7346 | Power Transmission
Equiprment,
fr — [(— Compononte Metal
|| p—— .H:_ﬂ Pri T \
It' T - T 1 Shaggs Plumbing
DIN 662 DIN 1471 DIN 7977 e Pomea ~
URL: http Jimdmeatric.com E-mail: techinfo@mdmetric.com DIN Esq-ﬂ—ﬂlﬂ slike vijei i matice MMH@M& &
filaname: AHMAS 1 DA | [sECTIiON: DineoELvR PA{‘JE 8 VERSION: WS | | copyright 2000 maryland metics
I'u'léi to: RO. BOX 261, UWlHEE MlLLS MARYLAND EIII? - Warmmsa £118 MLEE AVENUE, BALTMORE, MARYLAND 21215

(o B7 SanL L SeronlUES ViiEanRElIGE A R RAOAA R ED RN EE RS _,/I

...... x L LRSI = T o - L) - e =




83 e rlall Pla Al duaigd b cualil) g dlbuall § asaail)
Spring - & i 3

4
K = Gd :
8nD

<3l Sl k

(Ll J sidall Lgie & siadl salall A30al Jelae G

Aol (el J el L d

Clalall JS3 laay) aaad) (e il a5 @ 3l Caildl) clils sae
(Jsitall o (palls (alall o lad) Hhaill) ¢y 3l @l jhdhawgia D =D, —d

i 30 DY Al al A1) iany

alall RA( 45 g yall Jalra &) i) Jalaa -
Tensile Strength Modulus of Elasticity Modulus of Torsion @LQJJ& sJ‘ Jﬂ
psi x10’ psi x10° psi x10°
Music Wire 220 - 300 30 11.5 250
Chrome Vanadium | 190 - 300 30 11.5 425
Stainless Steel 302 | 125 - 320 28 10 550
Stainless Steel(313) | 235 - 335 29.5 11 600
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Material

Music wire*®

OQ&T wire!
Hard-drawn wiret
Chromevanadium wire?
Chrormessilicon wirel
302 Stainless wire®

Phosphor-bronze wire* *

A228
AZ29
AZ2Z7
A232
A401
A313

B15¢

e zlall Pla Al duaigd) b cualil) g dluall g asaail)

(torsional yield strength) ¢! si¥) & sl da glaa

S, =0.577S,
0.358,, <S,, <0.52S,,
Exponent Diameter, A,

m in kpsi - in™
0.145 0.004-0.256 201
0.187 0.020-0.500 147
0.120 0.028-0.500 140
0.168 0.032-0.437 169
0.108 0.063-0.375 202
0.146 0.013-0.10 169
0.263 0.10-0.20 128
0.478 0.20-0.40 Q0
0 0.004-0.022 145
0.028 0.022-0.075 121
0.064 0.075-0.30 110

Diameter,
mm

0.10-6.5
0.5-12.7
0.7-12.7
0.8-11.1
1.6-9.5
0.3-2.5
2.5-5
5-10
0.1-0.6
0.6-2
2-7.5

s lehe
Relative
A, Cost
MPa - mm™ of wire
2211 2.6
1855 1.3
1783 1.0
2005 3.1
1674 4.0
1867 7.6-11
2065
2611
1000 8.0
Q13
932
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Compression Spring -Design Torsion Spring Design

Wire dia (d) Q.D.

v v

o / ,. i ID. Mean dia. _C'\’__.--B" =
LB R EEEE (D) A
A NA B2 B f A NAJA R b s y

=)

YT
Load at Length 2 V1T flfll ]

i
| )
i (P2) W] P .
Length at Load 2 ——s==—=—— Defiection; = _ {
g at Load 2

Load at Length 1

(P1) IR | TR
Deflection

at Load 1

Length at Load 1

Body Length ——

Free Length

Closed & Open &
Closed Ground Open Grpcund

End Types

Extension Spring Design
ereDla*-H-—fap’l }_7 *
Qi

Body Length

Free Length
{inside hooks)

N \}{ i N

—~=—— Length at Load 1

RIS

—=— Length at Load 2

—

Hook Types
A=l @ WP =l P
Machine Hook Full Round Hook Full Loop

A= @ Ch_f g & ~ID

Double Loop Loop on Side Extended Hook
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L-bolt T-bolt

U-bolt Stud bolt Rawl bolt
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Metric Bolt Torque Table
Estimated with clamp load as 75% of proof load
as specified in ISO 898-1

10.9 12.9 Socket Head

8.8
Property il e ‘” Cap Screw
Class \ ) .
Minimum Tensile M6 - M16: 800
Strength MPa  M20 - M30: 830

Nominal Size Bolt Torque Specs in Newton Meters - Nm

ThrezltlidPitch Dry | Lubed | Dry | Lubed | Dry Lubed
M5 x 0.80 6.1 4.6 8.8 6.7 10.3 7.7
M6 x 1.00 10.4 7.8 15 11.2 17.6 13.1
M7x 1.00 17.6 13.1 25.1 18.9 294 22
M8 x 1.25 254 19.1 37.6 27.3 42.6 32.1
MI10 x 1.50 50 38 72 54 84 64
MI12x 1.75 88 66 126 94 146 110
M14 x 2.00 141 106 201 150 235 176
M16 x 2.00 218 164 312 233 365 274
MI18 x 2.50 301 226 431 323 504 378
M20 x 2.50 426 319 609 457 712 534
M22 x 2.50 580 435 831 624 971 728
M24 x 3.00 736 552 1052 789 1231 923

M27 x 3.00 1079 809 1544 1158 1805 1353
M30 x 3.50 1463 1097 12092 | 1570 | 2446 1834
M33 x 3.50 1990 1493 | 2849 | 2137 3328 2497
M36 x 4.00 2557 1918 3659 | 2744 | 4276 3208

Lubed means cleaned dry bolts lubricated with a standard medium viscosity
machine oil. Lubricate all contact areas of the bolts and washers. Lubricating
the bolts is the suggested method. http://www.cncexpo.com/MetricBoltTorqueNm.aspx

Bj\dkﬁué&&\ﬂ\k@gﬁ)ﬁ

8 ¢ ’@\, %5
g 21
43
4 (I:] (:D 3 65
T F 8§ —7

X ba

Q y@



91 e rlall Pla Al duaigd b cualil) g dlbuall § asaail)

Shaft - Jsaal)
DS Lo Sy ) dadadl) 45y Gl 5 snig)) apaaill 8 dagall coladadll (e gaall yiiag
A il 5 sl 5 sl SISl U s el S s Jalaall 5 @IS Sl al) Cilaadll

e Akl 54 sl Al aea g ang L ddle (6l Jalat ) saall avenat Jal e pal o
&8, 8 e3¢d (moment) & e 5 (torque) OosV ple auy g dmidaa A e sl
Sie 4l Claall (e A3l 4 ) saall 381 el 55 e 4y sm0 38 (o Ll Ay el (5 8l

cosladl) ddads & (5 gall Jalas

o A8 pall Aabadl lgle aiiud saall e (step) ddie piay g Ay saall (58 (ol
038 (s el Ciial g 2Dl (a s 53 Adiall s3a mhan (5S Of aag L Aalll) Al 4 padl
sl 5 Al Al gaddl Ao (el 3 Aagall Jabadl) aal g8 5 Cijally 4l ey dial

5 sl aglie Cng U bl e ane) LSolSeall atigl) a3 ol pall ands
J 5 (yield) g3l 5 (share stress) U=dll 5 (tensile stress) sl Cilalea)
S ekl e Jseanll elly g o sall da i a1 3all @l kil o3a Cadi | (fatigue)
5 apanailly Lo aaied Al g JUSIL 5 _iliall o all da slie JUal) Qo e ¢ 0l gall i) b
Dt sall A

.« <200kpsi =S, =0.5xS, Wl

>200kpsi =S, =100kpsi Y all

ut

<88kpsi =S, =0.45xS, a3l was ol cuall aaa

ut
> 88kpsi =S, =40kpsi a3 was ol caall aaa

SPRERA PR

(Endurance Limit) Jesill 3 s g5a S/

ut
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_BJM\chﬁ&L&Adﬁq)@lﬁjcM\E;hj&ch\gﬁﬁjd\&bﬂ\
S, =k, xk, xk_ xk, xk, xk, xS/

o Jol 2l o0

M\J\a&wgﬂaﬂj@\h}aj&\s ka

k,=aS}

Jsaall laa b 5a z oAk

Surface Factor a Exponent
Finish Sut, kpsi S.:, MPa b
Ground 1.34 1.58 —0.085
Machined or cold-drawn 2.70 4.51 —0.265
Hotrolled 14.4 57.7 -0.718
Astorged 39.9 272. —0.995
ol Jale Kk,

(0.879xd *'7,0.11<d <2in

10.917xd 7,2 <d <10in

(1.24xd 17 2.75<d <51mm

10.917xd *"7,51<d <254mm
osaall Hhid
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k =085 <o slhia

059 o
EJ\JAJ\:\;JJJA\.G kd

ky =0.975+0.432x107° x (T )—0.115x107° x (T )* +0.104x10° x (T, )’ = 0.595x107"* x (T . )*

7<T,. <1000 F Ja_nd culg il o )l all da 2 T

Rl dude K,
k, =1-0.08z,

Reliability Factors k, Corresponding to 8 Percent Standard Deviation of the Endurance Limit

Reliability, % Transformation Variate z, Reliability Factor k.
50 0 1.000
Q0 1.288 0.897
Q5 1.645 0.868
Q9 2.326 0.814
9.9 3.091 0.753
09.00 3.719 0.702
elopelele 4.265 0.659
Q9.0090 A4.753 0.620
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]

1.8

1.0
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¥l 385 Jdle K
kf :1+q(kt _1)

kfs :1+qshare (kts _1) :“uagﬂ

Cliiaiall 38 (e lea At dpwaia Jalas K 5 K,

M D d ) M
{ ,_1_6

Ny iy
5 ?
1.5
1.10 o
1.05
0 0.05 010 0.15 0.20 0.25 0.30

rid
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3.0

2.6

2.2
K!I

1.8

14

1.0

0 0.05 0.10 0.15 0.20 0.25 .30
rid
Gliniall o3 (e lea jatud (3881 5 jaldl 4l salal) s Jale g
MNotch radius r, mm
L0 0 05 1.0 1.5 2.0 2.5 30 3.5 4.0
’ _ (1.4 GPa)
A0 koS! -
, / (1.0)
oW

0.8 T P Ldutuinin
&
B
E 0.6
u
S
Z 0.4
< Steels

mmmem Alum. alloy
0.2
0
)] 0.02 0.04 0.06 008 0.10 0.12 0.14 0.16

Notch radius r, In
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Notch radius r, In

MNotch radius r, mm
10 0 0.5 1.0 1.5 20 2.5 3.0 35 4.0
0.8
. Quenched and drawn steels (Bhn > 200

2 Annealed steels (Bhn < 200)
P 0.6
=
2
= 0.4
B
< “——— Aluminum alloys

0.2

0
0 0.02 0.04 (.06 0.08 0.10 0.12 0.14 .16
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Al dagil) e Juans 5 (fialaia Giindea (& Gl ysall 5 A e JS el G () cang

P a5l 38 (g
2 2 2 2
T =T +T, s M=/M +M/,

1<n <3 Qe cubia (n) glel Jale aai

:(Goodman) gled & da 5 (3 aaiie JS A ) gnall Hlad Cons

)3

2
d - w_”{siwkf M) +3(k,T.) +SLJ4<kf M)’ +3<kam>2}
T e

ut

3 geall odgs

d :i/m_”\/si\/qkf M )2 +3(k,T,) +SL\/4(kf M) +3(Kk,.T. )
T e

ut

FUNPIRA
oY) dele N sl i
S sea) 385 e K il Sea) 385 Jena K
kil gl Hae M sl g5l (Hade M,
Aokl s A s e T sl gl O pe T,
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Aaald gl ) Ayl U ol I Ada ) 038 (e Aaiiiasall JUEY) g sty o o

d‘“\.ﬂ:A_Lua.\‘jah\)j\c&@&kéi&)ﬁ\eﬂyeﬁum(ﬁ#\jwy\
- adal N ¢ gyl

1_16 { JAk, M) +3(k, T, )’ +S—J4(k M) +3(KeT )’ }

n zd’ u

13} 5 pramaa Cilaulaall Alall 038 8 ol i 3 Y1 Jale (5 sban Ly 585 laY) dale (IS 13)
oAl el dale calaiily cilaalaall sale ) cang el i 521 Jaladl (e 3K jraal ST S
A slhe dail Jual s 13K 5 AT (g jlma [yl la)

: (Soderberg) & o sm A3 ki g ) saall kb

1
3

0| =

l6n | 1 2 e
d= T{Q\/AI'(kaa) +3(kfs a) +S \/4(k M ) +3(kfs m) }

yt

- oY dale

L {Si\/4(kf|v|a)2+3(kfs ) +S—\/4(k M) +3(KeT ) }

n xd .
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Soderberg Failure Line

e gl Pa

man Failure Line

S

ut

LGl dadigh) & uatil) g Dlual) g avanail)

s 5 Chadsh Ayl e S

kil st (s Bl el

«

LR
DOl ge Ay ey 8
S, S, 1
+ =—
S, S, n
Smax_smln
2
S
Sm: max+Sm1n
2

25l o sl Al ga g glAd)

I
l H;’Z
Ho ]
] H2
Key Size Versus Shaft Diameter LWJ
Nominal Shaft Diameter Nominal Key Size Nominal Keyseat Depih
Over To (Incl) Width, W Ll ] HP2
! Square Rectangular Square Rectangular
5/16 716 3/32 3/32 / iz 3/64 I/
e 916 1/8 1/8 332 116 3/64
9/16 7/8 316 3/16 1/8 3/32 116
7/8 1-1/4 1/4 1/4 3/16 1/8 3/32
1-1/4 1-3/8 516 516 / 1/4 5/32 1/8
1-3/8 1-3/4 3/8 3/8 7 1/4 3/16 / 1/8
1-3/4 2-1/4 1/2 1/2 3/8 1/4 316
2-1/4 2-3/4 5/8 5/8 716 5/16 7/32
2-3/4 3-1/4 3/4 3/4 1/2 3/8 1/4
314 3-3/4 7/8 718 5/8 716 5/16
3-3/4 4-1/2 1 1 3/4 1/2 3/8
4-1/2 5-1/2 1-1/4 1-1/4 718 5/8 716
5-1/2 6-1/2 1-1/2 1-1/2 1 314 1/2
6-1/2 7-1/2 1-3/4 / 1-3/477 1-1/2* 7 7/8 3/4
7-1/2 9 2 2 1-1/2 1 3/4
9 11 2-1/2 2-1/2 1-3/4 1-1/4 7/8
11 13 3 éa 2 /1-1/2 1
13 15 3-1/2 7 3-1/2 2-1/2 / 1-3/4 1-1/4
15 18 4 3 1-1/2
18 22 5 3-1/2 1-3/4
22 26 B 4 2
26 30 7 5 2-1/2

*5ome Key Standards show 1-1/4 in. Preferred size is 1-1/2 in.

All dimensions given in inches.
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Diameters of Finished Shafting (former American Standard ASA B17.1)

Diameters, Inches Minus Diameters, Inches Minus Diameters, Inches
Transmis- . Toler- Transmis- . Toler- Transmis- i o Minus
. Machinery e - Machinery e p Machinery | 0o
s10N Shaftine ances, S10N Shaftine ances 10N Shaftine olerances.
Shafting —— [nches? Shafting B [nches? Shafting —— [nches?
A 0.002 5 0.003 33 0.004
Y 0.002 1% 0.003 3% 0.004
% 0.002 119, 1'%, 0.003 39 4 0.004
LT 0.002 2 0.003 4y 0.005
% 0.002 2% 0.004 4% 4% 0.005
13 0.002 2Y 0.004 43, 0.005
% 0.002 2%, 2% 0.004 4, 5 0.005
L 1% 0.002 2y 0.004 5% 0.005
1 0.002 2%6 0.004 5% 5% 0.005
1% 0.003 2% 0.004 5% 0.005
1 lb 0.003 zf'i'ﬁ 2{/['6 0.004 51“/i 6 6 0.005
13, 136 0.003 2% 0.004 64, 0.006
1% 0.003 2% 0.004 6Y 6l 0.006
1%6 0.003 2% 0.004 6% 0.006
1% 0.003 21 2% 0.004 7 7 0.006
1 ?] p 1 ?l p 0.003 3 0.004 7 ]"i 0.006
1Y% 0.003 3y 0.004 7Y 7% 0.006
1% 0.003 3l 0.004 7% 0.006
1% 0.003 3% 0.004 8 8 0.006
1'% 1% 0.003 36 3% 0.004
1% 0.003 3% 0.004

a Note:

These tolerances are negative or minus and represent the maximum allowable variation
below the exact nominal size.
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(chamfer) bl 4y jlaal) Ll 8l

Shaft Diameter Preferred Optional
(Inches) c R L@15° L@30°
Up to 4.000 093 188 347 156
4.001 to 7.000 125 250 466 218
7.001 to 40.000 188 375 702 323
40.001 and larger 250 200 933 433
Shaft Diameter Preferred Optional
(Millimeters) C R L@15° L@30°
Up to 100.0 25 45 8.5 4.0
100.1 to 180.0 30 60 11.5 5.0
180.1 to 1000.0 50 95 18.0 8.0
1000.1 and larger 65 127 240 11.0
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ol el e AT S ageal Jal gl

e sl a da 2 -3 i) ple i Jaa (A sl mhudagai 2 sl de pu -]
4y mi pre sllaall Wilall sl cu 3l g 53-5 jadl 43850 Y szlase) 4 saall dae
gl il baa laie -7 450 i) S pall 5 dpsh il 5 4 S Jeall Tama Ll 55 -6

4t pac

LA ) 3aY) any a5 oy

clamp snap ring

collar
key ] — taper
hub shaft hub ‘ pin
bearing step  TE i

press
fit N ‘ _E_
\ step step press
\ axial :
clearance fit Al
frame frame sheave

sprocket gear
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Key - ssall

Dl g Gl e i) s

| _ 4Tn
S,Dw
Lall dga) iad e ) sal) cilam)
| _ 4Tn
S, Dt
ol Jska
el T
? osaall Jké D
E l oAl e w
*W*\/ el ddsas
oY e n

salall ¢ guadll A lia gl ¢ glall QLAY ) slall e & siaal) salall g guadll da lia S,

Lo sk Jshall i &5 ) sl e ) ) aum pe CAEY ) saall lgie p siiadll
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Enmln heavy type Extract from

4illt] Keyway and key details DIN 6885/1

il

<4 }
AN e SR r
\ 1 PN =
' 1
| f v
S = 5
| I
|
\ | 1
NN
d b Pg bpe h h=d+te tb=d-% W
Hub-keyway  Shaft-keyway
7 8 1 +04 5,8 1,2 04
8 2 2 2 9 1 68 12
9 3 3 3 10,4 1,4 72 1,8
10 3 3 3 11,4 1,4 8.2 1,8
11 p y A 128 1.8 8.5 25
12 13.8 18 9.5 25
13 15,3 2.3 10 3
14 5 5 5 16.3 23 11 3
15 17.3 2.3 12 3
16 . . 18,3 2.3 13 3
17 19.3 2.3 14 3
18 6 6 6 20.8 2.8 14,5 35
20 22,8 2.8 16,5 35
22 6 6 6 24.8 2.8 18,5 35
24 8 8 7 27.3 33402 20 4 02
25 28,3 3,3 21 4
26 8 8 7 293 3.3 22 4
28 31.3 3.3 24 4
30 8 8 7 33,3 3,3 26 4
32 35.3 3.3 27 5
34 10 10 8 37.3 3.3 29 5
35 38,3 3.3 30 5
36 10 10 8 39.3 3.3 31 5
38 413 3.3 33 5
40 43,3 3.3 35 5
42 12 12 8 45.3 3.3 37 5
44 47.3 3.3 39 5

Key DIN 6885 page 546 / 547
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Pin - gugl)
oozl e (aill 2ga

A
° | & [Ee—— POy b I —1
‘ 1
| { - __-1! ‘
. . |
Zylinderstifte DIN 7
Toleranzfeld mé&, mit Linsenkuppe & |
gedreht -
i
2% | I ..rB
-
1
L [
e — - Ersatz: 1SO 2328
dme Z 25 3 1 5 3 10 12
Cocbmat 03 04 045 0.6 075 09 12 15 18
- 2 25 3 4 5 B B 10 12
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Bearings - Jalaal)
o bl e s el e Jama il 5 5 (5l il il e Jemall AT o

el 138 8 L
Led a5 Bl (5 5m5 550 (sl s Jesall Lelaathy ) sl das ; dppalinal) dacd
C <l

5l I (el il )y ¢ sana e Janall lelany il Janll dras 3 AgSitiaad) dacad)
C, <oalbled e 508 0.0001 (e JB da Al 5 lalall dala)

outer race

separator

separatar

Jaaall Ldal) jasd)
- aday) Yl sda e Jasnall 2aall pand) Covsy

aadall (8 50 Ogle e el |

10
3

(roller) &bl sl n = 0 ¢(ball) @S n =3 sbwderan



107 wezlal Pla LSilGall duaigh (b cunalil) 5 dluall 5 aranall)

P=xxF +yxF, allloi ey 5desal Je Joall P

Akl 3 8l F

osaall 3l F

~Fa . * . . Fa - . . .

ij L_A;J‘AMF—jeuﬁﬁeé‘;dmdﬁhﬂj\dj\hu‘jc—w‘bﬁw
r 0

: Ol 2 6 Jaaal) Gl

Uls 028 iiad ¢ Janall jae Cagthall 5 dima Jasall e 3 Jisall (8l 5 Janall ¢ 50 (A oY)
anall il aad) gl Sl Gaagy L Wl S5 1 dal g5l (e Jasall oo Gilaa (S 5 Adas
cJaaall jae i Lol Al s 13 ST Al Ay 8 5 4 sllae Lol AL s

Alal) o3 ¢« Janal ¢ 5 o sllaal) 5 disne Janall e 85550l 55l g 53 5 Janall yae 2 Al
Janall C e Lglis 5 ¢ oDlef Jasl 5 5l (40 € Janall AxSsalinal) dad) ans | 5V (4 e
5 ¢ cama Jesald 5 pma CilS Y 5 o8 Jene o Jesalld Tan 5 S ilS 1Y) aedd)
Jara a8 (San ¢ ) Jeadll € (e alls J8 sl (g0 Al € 0585 O JuadY)
(safety factor) gl

Fa/(VF) > e

0.014~ 0.19 1.00 0 0.56 2.30
0.021 0.21 1.00 0 0.56 2.15
0.028 0.22 1.00 0 0.56 1.99
0.042 0.24 1.00 0 0.56 1.85
0.056 0.26 1.00 0] 0.56 1.71
0.0/0 0.27 1.00 0 0.56 1.63
0.084 0.28 1.00 0 0.56 1.55
0.110 0.30 1.00 0 0.56 1.45
Q.17 0.34 1.00 0 0.56 1.31
0.28 0.38 1.00 0 0.56 1.15
0.42 0.42 1.00 0 0.56 1.04
0.56 0.44 1.00 0 0.56 1.00

*Use 0.014if £ /Cp << 0.014.
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Deep groove ball bearings, single row
Preduct information

 Jaall e g sl 136 SKF (e Js2al 13

Tolerances , see also text

Radial internal clearance , see also text
Recommended fitz

Shaft and houging telerances

Principal dimensions Basic load ratings Fatigue Speed ratings Mass Designation
dynamic  static load Reference Limiting
lirmit speed speed
d D B C Ca B, * - SKF Explorer bearing
mm leN kN rfmin kg -
3 10 4 0,54 0,18 0,007 130000 20000 0,0015 623
3 10 4 0,54 018 0,007 - 40000 00015 G23-2R51
3 10 4 0,54 0,18 0,007 130000 53000 0,0015 623-27
3 10 4 0,54 0,18 0,007 - 40000 00015 623-R51
3 10 4 0,54 0,18 0,007 130000 20000 0,0015 623-Z
4 5 25 0,54 0,18 0,007 140000 25000 00007 61814
4 ] 35 0,54 018 0,007 140000 Foooo 0,0010 G28/4-22
4 9 4 0,54 0,18 0,007 140000 o000 0,0013 638/4-27
4 11 4 0,715 0,232 0,0038 130000 20000 00017 619/4
4 11 4 0,715 0,232 0,0093 130000 53000 0,0017 619/4-27
4 12 4 0,808 028 0,012 120000 75000 0,0021 604
4 12 4 0,806 0,28 0,012 120000 50000 0,0021 G04-22
4 12 4 0,806 0,28 0,012 120000 50000 0,0021 604-Z
4 13 5 0,936 0,29 0,012 110000 57000 0,0031 624
4 13 5 0,936 0,29 0,012 110000 53000 0,0031 624-27
4 13 5 0,936 029 0,012 110000 57000 0,0031 624-Z
4 16 5 1,11 0,38 0,018 gs000 50000 0,0054 634
4 16 5 1,11 0,38 0,016 - 28000 0,0054 634-2R51
4 16 5 1,11 0,38 0,018 gs000 48000 0,0054 G34-2RZ
4 16 5 1,11 0,38 0,016 g5000 43000 0,0054 634-27
4 16 5 1,11 0,33 0,018 - 28000 0,0054 634-R51
4 16 5 1,11 0,38 0,018 gs000 50000 0,0054 G34-RZ
4 16 5 1,11 0,38 0,018 95000 50000 0,0054 G34-Z
5 11 3 0,637 0,255 0,011 120000 75000 00012 618/5
5 11 4 0,637 0,255 0,011 120000 50000 0,0014 628/5-272
Width —>

Qutside diameter

jL/—— Corner radius

Quter ring

— Shoulders

*—— Corner radius

Inner ring
ball race

—Separator
( retainer )

—Quter ring

Face— ball race
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KT GIAJ\ Sla  Asulcal &.mgi\ gﬁ calil) g Aluall g panil)

g 9 Jasall ANl ladll Dia aal) 138 (e e glaall (azy 2l Sy ald 22 Jeae JS

5444 G0 0¥
223
534 223 33
213 549 ﬁgﬂ 23
232 523 grp 23 (5
222 542 630 32 22
2 522 griW 22 LE-
16070 1 e
240 323 534  gag 31 31 EY)
250 313 514 gla &0 30 31
249 303 533 09 50 20 60
139 239 332 513 638 FO4 814 4y 10 50
130 248 322 532 628 73 894 4 39 40 23
(123 238 302 512 618 o2 874 gg 29 30 (0
1013 331 511 208 I 813 g4 19 69 12
22 294 330 510 gar 719 893 g 38 49 )
(33 1m2 293 320 2B 591 617 718 812 39 28 39 10
32 170 292 329 422 500 2607 708 #1129 18 48 19
NC.NCF  NH
NF, NFP NHNC
NJ. MJP NNCF
NP, NPF NNGL
== U
HUP, HUFPJ
O DEE B 008 B 5O i
@ 1 2 3 4 5 6 7 8 o P PRI 1
50 I =T - | | | [=]

ds

X X X X X

St ¢ Adag e ¢ Al s o A N) daladll & g8 s ) e oY) alac] A
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s lgde sl

Comp. for Axial
. Comp. for . Non- ;
Axial Disp. Possible in Bearin E:(r:leial Z;r:l Combined RIS HIgh :Iugnhnin el SRICIg L ow i[{o;;cé;t IEITS 6 Iézgilitéon OCEIET I?é)ssps.ible
P- 9 Load Load Speed 9 stiffness Running Friction 9 Alignment 9 Bearing .
Load load Accuracy During = Installation .
. (Initial) Installation .
Operation Bearing

Ball Single - Row C C C F A A C A A F F B C NR
C Ball Single Double - Row C C C C C C C C B NR NR C C NR
Ball Self - Aligning C F F NR B B F B B A B C C NR
Ball Angular Contact C C B F B A C B B F B NR NR
Ball Angular Contact Back - to - Back B C B C C B B C C NR NR B C NR
Ball Four - Point Contact F C C C B C C C C NR NR B F NR
Cylindrical Roller N, NU B NR NR NR A B B B B F F NR A A
Cylindrical Roller NJ, NUP B C C NR A B B C B F F C C C
Cylindrical Roller Double Row A NR NR C A A A B B NR NR NR A A
Full Complement Cylinder Roller A C F NR F C A F F F F C C C
Full Cylinder Roller Double - Row A C F C F C A F F NR NR C C C
Needle Roller B NR NR NR C C B C F NR NR NR A A
Spherical Roller A C A NR C C B C C A B B C NR
Taper Roller B B A NR C B B C C F F B NR NR
Ll A B A F c c A c c F F A c NR
( Face - to - Face)
Thrust Ball NR C NR NR C B C F C NR NR C NR NR
Thrust Bal with Spherical Housing NR C NR NR c c c E c NR ) c NR NR
Washer
Thrust Cylinder Roller NR B NR NR F B B F F NR NR C NR NR
Thrust Needle Roller NR B NR NR F C B F F NR NR C NR NR
Thrust Spherical Roller NR A C NR C C B F C A B B NR NR

A = Excellent e

B = Good =

C = Satisfactory Joa

F =Poor )

NR = Inconvenient or not recommended 4 o ¥
- = Not applicable s S
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spherical-roller-bearing cylindrical-roller-bearing

Self aligning ball bearings
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tapered-roller -bearing
spherical-roller-thrust-bearing

multi-row-cylindrical-roller-bearing
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ssaall e Jalaall cuali g S 5 3ok

sany . Jeladl) @il dniadll S5 Glaas gl ciay stadl Sle delaal (a5
Y ganall 5 zmaliddl 5 ldall g dpamal) Qa5 <y 3l Al Cruaiill sac bl Cilaladl)
L Lerant Al ged Gl 5 e I dalay dalaa) (amy | Jalasall ae Jo 3 4800 5 a8l
5 cailll Sl 5 S3 yal ce 23 Y O s 3oal 5 il Jesall (pdud
Eall iyl e o (ol 250 110 e 23 Y A ) dalaadl e Jusi Gl Alpal)
5 desall e S5 Y als B Jeasall Gl Al e <l m Gasb oo ol L (b es))
ool o sl LladdlS dac i 530 e 3 ga

E:—_—_n.—_—_—_—_-n—_—_i r}:ﬁ:}

oD

J | L g
! =

Installation on tapered bore Installation using hydraulic withdrawal sleeve Installation using withdrawal sleeve
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Disassem h'l"ll" of bearing with adapter Disassembly using high pressure oil (hydraulic)
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Disassembly using high pressure oil (hydraulic)

(hydraulic nut) 4S5 4 sea
c8 5 cuaill A gaall 238 Jaaiud
Tla o il anmge e Jeadll
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Chain and Sprocket — (el WY g a3
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Portion of a double-strand reller chain.
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Rated Horsepower Capacity of Single- Strand Single-Pitch Roller Chain
for a 17-Tooth Sprocket

Sprocket
Speed, ANSI Chain Number
rev/min
50 0.05 0.16 0.37 0.20 0.72 1.24
100 0.09 0.29 0.69 0.38 1.34 2.3
150 0.13* 0.41* 0.99* 0.55* 1.92* 3.32
200 0.16 0.54* 1.29 0.71 2.50 4.30
300 0.23 0.78 1.85 1.02 | 3.6l 6.20
400 0.30*  1.01* | 240 132 4.67 8.03
500 0.37 1.24 | 293 1.61 5.71 0.8
600 0.44* 1.46* | 3.45* 1.90* 6.72* 11.6
700 050 | 168 3.97 2.18 7.73 13.3
800 0.56* | 1.89* 4.48* 2.46* 8.71* 15.0
900 0.62 | 210 4.98 2.74 .69 16.7
1000 0.68* 2.31% 5.48 3.01 10.7 18.3
1200 0.81 273 6.45 3.29 12.6 21.6
1400 0.93* 3.13* 7.4 2.61 14.4 18.1
1600 1.05* 3.53* 8.36 2.14 12.8 14.8
1800 | 116 3.93 8.96 1.79 107 | 124
2000 1.27* 4.32* 7.72% 1.52* 9.23* | 106
2500 1.56 5.28 551* L1o* |6.58% 7.57
3000 1.84 5.64 4.17 0.83 | 4.98 5.76
Type A Type B Type C

*Esfimated from ANSI tables by linear interpolation.
Note: Type A—manual or drip lubrication; type B—bath or disk lubricafion; type C— oikstream lubricafion,
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Rated Horsepower Capacity of Single- Strand Single-Pitch Roller Chain for a
1 7-Tooth Sprocket

Sprocket .

Speed, ANSI Chain Number

rev/min 80 100 120 140 160 180 200 240
50  TypeA 288 552 933] 144 209 289 384 618
100 538/10.3 174 269 39.1 540 71.6 115
150 775 148 251 388 563 777 103 166
200 100 192 325 503 729 101 134 (215
300 145 277 468 724 105 145 193 310
400 187 359 60.6 938|136 188 |249 359
500 % 22.9 439 741 [115 166 (204 222 0
600 = 270 517 {873 127 141 1155 169
700 31.0 59.4 1890 101 112 123 0
800 350 [63.0 728 824[ 917 101
900 399 1528 61.0 69.1] 768 84.4

1000 377 1450 521  590| 656 72.1

1200 28.7 343 396 | 449 499 0

1400 227 272 315 356 O

1600 18.6 223 1258 O

1800 156 {187 21.6

2000 13.3 {159 0

2500  9.56] 0.40

3000 | 725 0

Nofe: Type A—manual or drip lubrication; type B— bath or disk lubricafion; type C —oil-stream lubrication; type C* —type C, but this
is 0 galling region; submit design fo manufacturer for evaluation.

plail yiai 3 o8y 5 HUaY) Ae ju s s 17 (0 DY s 3113508 Gl Y gaal) (ol3a

Double Strand

Adke pad)
Single Strand

L aie ymidl. C' 5A LB, C gsige aidl ANSI
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Tooth Correction Factors, K| Mu|fip|e—STr(]nd Factors K2
Number of K, K,
Teeth on Pre-exireme Post-exireme Number of Strands Kz
Driving Sprocket Horsepower Horsepower

11 0.62 0.52 ] 1.0
12 0.69 0.59 2 1.7
13 0.75 0.67 3 2 5
14 0.81 0.75 '
15 0.87 0.83 4 3.3
16 0.94 0.91 5 3.0
17 1.00 1.00
18 1.06 1.09 6 4.6
19 1.13 1.18 8 6.0
20 1.1¢ 1.28 ]
N [N]/]7J1,0S [N]/];r]].s

Dnaliysae sl e U Ll o any il 30 S
AaSlal apanal G a3 Ll il A 5080 JS H
Aidas ye o didas Jeal) o Lol 180 Jasi y (service factor) saelud) dale K

Angnal of A b (S anaall el dale
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Single-Strand Sprocket Tooth Counts Available from One Supplier®

No.

25
35
4]
40
50
60

4-45, 48, 52, 54, 60,
660, 64, 65, 68, 70,
8-60, 64, 65, 68, 70,
8-60, 64, 65, 68, 70,
8-60, 62, 63, 64, 65,
8-60, 64, 65, 68, 70,
8-60, 64, 65, 67, 68,
@45, 46, 48, 50, 52,
@28, 30, 31, 32, 33,

8-30, 32-36, 38, 40

64, 65,
72,76,
72,76,
72,76,
60, 67,
72,76,
70,72,
54, 55,
34, 35,
, 45, 46,

Available Sprocket Tooth Counts
8-30, 32, 34, 35, 36, 40, 42, 45, 48, 54, 60, 64, &5, 70, 72, 76, 80, 84, Q0, 95, 96, 102, 112, 120

68, 70,
80, 84,
80, 84,
80, 84,
68, 70,
78, 80,
74,76,
57,60,
36, 37,

72,76, 80,
Q0, @5, 96,
Q0, @5, 96,
Q0, @5, 96,
72,76, 80,
84, Q0, @5,
80, 84, 90,
o4, 65, 67,
39, 40, 42,

84, Q0, 95,96, 102, 112, 120

102, 112, 120
102, 112, 120
102, 112, 120

84, Q0, 95,96, 102, 112, 120

@6, 102, 112, 120

@5, 96,102, 112,120
68,70,72,76, 80, 84, 90, 96, 102, 112, 120
43,45, 48, 54, 60, 64, 65, 68, 70, 72, 76, 80, 84, 96

50, 52, 53, 54, 56, 57, 60, 62, 63, 64, 65, 66, 68, 70, 72,73, 80, 84, 96
13-25, 28, 35, 39, 40, 45, 54, 60
@-30, 32, 33, 35, 36, 39,40, 42, 44, 45, 48, 50, 51, 54, 56, 58, 59, 60, 63, 64, 65, 68, 70, 72
©-30, 32, 35, 36, 40, 44, 45, 48, 52, 54, 60

*Morse Chain Company, Ithaca, NY, Type B hub sprockets.
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Dimensions of American Standard Roller Chains—Single Strand

Minimum Average Multiple-

ANSI Tensile  Weight, Roller Strand

Chain Pitch, Width, Sirength, Ibf/ft Diameter, Spacing,
Number in (mm) in(mm) |bf (N) (N/m) in (mm) in (mm)

25 0.250 0.125 /80 0.09 0.130 0.252
(6.35) (3.18] (3 470 (1.31} (3.30) (6.40)
35 0.375 0.188 1 760 0.2] 0.200 0.399
(2.52) (4.76] (7 830) (3.06] (5.08] (10.13)
4] 0.500 0.25 1 500 0.25 0.306 .
(12.70) (6.35] (6 670 (3.65] (7.77) .
40 0.500 0.312 3 130 0.42 0.312 0.566
(12.70) (7.Q4] (13 Q20) (6.13] (7.92) (14.38)
50 0.625 0.375 4 880 0.69 0.400 0.713
(15.88) (2.52] (21 700) (10.1) (10.16) (18.11)
60 0.750 0.500 /7 030 1.00 0.469 0.897
(19.05)  (12.7] (31 300) (14.6] (11.91) (22.78)
80 1.000 0.625 12 500 1.71 0.625 1.153
(25.40)  (15.88] (55 600) (25.0) (15.87) [29.29)
100 1.250 0.750 19 500 2.58 0.750 1.409
(31.75]  (19.05] (86 700) (37.7) (19.05) (35.76)
120 1.500 1.000 28 000 3.87 0.875 1.789
(38.10]  (25.40) (124 500) (56.5] (22.22) (45.44)
140 1.750 1.000 38 000 4.95 1.000 1.924
(44.45)  (25.40) (169 000) (72.2) (25.40) (48.87)
160 2.000 1.250 50000 6.6] 1.125 2.305
(50.80) (31.75) (222 000) (@6.5] (28.57) (58.55)
180 2.250 1.406 63 000 2.06 1.406 2.5972
(57.15)  (35.71) (280000) (132.2) (35.71) (65.84)
200 2.500 1.500 /78 000 10.96 1.562 2.817
(63.50) (38.10] (347000) (159.9) (39.67) (71.55)
240 3.00 1.875 112000 16.4 1.875 3.458
(76.70)  (47.63] (498 000] (239 (47.62) (87.83)

Source: Compiled from ANSI B2Q,1-1975.
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Chain Number

#25

#35

#40

#41

#50

#60

#60 Cottered
#60 Heavy
#80

#80 Cottered
#80 Heavy
#100

#100 Cottered
#100 Heavy
#120

#120 Cottered
#140

#140 Cottered
#160

#160 Cottered

Chain Number

#35-2

#40-2

#50-2

#60-2

#80-2

#80-2 Cottered
#100-2 Cottered
#120-2 Cottered
#140-2 Cottered

|
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BETWEEN
INMNER
PLATES

T

Emrer0D
LLELY 3T

U[
(

o]

Z=7
@m=-imED

Pitch Roller Diameter Betwwen Inner Pin Diameter Aver?ge Lbs. per oot
Plates Tensile (nominal)
1/4 130 1/8 .091 875 .08
3/8 200 3/16 141 2,100 22
1/2 312 5/16 156 3,700 41
1/2 306 1/4 141 2,000 27
5/8 400 3/8 .200 6,100 .68
8,500 1.00
3/4 468 1/2 234 8,500 1.05
8,800 1.20
14,500 1.70
1 .625 5/8 312 14,500 1.75
15,500 2.19
24,000 2.62
1-1/4 750 3/4 375 24,000 2.75
26,000 3.10
3.75
1-1/2 . 1 4 4
/ 875 37 34,000 406
4.66
1-3/4 1. 1 . 4
3/ 000 500 6,000 595
6.50
2 1.112 1-1/4 562 58,000
’ 6.96
I ILC LI IL T[]
mEl IL 1L T 1 |[
LS ; = e :;._
Lbs. per
Pitch Roller Diameter Bethv’sl':;leznner Pin Diameter Average Tensile foot
(nominal)
3/8 200 3/16 141 4,200 43
172 312 5/16 156 7,400 .80
5/8 400 3/8 200 12,200 1.30
3/4 468 172 234 17,000 2.02
3.40
1 .625 5/8 312 29,000
’ 3.50
1-1/4 750 3/4 375 48,000 5.26
1-1/2 875 437 68,000 7.80
1-3/4 1.000 .500 92,000 9.87

http://www.azusaeng.com/chain/rollerchain/sngle.html
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G500 LENGTH
THRU BORE

922.21 PITCH

HMAX 23 Tooth
| Cast Nylon Sprocket
- 75 TYP —= 720 Style - Molded

http://www.hitmax.com/epg/epgdata/hmax 23t spkt.htm
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Belt Type Figure Joint Size Range Center Distance
Flat Yes . J003100.20in Mo upper limit
T 07510 5 mm

T
Round Oiff Yes d=Ztodin MNe upper limit

Bl
W 4 None . [0.31100.91in Limited

U b ~ | Bto 19 mm

Timing I_\_/_\_/_I MNone  p =2 mm and up Limited

Lo jaY) QL) g avenall Jual gl gyl gB1)

sin~

—T sl s SV i D

r;éif.__ff)_:_‘;‘i - \t—
' \ bl 3 Sl Hlad
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. B all 3 K0
coedl Jsb L
sl W5 6, 5 6,
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Suggested Service Factors K; for V-Belt Drives

Source of Power

Normal Torque High or Nonuniform
Driven Machinery Characteristic

Uniform 10to 1.2 1.1t 1.3
light shock 1.1to 1.3 1.2tc 1.4
Medium shock 1.2t0 1.4 1.4t0 1.6
Heavy shock 1310 1.5 1.510 1.8




129 e gl Bla Al dwaigh) A qualil) § Aluall g azacall

Service Factors Vee (V) Belts

Operating Period /day

<8h <16h >16h

i Driving Machine:
D_rlven Reasonable Smooth
qu."pment; Starting torque 100% - 200% FL
| Electic Motors -Star Delta
\ DC motors-shunt wound
IC engines over 8 cyl'rs
Turbines

Smooth Machine Tools-Lathes drills etc

Liquid agitators,

Blowers, Exhausters 1,0 1,1 1,2
Light Duty conveyors

Centrifugal Pumps

Uneven Machine Tools-Milling /Gearcutting;etc
Printing machines

Laundry Machinery

Generators

Piston pumps and compressors(4+ cylinder)
Fans and blowers

Chain conveyors

Elevators

Circular saws for wood 1,1 1,2 1,3
Transmissions

Printing ,Paper-making machines
Food-industry machines-dough mixers
Heavy screens

Rotary furnaces

High-speed grinders

Positive Displacement Rotary Pumps
Revolving Vibrating screens
Punches/Presses

Planing machines

Vertical shapers and wood-processing machines
Piston pumps and compressors with one or two
cylinders

Bucket elevators

Fans and blowers of heavy types

Exciters

Screw and drag conveyors 1,2 1,3 1,4
Crushers

Piston Pumps

Presses heavy flywheels

Weaving machines

Machines for cleaning cotton

Machines for pressing and pelletising fodder
Positive Displacement Blowers

Hoists

Excavators

dredgers

Heavy presses

shears

Mechanical hammers

Mills(ball, rod, tube) 13 14 15
Stone crushers

Hammer mills

Crushers (gyratory, jaw, roll)
Sawmill machines

Rubber Calendars, extruders, Mills

http://www.roymech.co.uk/Useful Tables/Drive/Service Factors.html

<8h <16h | >16h

Driving Machine:
Coarse
Starting torque 200%-400%

DC Motors with series/mixed
excitation

AC Motors (DOL)

Two stroke Engines

IC engines under 600 rpm,

11 1,2 13

1,2 13 14

13 1,4 1,6

15 1,6 1,8
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Belt Width a, Thickness b, Minimum Sheave hp Range,
Section in in Diameter, in One or More Belts
1 11 1_
21 rd _
B 3 73 54 1-25 _g
C 7 1z 9.0 15-100 -
g 32 - A
D ] % g 13.0 50-250
1
E 15 ] 21.6 100 and vp
(eb’; dSS) e\)';]\ % &}d\ Jaa L@.Ss.g LF\S\ SJM\
Horsepower Ratings of Standard V Belts
Belt Sheave Pitch Belt Speed, ft/min
Saction Diameter, in 1000 2000 3000 4000 5000
A 2.6 0.47 0.62 0.53 0.15
3.0 .86 1.01 1.12 0.93 0.38
3.4 0.81 1.31 1.57 1.53 1.12
3.8 0.23 1.55 1.92 2.00 1.71
4.7 1.03 1.74 2.20 2.38 2.19
4.4 1.11 1.89 2.44 2.89 2.58
5Cand up 1.17 2.03 2.64 208 2.89
B 4.2 1.07 1.58 1.68 1.246 022
4.6 1.27 1.%9 2.20 2.08 1.24
5.0 .44 2.33 2.80 278 2.10
54 1.5 2.62 3.24 3.34 2.82
5.8 1.72 2.87 3.61 3.85 3.45
6.2 1.82 3.09 3.94 4,28 4.00
6.6 1.92 3.29 4.23 4. .67 4 48
7.0and up 2.01 3.44 4.4 5.0 490
- 6.0 1.84 2.66 272 1.87
7.0 2.48 3.94 4.64 4.44 3.12
8.0 2.94 490 6.09 6.36 5.52
2.0 3.34 5485 721 7.84 7.39
10.0 3.64 625 8.11 Q.04 8.89
11.0 3.88 574 8.84 10.0 101
12.0 and up 4,09 715 Q.44 10.9 11.1
D 10.0 414 6,13 &6.55 5.09 1.35
11.0 5.00 /.83 211 8.50 5.62
12.0 571 Q.26 11.2 11.4 Q.18
13.0 &.31 10.5 13.0 13.8 12.2
14.0 &.82 11.5 14.6 158 14.8
15.0 727 12.4 159 17.6 17.0
16.0 766 13.2 171 19.2 12.0
17.0 and up 8.01 13.2 18.1 2048 207
E 160 8.68 14.0 17.5 18.1 15.3
18.0 .92 16.7 21.2 23.0 21.5
20.0 10.2 18.7 242 269 264
22.0 11.7 20.3 26.6 30.2 30.5
24.0 12.4 21.6 28.6 32.9 33.8
26.0 13.0 22.8 30.3 35.1 36.7

28.0 and vp 13.4 23.7 31.8 371 3.1
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H, =K, xK,xH_

Angle of Contact Correction Factor K for VW* and V-Flat Drives

D-d

1.50

K,

9, deg vv V Flat
180 1.00 0.75
174.3 0.99 0.76
166.5 0.97 0.78
162.7 0.96 0.79
156.9 0.94 0.80
151.0 0.93 0.81
1451 0.91 0.83
132.0 0.89 0.84
132.8 0.87 0.85
126.5 0.85 0.85
120.0 0.82 0.82
113.3 0.80 0.80
106.3 0.77 0.77

8.9 0.73 0.73

1.1 0.70 0.70

82.8 0.65 0.65

*N curvefit for the W column in terms of & is
;= 0.143 543 + 0.007 46 8 & — 0.000 015 052 ot
inthe range 90° < # < 180°.

Beltlength Correction Factor K3

ol ol Lelany Al 3 )adl)

oloa IS Lelay Al s pasll H
oSlel Jsaall (g ol a IS Jpaal) e e yaius Al sl H
A9 3 sl dalae K|
Jshll msat dalas K

Nominal Belt Length, in

Length Factor A Belts B Belts C Belts D Belts E Belts

0.85 Upto 35 Up to 46 Upto 75 Upto 128

0.20 38-46 48-60 81-26 144~-162 Upto 195
0.95 48-55 62-/5 105-120 173-210 210-240
1.00 60-75 7897 128-158 240 270-300
1.05 78-20 105-120 162-195 270-330 330-390
1.10 Q6-112 128-144 210-240 360-420 420-480
1.15 120 and up  158-180 270-300 480 540-600
1.20 195and up 330 andup 540 andup 660

*Multiply the rated horsepower per belt by this factor to obtain the comected horsepower.
4ajalY) e

Dol a JS Ll ) 5 508l s Al 5 a8l UK (5 gy 5 pmia 23 58 da Yl axe

N, >

H

H,

a
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A
B
C
D
E
3V
5V
gV
T,=F +ﬁ
d
_ b
T,=F +F
-b
SGRE
Tl T2

e zlall Pla Al duaigd) b cualil) g dluall g asaail)

: e \Y Ao e e sl e
s dsaad) 1 e by A0 Kc-’ Fcch(—)z Ol gy et FC 5 all (el

Belt Section

1000

Some V-Belt Parameters™

K,

220
576

1 600
5 680
10 850
230
1098
4830

0.561
0.965
1.716
3.498
5.041
0.425
1.217
3.288

*Data courtesy of Gates Rubber Co., Denver, Colo.

a3 U< adall el
10 o 10° 10° fo 10" Minmen
Force Peaks Force Peaks e
K b K b Diameter, in
A 674 11.089 3.0
B 1193 10.926 5.0
C 2038 11.173 8.5
D 4208 11.105 13.0
E 6061 11.100 21.6
3v 728 12.464 1062 10.153 2.65
5V 1654 12.593 2394 10.283 7.1
8V 3638 12.629 5253 10.319 12.5
N p Lp

720 xV

(Jae) e ldl o ol 3all el el



133 wezlal Pla LSilGall duaigh (b cunalil) 5 dluall 5 aranall)

Coupling - 43 il

Ao leie gl o a5 Lagann (njsne el Jualy aodiud AlK00 daki 4 jaal)
sl Al 34 ad) " skl adlaii | (flexible coupling) 4 Wis 5 (solid coupling)
Slo s Adlal 4 )sme 54 ki 58 sed VI sam Anmaa 3 gea Dl alaii e
Go JSEE A el Al g )il e gL daladl) o GadYL 5 ) sisdl 5 Gl (B saia
OIS o e g ST sall 13a 5 Adallae dakad Lagiy (ol 318 (yiindad

Solid coupling Flexible coupling

Jsb e e Ll b il o) gl (s A 5 ¢ Dgaall 5 25l Llall 4 jaal L S
e ol eda | &l ) FiaY) g byl GabaiaY dba dghlas dakdy ek e )
aﬂ);:d\g)aj\
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Lﬂ\gmﬁhﬂ

Vertical offset

Horizontal offset Horizontal angularity

«(dial indicator) (Ll delu Jaxius
(feeler gauge) <lsadll ulie
.2‘_.’)“\95 l » wi....!

g 4l Capeati vie | Hauld A 0 il el £ sl e e 58 Clialiiiie a0l dsdall
.S, Lashd gn Alaldlisle] j
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Elastische Kupplungen
Bauarten BDS und ADS

e zlall Pla Al duaigd) b cualil) g dluall g asaail)

FLENDER

N-EUPEX-DS
Flexible Couplings

Types BDS and ADS

Accouplements élastiques
Types BDS et ADS

B -

ab Flender-Vorratslager lieferbar

D = available ex Flender stock |:| = livrables du stock Flender

BDS zweiteilig / in two parts / en 2 parties

S ; .
BN Teil / Part / Partie 1
Teil / Part / Partie 1 U1 Wi : \ Wi 3t Wy B
i Teil / Part / Partie 4 K"_‘]
Hig |

da

#ds
g

Grofien 66 bis 305 [ Sizes 66 to 305

Tailles 66 a4 305

¢
fda

éT B -~ & S——
[ Ly

ADS dreiteilig / in three parts / en 3 parties
Teil f Part / Partie 3
Teil / Part / Partie 2

é’ QT —'—[—L'T'—'E"_"D‘;"—‘

40
ddz
[
!
||
P

GrofBen 118 bis 380 / Sizes 118 to 380 Grofen 430 bis 556 ( Sizes 430 to 556
Tailles 118 & 380 Tailles 430 a 556

31.1 Nennwerte Py : n, Drehmomente Ty, Drehzahlen ng,,. MaBe, Massentragheitsmomente J und Gewichte
Nominal values Py : n, torques Ty, speeds Npay dimensions, mass moments of inertia J and weights
Caractéristiques Py : n, couples Tgy, vitesses ng,,, dimensions, moments d'inertie J et poids

M-EUPEX Menn- Menn- Bohrung / Bore da Massentragheitsmoment Gewicht
-DS wart dreh- | Drah- Alesage Mass moment of inertia Wight
Kupplung | Nominal |/moment| zahl D, Teil Moment d'inertie Poids
Cuuplirln_; cvaélgé ‘Eum. Eﬁaed Teil / Part / Partie l:'F'a”r_t J g 3)
Accouple- | Caracté- | torque |Vitesse artie : : g :
ment ristique | Couple 1 . 44 21 Teil/Part/Partie ke Teil/Part/Partia Ge-
1) 2) nomin. s uE La T | % sl & 8 , 40, | samt 5 40 | samt
Bau- Grofie T, Mmax | 4 o R el 2 1 | YA | 243 | Total 243 | Total
art Size P KN o B juscus
Type Taille n Nm iy mm mm mm [ mm | mm [mm [mm| mm |[mm |mm| kgm? | kgm? | kgm?@ ka kg kg
BDS 66 0.002 19 5000 | - 19 - 24 | 66 40 20 2..4) 20 8 | 0.0001 | 0.0002| 0.0003 0.24 0.31 0.55
BDS 76 0.0036 34 5000 | - 24 - 28| 76 50 20 2..4| 20 8 | 0.0002| 0.0003| 0.0005 0.33 0.42 0.75
BDS 88 0.0063 &0 S000 | - 30 = 38 | 88 68 30 2.. 4 30|10 | 0.0007 | 0.0006| 0.0013 1 0.92 1.92
BDS 103 0.011 100 5000 | - 42 o 42 | 103 76 76 35 2..4) 30|12 | 0.0015| 0.0014| 0.0029 1.6 1.5 31
BDS 118 0.017 160 5000 | - 48 o 48 | 118 88 | 86 | 40 2. 4] 34 | 14 | 0.003 | 0.0031 | 0.0061 1.9 2.1 4
BDS 135 0.025 240 5000 | - E5 - 55 |135 (100 (100 50 2... 4] 36 | 18 | 0.006 0.007 | 0.013 3.1 3.5 6.8
BDS 152 0.038 360 4900 | - &0 - 60 |152 (108 (100 55 2...4| 36|20 | 0.011 0.011 0.022 4.2 4.4 86
BDS 172 0.059 580 4280 - &5 - 65 |172 |118 (108 &0 2.. 6] 41|20 | 0019 0.018 | 0.037 5.8 5.7 11.5
BDS 194 0.092 Ba0 3800 - 75 - 75 |194 |135 (125 70 2.. 6] 44 | 20 | 0.037 0.032 | 0.069 8.8 8.2 17
BDS 218 0.14 1340 3400 | - 85 = a5 |218 (150 (140 a0 2... 6| 47 | 24 | 0.062 0.059 | 0121 12 121 241
BDS 245 0.21 2000 3000 | - 90 = 90 | 245 |150 (150 | 90 2.. 68| 52|18 | 0.08 0.082 | 0172 14.5 14.6 291
BDS 272 0.29 2800 2750 | 44 (100 | 44 (100 (272 (165 [165 [100 3.8 60|18 | 0.18 0.132 | 0.282 20 191 391
BDS 305 0.41 3900 2450 | 47 (110 | 52 |110 |305 |180 |180 [110 3. 8| 65|20 | 0.26 0.208 | 0.468 27 24.3 51.2
ADS 118 0.7 160 5000 | - 48 38 |118 86 62 40 | 33 |2... 4| 34 | 20 | 0.003 0.003 | 0.006 1.9 1.94 3.84
ADS 135 0.025 240 5000 | - S5 = 45 | 135 (100 75 S50 | 38 |2.. 4| 36 | 23 | 0.006 0.008 | 0.012 31 3.1 &.2
ADS 152 0.038 380 4900 | - &0 - 50152 (108 | 82 | 55 | 43 |2... 4| 36 | 28 | 0.011 o2 | 0.023 4.2 4.5 8.7
ADS 172 0.059 560 4250 | - &85 = 58 |172 | 118 95 | 60 | 47 |2... 6| 41 | 28 | 0.019 | 0.020 | 0.0392 58 ] 11.8
ADS 194 0.092 820 3800 | - 75 - 65 |194 |135 (108 70 | 50|2... 6| 44 | 30 | 0.037 0.035 | 0.072 a.a 8.5 17.3
ADS 218 0.14 1340 3400 | - 85 = 75 |218 |[150 (122 80 | 53 |2... 6| 47 | 32 | 0.062 0.062 | 0.124 12 12 24
ADS 245 0.21 2000 3000 | - 20 = 85 |245 |150 (138 90 | 81 |2... 6| 52| 38 | 0.09 0.115 0.205 14.5 17.7 32.2
ADS 272 0.29 2800 2750 | 44 |100 | 30| 95 (272 (165 [155 [100 | 69 |3... 8| €60 | 42 | 0.16 0.2 0.36 20 24.7 44.7
ADS 305 0.41 3800 2450 | 47 (110 | 52 |105 |305 |180 [172 (110 | 73 |3... B| 65 | 42 | 0.26 0.3 0.56 27 291 561
ADS340 | 0.58 | 5500 | 2150 |47 [120 | ga |190 |340 |200 162 (125 | 78|a.. 8| 70 |47 |3A% 332 |03 |3 |33 | 733
ADS 380 | 0.81 7700 | 1950 | 50 |140 | 32 |110 |ag0 |230 |120 |140 | 83 (2. 8| 74 |s1 | 971 | 288 | 182 | g4 | 335 |1075
84 120 200 1.2 1.26 2.69 69 145
ADS 430 1.1 10300 1700 | 64 | 150 ag | 150 430 | 250 250 160 | 88 |3... 8| 78 | 56 1.4 1.4 83 TG 24 150
78 1130 215 1.9 2 4,13 91 186
ADS 472 1.4 13500 1550 | 78 (160 118 | 160 472 | 265 255 180 | 99 |5..10 88 | 64 21 21 4.93 95 g7 192
88 145 240 2.8 3 6.15 118 234
ADS 514 1.7 16800 1400 | 88 180 134 | 180 514 | 300 300 190 (104 |5.10) 90 | 65 31 3.3 6.45 19 122 241
ADS 556 | 2.2 21200 | 1300 |98 [190 |,38 1130|556 |a15 |530 [210 [115|s..10[102 |68 |43 |38 [382 [1se 1B |57
1) Bei Ausfall der Elastikelemente laufen die 1) Upon failure of flexible elements the coupling 1) Lors de la rupture des éléments élastiques, les

2)
3)

4)

Kupplungsteile frei zueinander. Es findet keine
metallische Berthrung statt.

Pn = MNennleistung in kKW

n = Drehzahl in min’
Massentragheitsmomente J und Gewichie
gelten fir mittlere Bohrungen.

Vorbohrung

Bestellbeispiele Seite 33

K420 DEENTFR

parts rotate independent of each other. There
is no metal-to-metal contact.
2) Pn = Nominal power rating in kW
n = Speed in min?
3) Mass moments of inertia J and weights refer 3)
to couplings with medium-sized bores. l'alésage moyen.
4) Pilot bore 4) Préalésage

Ordering examples on page 33 Exemples de commande page 33

deux parties de I"'accouplement tourment indé-
pendamment. || n'y a aucun contact metallique.

P = Puissance nominale en kKW
n = Vitesse de rotation en min~'
Moments d'inertie J et poids correspondent &

2
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N-EUPEX BIPEX

Ehuriirg with posve detorrection
LR Aol & ¥ B de dderTEa

HI.I PEX
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|rJ.- Lipling
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pluall 83 5K Jerind (turbo coupling) s (hydraulic coupling) %S4 s uel) 4 jidl)
AS all 30 Jay | sl (58 sl e AR (e g il e B G AS el Jain Y AL
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Gears - o« gl

Uadd g5l Jal Jeaiod Aaliae bl 5 JKEL G0 ciladad g il ) At S laal)

AT e e p el Adelias 5 )5l

Gstieal AANAl) 5080 ¢ Al (g i) (5 sria Leliny ) 5 a8 AEU Blia o g6 e ol

faii Gas il (3saia Jaly ASlgiuall A jall 5 aEl) Adlaal da AN 5,80 (g ey il

LINE OF ACTION

/

e dal sl e 5 Oy sall G Adayl 1 OS1 ¢ SAISERY)

Lial) cBlaal) Jual g 5 asalia aal

PINION

|PITCH CIRCLE |

Vo W TOOTH PROFILE

) \ INVOLUTE
!/ ToUTSIDE o ( )
DIA 1
v !
‘ 7\ BASE CIRCLE
| /

PRESSURE
ANGLE L\
Oy /
L Q‘.‘ﬁ‘ A [PITCH CIRCLE]
TN ;
WORKING 2O L AN s WHOLE DEPTH| [~ cENTER
DEPTH N - - % ’ s, DISTANCE
X & [cLEARANCE| 3
X § ADDENDUM
s DEDENDUM|C
CIRCULARTOOTH] 1/ \La— [ROCT (TOOTH)
THICKNESS (| " S
i
] \ 1
!
< ROOT ;]
— DIA. \.;
CIRCULAR >l b
PITCH
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a9 Al g 5

Jal Jasist )y sall saad 330 5 Glinsd Led s S e 3le o (super gears) A ug
 anins) W ST 5 G g il )il Janad (8 5 DAT (I ) sma (g0 A ) sl AS )

| AP R s
.145 S125 225 51 20 (pressure angle) bzl 444 )

LS (S Y 207 4l R Alaall, Juadl) 207 45030

1 .. )
14— e leios) ilae

Aaal) g il cladiiia
Standard and Commenly Used Tooth Systems for Spur Gears

Tooth System Pressure Angle ¢, deg Addendum a Dedendum b

Full depth 20 1/Pjor Im 1.25/Pjor 1.25m
1.35/Pyor 1.35m
22% 1/Pyor Im 1.25/P 0r 1.25m
1.35/Pyor 1.35m
25 1/Pyor Im 1.25/Py0or 1.25m
1.35/Pyor 1.35m
Stub 20 0.8/Pyjor0.8m 1/FPy4 or Im

Led ¢ Ol saal dpnilly Alile il Wb s 5 e 5ke (helical gears) 4igila (g s
s Aaall Gl cpdg sl ) Aaall a g il Y Leria] (ad
(helix angle) Qs iladl 450 ) oy (8 23 Aaall ) gae
w <Al e

Sl o el g Al i)

iy ARROW

‘:i,lﬁ GEAR

20l COMPANY
W LA ITOWGear.com

w
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A g lall a g il LY (5 lbmall il
Standard Tooth Proportions for Helical Gears

Quantity* Formula Quantity* Formula
Addendum 1;?0 External gears:
Dedendum ] ;‘,325 Standard center distance Y ;— E
i Np L
Pinion pitch diameter Gear outside diameter D+ 2a
P, cos ¥
L Ng - o
Gear pitch diameter Pinion outside diameter  d + 2a
P,cos ¥
B,
Normal arc tooth thickness Pi ) Gear root diameter D—-2b
Pinion base diameter d cos ¢ Pinion root diameter d—2b
Internal gears:
. , D—d
Gear base diameter Dcos ¢y Center distance —5
Base helix angle tan~! (tan¥ cos¢y)  Inside diameter D— 2a
Root diameter D+ 2b

*All dimensions are in inches, and angles are in degrees.
18, is the normal backlash.

Jaxiudi g e s e gl W e 55 oo 3oke (bevel gears) 4skag Aall (g Al
saalaiall g Aadaliiall | slaall (s A el Jil
bl ol el Chgan Al L) g Ao W) i)
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A 53 20 531 Al — ke g 3l o ) (st (5 Jlpmal) coand sl

Tooth Proportions for 20° Straight Bevel-Gear Teeth

Working depth h, = 2.0/P
Clearance c =(0.188/P) 4+ 0.002 in
Addendum of gear ag = 0.4 + 0'4602
P Plmgo)

Gear ratio me = Ng/Np
Equivalent Q0° ratio mog = Mg when I' = Q0°

Mop = v’ mf;;% when I &£ Q0°
Face width F=0.3Ag or F = E whichever is smaller

P
Pinion‘]é 15 14 13

Minimum number of teeth

Geqr‘w 17 20 30

oalia] A g sadlaiall slaall o AS jall Jil e (worm gears) 4w gall Gl
. o Gl e BBl Alle (sl 38 by sall

Recommended Pressure Angles and Tooth Depths for Worm Gearing

Lead Angle A, Pressure Angle Addendum Dedendum
deg ¢n, deg a be
0-15 145 0.3683p, 0.3683p

15-30 20 0.3683p, 0.3683p
30-35 25 0.2865p, 0.3314p,
35-40 25 0.2546p, 0.2947p,

40-45 30 0.2228p 0.2578p
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A Top land
i~
\‘F’Q‘
¥
/ Addendum -
‘ circle Face
Addendum Circular / \ T / '
r pitch ~ W ) Flank
- — Q .
N Pitcp .. /
. <" thickness - M‘“/ \ié\
Dedendum {\\\\\E Width of — \&\3 5
- _+_ | \\:S-\ Space ‘\\;&\ &\é\
T /\‘k — \gx\\‘t\ o
N
Clearance  Fillet f B ﬁ;@i
radius BN -
Dedendum Clearance
circle circle
tan ) (Ossdl) ) Gyl Jaile ylai
cosy = ¢“ baall izl 4y ) ) ¢t
tan ¢t O snll 3 gadl) ylad A
N : 5yl
P =— Gy oo P 24 H
d Sl o sl 2a glial mnigh) Jalall J
gl dsasdl M

1 .
a=— (psx) daall pu il @

P
1.25 :
b= T (psrin) el G s b
P . ;
2

DS il Gl dae NG
a5l Ssiaen

bl 4405 @
A s el G i) 8 A0 5l
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p:';'— Aalad) Y b

aal gl (Y1 8 gl axe csshdll p

ool laad e N

3 ghadll s yly ki
V=10,
r, n, N,
=V =V. =L -_66__F
p G
Is np NG
Vg =I5Ng
Saa¥) el Aphdll e iV
AL alal »dy L L o L
4 50140 3 ghadl) oayl (il 3 gladl) 5 yila Hhad Ca ST

CIRCULAR
PITCH

Aagall b sl il @l g0 dac n,
5.ghal) 3 4003 : |
PITCH CIRCLE ) \ 9 L

S Gl G Jad) Jda

5040 5 ghal)
CIRCULAR
PITCH

¢ Al el.&':ﬁ\gé
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Liocal) cdlaal) o g gl Jalas

Agtal) a9 31

Pinion

W, =F} A giiall 4l gaall
. . d : :
(Aaall ki) T=_W, Sosll o e
s dw, ) O
(Al N de e @) H=Tw= 5 @ Alaall Llass Al 3 jasll
(Aadall A dlaall &) 50 2ae) V :7zd_n ahadll de )
) 12
33000x H ] ) ]
Wt:v—x (Ibf ) s 558 ) (hp ) conen 53] Jy g
gl b b de )
Wt:M (kN)&_L».u; 5}5&\(kW)&_Lu;oJJsj\d~.U;3
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A g 3lal) (g g sl
|
| W
|
|
|
T
Mjﬁ;ﬁ———— ————— iIJ____
RS W,
< b >\K' ~
ry g |I ? W = ‘E&_ﬂ_
s S
W Tooth element 4
¥t \
/ |
. HI.II JJlI
| —x/
dass W, i
s W, AN /" pitch
Aosmar A W, T S cylinder
W, =W, tang
W, =W, tany
W = W,

CoS ¢, cosy



147 e gl Bla Al dwaigh) A qualil) § Aluall g azacall

Ak g Al g Al
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W, =W, tangcosy

W, =W, tang@sin y
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A3 5al) (g g Al

¥
="
- -
..—-""-_Fr_.-. -‘\"\
== W
= - —_
: T - - - | |
| S /
FWsin A
: ~
| — 2,\“‘-
| T e
| N& e
: FWeos A -~
I Wf =fW
I
I

Pitch helix

Pitch eylinder

W * =W cosg, sin A
W Y =Wsing,
W * =W cosg, cos A

-

WWW . UNETEDCUTTINGTOOL . COM

lﬁuﬂhﬁ);ﬂ\iqiu&ﬂayjj

Aiiee O a3 i Bl
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Aaiglal) g dpatal) (a9 Al AT g avacal
o8 el e (gl AT

P, K. Kg

a=W‘K0KVKSFd Alaall () o5 gl

S /(K: Kg)
(o)

_ 33000H V = zrdn

Wt
Vv 12

53030 Al yanll Jale K

Table of Overload Factors, K,

Driven Machine

Power source  Uniform Moderate shock Heavy shock

Uniform 1.00 1.25 1.75
Light shock 1.25 1.50 2.00
Medium shock 1.50 1.75 225
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0.0535
K, =1 192[F\/T]

PdQ)#\B)M\ME}Lﬂ\BJE\JJLE

Dynamic factor, K,

e zlall S

"Wery Accurate Gearing”

0 2000 4000

6000 8000 10 00

Pitch line velocity, V. ft./min

Faaall Gu (e

Km

pf

-

=1+C,.C,C,, +C

-

"

ma e)

R 0.025

10d

r 0.037+0.0125F
0d

F

10d

0.1109 +0.0207F

Number of

Teeth

12
13
14
15
1&
17
18
19

20

20
21
22
24
26

(Vt )max

V') e

LGl dadigh) & uatil) g Dlual) g avanail)

Saalial Jaall K

A =50+56(1-B)

2

B =0.25(12-Q,)3

w =[A+@Q, -3)F

_[A+@Q -3
B 200

Junylddae Q)

Number of
Y Teeth Y

0.245 28 0.353
0.261 30 0.359
0.277 34 0.371

0.290 38 0.384
0.2946 43 0.397
0,303 50 0,409
0.300 &0 0.422
0314 75 0.435
0.322 100 0.447
0.328 150 0.460
0.331 300 0.472
0.337 400 0.480
0.344 Rack 0.485

Dot Jenall 38 3 Jaladl)
F <1in

1<F <17in

17 < F <£40in

—0.000228F*
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Centerline of

1 i <0.17 alasl) c;—"’té A gear face
S Centerline of —— Centerline of
C — bearing bearing
pm | |
1.1 Siyggy il ds
S I
I

C,.=A+BF +CF?
Jaud) Jsaall (e Lega 25 C 5B 5 A

Condition A B C

Open gearing 0.247 0.0167 —0.765(1074)
Commercial, enclosed units 0.127 0.0158 —0.930[1079)
Precision, enclosed units 0.0675 0.0128 —0.926(1074

Extraprecision enclosed gear units 0.00360 0.0102 -0.822(10-4

Gliaial) sdgy Ailaiul) (Say

0.90
0.80 Open gearing
0.70
£
=)
= 0.60 Commercial enclosed gear units
]
&
= 0350
o
g Precision enclosed gear units
& 0.40
= O
o Extra precision enclosed gear units
S 030
0.20
0.10
For determination of €. see Eq. (14-34)

] 5 10 15 20 25 30 35
Face width, (i)
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0.8  lemendie Lealatiahy Al g pll

1 s AY) SV aseal

(rim) daall jUa) daldia Jale K

2242 Mg <12 oA Mg Al

Tk _,.—-—"—__§\
y ”’"B:;TR
K 48 ¢ 5l Jale
Reliability KR (Yz)
0.9999 1.50
0.999 1.25
0.99 1.00
0.0 0.85

0.50 0.70
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Y, ol A slial slgay) s 550 Jale
5.0 . —
NOTE: The choice of Yy in the shaded
4.0 Y. =045]18 N-0148 area is influenced by:
400 HB ;
. 5 Pitchline velocity
2 _ 1 —0.1192 Y
3.0 LT C Y Gear material cleanliness

Case carb.

250 HB .~

2.0

Stress cycle factor, Yy,

. /—0.1045 sidual stress
Yy=4.9404 N 0.1045 RCHLIH 1l .slu,s.s. | ) - )
Material ductility and fracture toughness

Yy=23.517 N~OBI7

Yy=1.3558 N~O017®

Y

1.0 1.0
0.9 0.9
0.8 0.8
0.7 Yy=1.6831 N~0032 0.7
0.6 0.6
0.5 0.5
102 103 10* 10° 10° 107 10% 10° G

Number of load cycles, N

A\‘)a_ﬁ.!\_ua;‘)d 120w)£i@$)mﬁg)j\$‘)\‘);:\é‘)dk_\.ﬂ5\dg\c KT BJ\);S\K;JJJALG

K, =1 Jaxcin



Geometry factor J

0.60

0.55

0.50

0.45

0.40

0.35

0.30

0.20
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Spurgear geometry factors |
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Fgalall g il J 0 Fn gl gl Jalal)

= 5 — Pinion addendum 1.000
E Gear addendum 1.000
g
o
% =
- =
_ Z 23
b~ [}
g3 oo £ %
oz 170 ==
= g5 &8
so 2%
&g
35 &3
25 =2 =
17 5
Generati k 1 pitcl
P Number of teeth
in mating gear
Load applied at|ap of tooth
12 15 17 20 24 30 35 404550 60 B0 125 275 e

Number of teeth for which geometry factor is desired

0.60

0.55

0.50

0.45

0.40

0.35

0.30

0.25

0.20
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kpsi s S 3 ksl () o8l da slaa

80

Metallurgical and quality control procedures required

70

60
Grade 2
S, = 108.6Hy + 15 890 psi

40 —

_ \

Grade 1
S,=823Hg + 12 150 psi

Allowable bending stress number, S, kpsi

[
—_

[y
n
=

275 300 325 350

Core hardness, Hp

Uanll Gl diiy p 42la
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SN Y) Aty Alaall i) JSE bl o apaal)

o, =C, W 'K K K, Ko Cf —1y2 iy dleal
d F |
SH :SCZNCH /(KTKR) OI.A“)“ LJ-ALC
GC
Do L ol Al Jalaall
_ 1
’ 5 il il gy Jebes E
cC - 1 5 50 Al g Jalas E
P l—vf, 1_1/62 8 gl Alaall gl 52 i v
T +
E, Eg 5 2 Alnal) &gl 51 s 1

s dsaadl 1 e palial) oda C_);:u.u

Elastic Cosfficient C, (Ze), /psi (vMPa)  Source: AGMA 218.01

Gear Material and Medulus
of Elasticity Eg, |bf/in2 (MPa)*
Malleable Nodular Cast Aluminum Tin
Pinion Modulus of Steel Iron Iron Iron Bronze Bronze
Pinion Elasticity Ep 30 x 106 25 x 10°% 24 x 10° 22 x 10° 17.5 x 108 16 x 10°
Material psi (MPa)* (2 x 10%) (.7 x10% (L7 x10° (L5x10% (L.2x10% (L1x 10
Steel 30 x 10° 2300 2180 2160 2100 1950 1900
(2 x 109 [121) (181) [179) (174) [162) [158)
Malleable iron 25 x 100 2180 2090 2070 2020 1200 1850
(1.7 x 10°) [181) [174] [172) (168) {158) {154)
Nedular iron 24 x 10° 2160 2070 2050 2000 1880 1830
(1.7 x 10°) [179) (172) [170) (166) [156) [152)
Cast iron 22 x 106 2100 2020 2000 1960 1850 1800
(1.5 x 109 [174] [168) [166) (163) [154) [149)
Aluminum brenze 17.5 x 108 1050 1900 1880 1850 1750 1700
(1.2 x 109 [162) (158) [156) (154] [145] [141)
Tin bronze 16 x 108 1600 1850 1830 1800 1700 1650
(1.1 % 10%) (158] (154) (152) (149) (141] (137)

Poisson'’s rafio = 0.30.
*When more exact values for modulus of elasficity are obtained from roller contact fests, they may be used.
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C, =1 gl aals shs Wt C, Aaall o Alla Jale
A g olall 5 aalall (g ill cwnigl) Jalall

(cos¢ sing Mo

daa A X
om, mg +1 2B (s A
| =<
cosgising Mg A s 53
| 2my mg —1
- . - - T | - . NG dG
°):"-‘A‘<_A\°):‘=‘SMM\)LSJ‘UL‘“\JJ‘;“+“” mG = =—
N, d,
kd my =——— Aol ool 5 omy =1 Al G Al Alseall A
0.95Z
Jall e & L el s i Z s PN =P cosd
Arc of Arc of

approach ¢, recess ¢,

/"‘f .
/
— A —~ ~
T~
~~ . — ~
— —_\4 }“\\ Addendum

~_ circle

Pitch circle

—_— -

Addendum circle

Motion
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Jsaall 138 (e P o (g il (o Ailine ) S cedandl Jon i gl

P Allowable Contact Stress Number,? S, psi
Material Surface
Designation Hardness! Grade 1 Grade 2 Grade 3
Steel? Through hardened* See Fig. 14-5 See Fig. 14-5 See Fig. 14-5 —
Flame® or induction 50 HRC 170 000 190 000 —
hardened? 54 HRC 175 000 195 000 —
Carburized and See Table 9* 180 000 225 000 275 000
thdenedS
Nitrided?® (Through B35 HRTEMN 150 000 163 000 175 000
hardened steels| 84.5 HR15N 155 000 168 000 180 000
2.5% chrome Nitrided? 87.5 HR15N 155000 172 Q00 189 000
{no aluminum)
Nitrc:”oy 135M Nitrided® Q0.0 HRT15M 170000 183 000 195 000
Nitralloy N Nitrided® Q0.0 HR15N 172 000 188 Q00 205 000
2.5% chrome Nitrided? Q0.0 HR15N 176 000 196 000 216 000
{no aluminum)

ol 138 (e JSTE o lial Mga Y 5550 Jale Z ) Jalal

5.0 : NP
NOTE: The choice of Zy in the shaded
4.0 zone is influenced by:
3.0 Lubrication regime
- Failure criteria
= Smoothness of operation required
t‘fl, Pitchline velocity
2 20 Gear material cleanliness
= Z,= 2.466 - 0.056 Mal_t,lml ductility and fracture toughness
= : Residual stress
3 , 7—0.023
> Zy=14488 N
[72] i
= 11 : - -
bt . — — Ll
“ 1.0 /- S———
0.9 -
0.8 Nitrided
' Zy=1249 NTOO18
0.7 N
0.6
0.5

102 10° 104 10° 106 107 10° 10° 1010

Number of load cycles, N
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‘;11:\.\5\ (AT UA.LSABJ:\.\SS\M CH c.l:ul‘:\_ivuadaa\.c
1.14
1.7
1.12 16 :t:% 2
g
- =
x 1.10 1.5 =
-
g B
2 108 14§
= o
% 1.3 %
o 1.06 =
B U
= 1.2
o
1.04
When
1.02 Hgp _
—L < 1.2,
Hpe
Use Cpy= 1
1.00 : =
0 2 4 6 8 mw 12 14 16 18 20
Single reduction gear ratio m_,
N d
G G . L a
Mg :N—:d—cz,,_al:\gl\ laa 4
p p
SY , /(K.K . . : ‘
S, =2t N (KrKe) Uaall G w58 Gebasd Je gl Jale aas
(o)
S Z,C, /(KK i s . ; ;
3, sl (Kr Kg) AN Y) dagti Aaall s JSB Luld e Y1 Jale
O
c

sl Legdl S2 5 S O ol () o il laall dagy MEAY) S o il e (gl ]
- sl 3yl Al dlsal) el e aseaill Gl Glle | LY 58
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(Ls8) (A Anglh S aall 228 Al lalga ) Gulad e A g 3lall g dpalall (o g i) apanald o
CAlaal) o A00a 5 S A gl el e ol ¢ Sia ) i sl Cp JSE ) Asall s
e COlaall apanal aain SISl Y Al lany ol ol SIS bl a5
S Al 5 ) slaall G ALaldll g Adaall g im 2S Glharall ¢ Qldazall 5 AL gasall (any
o Uany e ¢ Wyt 5l ghadll o UaEYT 5350l 5 Gl ae s Ol e pual
;«LYBJ\ahé@ajmeuiﬁg;iuxqaw\uzyaﬁjjcL@_.z}ésuﬁaw\

Laxa Aaldy 30 5080 g daglaa (center distance) O laal) S ja Gu Alaldl) - L_A;ﬁ\ PA(BNY]
la i Sy Y

Atall O amll €1 ey A gdna da g3 Y - AN AAY)
s P Alaall G ga e A3 AllS)
¢ @Y Aaall s e (F) ool e cBlandl araial oy sl ga g dlla 8 ddasdle

@AY Alaall e (Y 531 4 ja Claaldl aal elae] 5 (o) pall Lluay) HUT e calill elly
sl G e AL Aaals 8 KU liay
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dilal) C laal) YA B {I) dadl)

Guail 5 adati 2ie ol gl aal e (clearance) 4awdll 5 (backlash) zlai)¥) s
Al 4 COlaall Glial G dils daid e 5 le Y1 L Ly e Al @l
b ghdlls iladama Je g dlaall lind Gula aalil AL

Pitch Line Backlash
Gear 1

Pitch Line Clearance
Gear 2

Y Cia plow (Sa 5 Uaall Jlind G 5 sadll 3aalia (San ¢ Y pam 545 (S
AUl i ¥ Ul gl oSV ¢ hea F Y (S o g Golat | il 3laall A4S s ie
Ay 30 N8 e el 5 Alsall lind o a5 dlee Jsgest] SIS 5 (5 )l Ll (e

Uaall i G daalat ) Aaid 535 e Y Gl O



162 e gl Bla Al dwaigh) A qualil) § Aluall g azacall

b C0laall w5 st i a5 zlai Y1 el e pre
Uaall (il Ao Sl i 58325 &) gual -]
40l ) ClS a2
Alaall o 325 5 A ges -3
laall 3l a da o pliil 4
A Ao Aaal) linf JSG -5
Uaall Gl Jlusi) -6
ol 4als A Alsal) Gl G 3 Al ol 53 020 -7

CM\M\LJAJM‘}‘).\ST'&}MUQ3J¢M\Jcﬁ‘)¥\u\s\f{a&

: Tl Zlad Y
) Diametrical Pitch Size
Center Distance
. .5-1.99 2-3.49 3.5-5.99 6 -9.99 10 - 19.99
Between Gears (inches)
Normal Plane Backlash (inches)
To5 - - - - .005 - .015
Over5-10 - - - .010 - .020 .010 - .020
Over 10 - 20 - - .020 - .030 .015-.025 .010 -.020
Over 20 - 30 - .030 - .040 .025 -.030 .020 - .030 -
Over 30 - 40 .040 - .060 .035 - .045 .030 - .040 .025 -.035 -
Over 40 - 50 .050 - .070 .040 - .055 .035 - .050 .030 - .040 -
Over 50 - 80 .060 - .080 .045 - .065 .040 - .060 - -
Over 80 - 100 .070 - .095 .050 - .080 - - -
Over 100 - 120 .080 - .110 - - - -

Liiwal) COlaally 3l Al Y (e 3l
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Alaad) il e (513 ()5} 3 s oal 53 3 5ms

40 ia) QS ja

Uaal) Glind o i 5l (3585 35a

Msa 2gny ol dashll 5 da ol 5 4l Cun o Aaall iy 3 Jeriusall <y dlae
o JLEA) 5 andl juidall cy i (e 3 gai Sl a3l die 54 Alia
A€ 5 il Jaxiondl) pl Aias

Aaall i e 5355 sall Jalaall e

1
i
111

Av

Vi
Vil
.Viil

X

X1

X11

X111

aab lnd Laas s ulie ye o anlia s Ja dlaal) Ll (G Guladll £ 50 el 3kl aal

ol e g5 Caadl el T saaLie A8 jall die 5 sk < laall

s A Al
Al G Jas g 1
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Hydraulic - < 52¢])

JS 5 daeal) 5 LS Jlaall L33 5 (pneumatic) &Siile sill s 4S5 juel) Aabail) Jarius
5l a8 ad i A el Aadail) Jerind | Jlazind e 5 15 s 5 Cpuilae olellaill 138 (4
sl ASile gil) Al Jaiad Gl ¢ WSaill 5 ol joall 5 ¢ adall 5 ¢ canall e (o 68

s obelaall A A0 jle ol | S J8 ol jady oK1 gl 2 Y

Al (e o pdas Cilaual  Sdgsam Qi A oleall a5 adall 5 canll 58 -
A& sla gaill

5l g puell 3 Lealiiay Iy 5 ASila gaill b yildai (g0 A0S T A4S0 g juel) Aadaily) -
(8 A oy g el o) sell ACla gl Aadasl) Jeaiadt ey ) el 3l Bale ) juaa
ezl Jaa

dclia 8 dali¥) oda Jardud Al 4S5 Hanell W yildas (e Cadail 4800 o) dakail) -
gl 5450 A

A LS 4 jal) DAY (any ae 4S5 sl W yildas dgnd LS00 5 jaell Akl 2l -
Al 8 o) sedl daelin 5 ASg el Al b ey 3l daiad Akl o b

: ! - Al il

¢l sell et Lia Gy 3l A
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b 5 Oflmaia g olaia * ¥
T
Gk & 5 (ilmaa g alaa *iy
Gob gl 5 Gl 5 &0 Dl MZl
I 4S5, 500 Jlia
| S g

Cylinder
(LaSa) Ll shaud P2
Jog

Pressur Gauge
Laall ulida

[ 4 ]

Solenoid Valve

(rasblineg) (sl e plana

It
[

Relife Valve

Pump
Motor ol Aa
Lﬂ‘)M i

’ Filter
o

Laid e ill 5 ylall 028 8 ol 51!
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directional valves — 4xlaiy) cilalaall
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Rexroth 48 )& (e 484 5 haell L&l o) 5l (e g 5 ilialaiia

Areas, forces, flow

Piston Piston Area Areas Force at 160 bar " Flow at 0.1 m/s ?
rod ratio Piston Rod Annulus | Pushing Diff. Pulling Out Diff. In
AL MM ¢ A, A, A, F, F, F, Qy, 9y, Ays
@ mm @ mm A/A, cm? cm? cm? kN kN kN L/min L/min L/min
12 1.30 1.13 3.78 1.81 6.04 0.7 23
e 18 2.08 ool 0.54 0.37 2] 4.07 3.78 = 15 1.4
14 1.25 1.54 6.50 2.46 1040 0.9 3.9
e 22 100 | %% | 380 | 424 | '*® | 608 | 6.79 4.8 23 25
18 1.25 254 10.02 4,07 16.03 1.5 6.0
40 2212 1.43 12.56 3.80 8.77 20.11 6.08 14.02 7.5 2.3 5.3
28 1.96 6.16 6.40 9.85 10.25 3.7 38
22 1.25 3.80 15.83 6.08 25.33 23 9.5
50 28 12) 1.46 10.63 6.16 13.48 31.42 9.85 2156 11.8 3.7 8.1
36 2.08 10.18 9.45 16.29 15.13 6.1 b.7
28 1.25 6.16 25.01 9.85 40.02 3.7 15.0
63 36 12 1.48 31.17 10.18 20.99 49.88 16.29 33.59 18.7 6.1 12.6
45 2.04 15.90 15.27 25.45 24.43 9.5 9.2
36 1.25 10.18 40.08 16.29 64.14 6.1 24.0
80 45 12 1.46 50.26 15.90 34.36 80.42 25.45 54.98 30.2 9.5 20.6
56 1.96 2463 25.63 39.41 41.02 14.8 15.4
45 1.25 15.90 62.64 25.45 100.21 9.5 376
100 5g 12 1.46 78.54 24.63 53.91 125.66 39.41 86.26 471 14.8 32.3
70 1.96 38.48 40.06 61.58 64.09 231 24.0
56 1.25 2463 98.09 39.41 156.94 14.8 58.9
125 7012 1.46 122,72 38.48 84.23 196.35 61.58 134.77 73.6 23.1 50.5
90 2.08 63.62 59.10 101.79 94.56 38.2 35.5
70 1.25 38.48 162.58 61.58 260.12 23.1 97.5
L 110 100 | 20108 | 9503 | 106.03 | 32170 | 15005 | 160.64 | 1208 | 570 | 636
90 1.25 63.62 250.54 101.79 400.86 38.2 150.3
i 140 106 | 31416 | 15304 | 160.22 | 9920° | 24630 | 256.35 | 1885 | go4 96.1
Fi A3 A Fo A12 Remarks
L [ i bl 1 Theoretical force (without
- : | - consideration of efficiency)

Fs + 2 Stroke velocity
Ays A1 Y92 12 Piston rod @ not standardised
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Shigley’s Mechanical Engineering Design, Eighth Edition, McGraw-Hill

Machinery’s Handbook, Twenty-Eighth Edition
MECHANICAL ENGINEERS DATA HANDBOOK, JAMES CARVILL

http://www.jalalalhajabed.com/mechanic-Eng-Arab-dic.pdf

&) 5all

http://www.engineersedge.com/

http://www.engineershandbook.com/Tables/carbonsteelalloys.htm

http://www.voithturbo.com/fluid-couplings_literature.php3?1d=746

http://www.boschrexroth.com/country units/america/united_states/en/products/br

p/Products & Solutions/U.S. Product Offering/Air & Hydraulic_Cylinders/ind

ex.jsp
http://www.skf.com/portal/skf/home

http://www.ntn.co.jp/english/index.html
http://www.flender.com/content_manager/page.php?1D=1720405&dbc=807a89cb
001dc57beb364b9dfa7as5t4d

http://en.wikipedia.org/wiki/Main_Page
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