ASSEMBLY ELEMENTS

Screw Threads, Threaded Parts
Fasteners
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A thread 1s a helical ridge of uniform
section formed on the inside or outside
of a cylinder or a cone. Threads are

used for several purposes.

1. For fastening devices such as
screws, bolts, studs. and nuts.

2. To provide accurate measurement
as 1n a micrometer.

3. To transmit motionedThe threaded
lead screw on the lathe causes the car-
riage to move along when threading.

4. To increase force. @ Heavy work
can be raised with a screw jack.
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Fasteners

T

e Permanent « Removable
 Rivets e« Screws
* Welds » Bolts
« Studs
* Nuts
* Pins

+ Keys
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Pitch=Lead if
there is only 1
groove
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The main parts of a screw thread.
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Right- and Left-Hand Threads

Unless designated otherwise, threads are assumed to be
right-hand. A bolt being threaded into a tapped hole would
be turned in a right-hand (clockwise) direction

For some special applications, such as turnbuckles, left-hand
threads are required. When such a thread is necessary, the
letters LH are added after the thread designation.

MOTION

™~

f""“\
f..--'l--..

=
s
MOTION
(A) RIGHT-HAND THREAD (B) LEFT-HAND THREAD

Right- and left-hand threads.
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Single and Multiple Threads

Most screws have single threads. It is understood that
unless the thread is designated otherwise, it is a single
thread. The single thread has a single ridge in the form of
a helix The lead of a thread is the distance
traveled parallel to the axis in one rotation of a part in
relation to a fixed mating part (the distance a nut would
travel along the axis of a bolt with one rotation of the nut).

In single threads., the lead is equal to the pitch. A double
thread has two ridges, started 180° apart, in the form of
helices, and the lead is twice the pitch. A triple thread has
three ridges, started 120° apart, in the formm of helices, and
the lead is three times the pitch. Multiple threads are used
when fast movement is desired with a minimum number
»f rotations, such as on threaded mechanisms for opening
and closing windows.

\

(A) SINGLE THREAD (B) DOUBLE THREAD (C) TRIPLE THREAD

Single and multiple threads.



Normal (coarse) Fine Thread

Thread
Coarse-Thread Series This series is intended for use in
general engineering work and commercial applications.

Fine-Thread Series The fine-thread series is for general
use where a finer thread than the coarse-thread series is
desirable. In comparison with a coarse-thread screw, the fine-
thread screw is stronger in both tensile and torsional strength
and is less likely to loosen under vibration.
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Common threaded fasteners.

Ll

ROUND
HEAD

F

TRUSS
HEAD

HEX HEAD

| | E

FLAT OVAL FILLISTER

HEAD HEAD HEAD
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(A) SCREWS
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SQUARE HEAD

(B) BOLTS
T s TN ALLLLTLRTL AT
DOUBLE-END STUD CONTINUOUS-THREAD STUD
(C) STUDS
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PAN HEAD FLAT HEAD FILLISTER HEAD (C) BOLTS
(A) MACHINE SCREWS

N

7
77

(B) CAP SCREWS (D) STUDS

Fastener applications.
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(B) TAPPING SCREWS WITH PREASSEMBLED SEALING WASHERS OR COMPOUNDS

Special tapping screws.
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Common Head Styles
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® O ® ® @

HEX CAP SLOTTED PHILLIPs® CLUTCH > ®

> e TRI-WING

TORQ-SET® TRIPLE MULTI- CLUTCH POZIDRIVE®
SQUARE SPLINE TYPE G

®m % Q O O

SCRULOX® TORX® SLAB HEAD SQUARE HEXAGON

Drive configurations.
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*The earliest records of screws are found in the writings of Archimedes (278-212
B.C.)

*Until 1841 there was no standard thread form, no interchanging of parts. A nut
had to be tied to its own bolt!

*In England, Sir Joseph Whitworth made the first attempt to set up a uniform
standard in 1841.

* The initial attempt to standardize screw threads in the USA came in 1864. The
system was designed by William Sellers. It was known as the “Sellers thread” or
the “United States thread”. This system fulfilled the need for general-purpose
thread for a period; but with the coming of automobile, the airplane, and other
modern equipment, it became inadequate.

*In 1935 the American Standard thread with the same 60° V form of the old
Sellers thread was adopted in the USA. Still there was no standardization among
countries.

*In 1948, an agreement was reached on the unification of he American and
British screw threads among the Americans, British and Canadians. The new
thread was called the “Unified Screw Thread”

*In 1946, an International Organization for Standardization (ISO) committee
established a single international system of metric screw threads
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THREAD PRODUCTION
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Cutting threads on a lathe
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Part

Flat dies

Cutting Threads with a Tap Rolling Threads with Flat Dies

——— Thread milling 7/
cutter

Cyiindrical
dies

~utting Threads with a Milling Cutter -
Cutting Threads with a S Rolling Threads with Cylindrical Dies



CUTTING INTERNAL
THREADS

Most internal threads are cut with taps;
however, there are times when a tap of
a specific size is not available and the
thread must be cut on a lathe. Internal
threading, or cutting threads in a hole,
is an operation performed on work held
in a chuck, collet, or mounted on a
faceplate. The threading tool is similar
to a boring toolbit, except the shape

is ground to the form of the thread to be
cut.
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_ A set of hand taps:
(A) Taper; (B) plug; (C) bottoming.
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Three types of taps for threading internal
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Checking the number of
threads per inch with a thread pitch

gage.

R

Checking the accuracy of a
A thread ring gage is used thread with a master nut.

for checking threads on production work. thread with a master nut.
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THREAD FORMS.
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I”OM"“M semEs wiH GRaDED |
SlE L FTcees 1.
{mm) | COARSE FINE 1.5 1.25 1 0.75 0.5 0.35
Thread g:nrlli Thread L.r'i:!I Thread -lr;ﬁl Thread Eﬁl Thread g:ﬁl Thread I.Jr:u?l Thread g:.?l Thread g:l?l Thread g::ﬁ Thread I:.)F:iﬂ Thread gr.ﬁl
Preferred Pitch Size Pitch Size Pitch | Size | Pitch | Size | Pitch | Size | Pitch Size Pitch Size | Pitch | Size Pitch Size | Pitch | Size Pitch Size
1.6 0.35 | 1.25
1.8|0.35| 1.45
2 04 | 1.6
22|045| 1.75
2.5 0.45 | 2.05 0.35 |2.15
3 05 | 25 0.35 |2.65
35|06 | 29 0.35 |3.15
4 67 | 323 0.5 3.5
45075 3.7 0.5 | 4.0
5 0.8 4.2 0.5 | 4.5
6 1 5.0 0.75 | 5.2
8 1.25 | 67 7.0 1 | 70]075] 7.2
10 15 | 85 |1.25] 87 125 | 87] 1 |90 ]075] 9.2
12 1.75 | 10.2 |1.25 | 10.8 1.5 [105 |1.25 [107] 1 |1
14 |2 12 |15 |[125 1.5 125 |1.25 12.7|' 1 13
16 2 14 1.5 14.5 1.5 | 14.5 1 |15
18 |25 [155 [1.5 | 165 2] 16| 1.5]165 T 17
20 25 |175 |1.5 | 185 2 | 18] 1.5]185 1 e
22 |25 [195 |15 | 205 2 | 20| 1.5]|205 1 (21
24 3 21 |2 22 2 | 22] 1.5 | 225 1 |23
27 |3 24 |2 25 2 | 25| 1.5 | 25.5 T |26
30 35 [265 |2 28 2 | 28] 1.5 | 285 1|29
33 |35 [295 |2 31 2| 3] 15|35
36 4 32 |3 33 2 | 34| 1.5|345
39 |4 35 |3 36 2 | 3Z] 15 375
42 45 (375 |3 39 4 | 38| 3 |39| 2| 40| 1.5 405
45 |45 |39 |3 42 s |a1]| 3| 42] 2| 43| 15435
48 5 43 |3 45 4 |as]l 3 |as| 2| 48] 15485
Metric screw threads.
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HEXAGON HEAD  SOCKET HEAD FLAT HEAD FILLISTER HEAD ROUND OR PAN HEAD
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 US. CUSTOMARY (INCHES) - - wnkmbenn 0
| Hexagon  Socket  Flat Fillister Roundor | | Hexagon  Socket  Flat  Fillister  Pan
Nominal | Head  Head  Head  Head  Oval Head |Nominal | Head  Head  Head  Head

56 16 6 24 6 19

250 44 07 38 .25 S50 14 38 24 44 9 M3 §5 2 5.5

312 SO 22 47 3 62 18 4 30 56 25 4 7 28 7 75 22 8 31 8 25
375 5by 25 56 .38 25 21 56 36 62 27 5 8.5 Ja 8 92 25 10 38 10 3.1
438 62 30 66 44 81 .21 02 37 A5 33 6 10 4 10 11 3 12 46 12 38
500 75 34 g5 .50 88 21 J5 41 81 35 8 13 55 13 145 4 16 6 16 5

j
i
+

i
L

o v b w| &

625 94 42 94 62 112 28 88 52 1.00 .44 10 17 7 16 10 18
750 132 50, 132 #5 138 35 100 61 123 5o 12 19 8 18 12 23 6.4

w
[xo]
o

75 20 62

16 24 105 24 16 29 8
20 30 13.1 35 9

Common machine and cap screws.
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250
312
375
438

500
625
750
875

1.000
1.125
1.250
1.375
1.500

438
500
562
625

750
938
1.125
1312

1.500
1.688
1.875
2.062
2.250

172
219
250
297

422
500
578

672
750
844
906
1.000

O

LENGTH

\l\l\ NN

M5 x 0.8
M6 x 1
M8 x 1.25

M10x 1.5
M12 x 1.75
M14 x 2
M16 x 2

M20 x 2.5
M24 x 3
M30 x 3.5
M36 x 4

10
13

15
18
21
24

30
36
46
55

39
4.7
5.7

6.8

93
10.5
3.
15.6

15
234

Hexagon-head bolts and cap screws.
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Nusts
The customarry terms regielar and rfrick for describimg nut
thicknesses have been replaced by the termms sryvie 7 and

styvile 2 for metric nuts. The design of styvyle 1 and 2 stececl nuts

shown in Fig.

HEX-FLANGED HEX-SLOTTED
NUTS NUTS

4/19/2010 STYLE 2 33

Hex-nut styles.
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) \ =
L_FA.J WASHER FACE THICK

REGULAR STYLE 2

STYLE1

250 438 218 281 M4 x 0.7 7 —_ 32
312 500 266 328 M5 x 0.8 8 4.5 53
375 562 328 406 M6 x 1 10 56 6.5
438 625 375 453 M8 x 1.25 13 6.6 7.8
500 750 438 562 MI0 x 1.5 15 9 10.7
562 875 484 609 M12 x1.75 18 10.7 12.8
625 938 547 719 M14 x 2 21 125 14.9
750 1.125 641 812 M16 x 2 24 145 174
875 1.312 750 906 M20 x 2.5 30 184 21.2
1.000 1.500 859 1.000 M24 x 3 36 22 254
1.125 1.688 969 1.156 M30 x 3.5 46 26.7 3
1.250 1.875 1.062 1.250 M36 x 4 55 32 376
1.375 2.062 1172 1.375
1.500 2.250 1.281 1.500

Hexagon-head nuts.
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e

1/s
14
13/s

12
15/s
13/4
17/s

21/s
2/
23/4

3a
32
33/a

4

4.000

N8 3% |

ho
s

—_ - Ny
P8

- -
- N W

| —
[ O ONN®® VO

2 b bbs Abhba |
nn

No. 50
No. 43

No. 38
No. 36
No. 29
No. 25

Z
F
312
U

422
484
531
656
766

875
984
1.109
1.219

1.344

1.562

1.781
2.031
2.250
2.500

2.750
3.000
3.250
3.500

3.750

Z
@

X oM OWE Moo ® © -

1.125
1.250

1.375
1.500
1.625
1.750

1.875
2.125
2.375
2.625

2.875
3125
3375
3.625

3.875

UNF
UNF
UNF
UNF

UNF
12
12
12

12
12
12
12

12
12
12
12

12

UNC -

16 Vv
16 438
16 .500
16 562
UNF —
16 812
16 938
16 1.062
16 1.188
16 1.312
16 1.438
16 1.562
16 1.688
16 1.812
16 1.938
16 2.188
16 2.438
16 2.688
16 2,938
16 3.188
16 3.438
16 3.688
16 3.938

Note: The tap diameter sizes shown are nominal. The class and length of thread will govern
he limits on the tapped hole size.

Inch screw threads.
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ISO thread representation.
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ASME STANDARD THREAD CONVENTIONS ISO STANDARD THREAD CONVENTIONS
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(B) INTERNAL THREADS (B) INTERNAL THREADS
Simplified thread representation.
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Thread Class (Forinch threads)

Three classes of external thread (classes 1A, 2A, and 3A)
and three classes of internal thread (classes 1B, 2B, and 3B)
are available. These classes differ in the amount of allow-
ances and tolerances provided in each class.

The general characteristics and uses of the wvarious
classes are as follows.

Classes 1A and 1B These classes produce the loosest fit,
that is, the greatest amount of play (free motion) in assembly.
They are useful for work where ease of assembly and disas-
sembly 1s essential, such as for stove bolts and other rough
bolts and nuts.

Classes 2A and 2B These classes are designed for the ordi-
nary good grade of commercial products, such as machine
screws and fasteners, and for most interchangeable parts.

Classes 3A and 3B These classes are intended for excep-
tionally high-grade commercial products, where a particularly
close or snug fit is essential and the high cost of precision
tools and machines is warranted.



Ex.ﬁM PLE g |
randard UnifGed External Screw Thread:

2S50-20 UNC-2Z2A, ASME B1.1

|

e

—oa multiple start threads the mnumber of threads per inch is
lead in

laced by the following: pitch in inches P, a dash
hes ., and the nmnumber of starts 1im inches.

—
-

amvdard Unified External Multiple Start Screw T hread:

A8 T7ISIL (3 STARTS)IUNEF-2A, ASME B1.1

SO . 0625P -

e e

Number-size threads may be shown because of established
industrial drafting room practices. When a number-size thread

is specified. a three-place decimal inch eguivalent. enclosed in
1s placed after the nmnumber (see Example

p

parentheses,

| EXAMPLE =
Standard Unified External WNWumber-Size Thread:
10 (.190)-32 UNF-2Z2A, ASIWVIE B1.1

Standard Unified Imnternal Thread:

S5 (.125)»-40 UNC-Z2ZB, A SME B1.1

S ————
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—NOMINAL DIAMETER
—NUMBER OF THREADS PER INCH
YTHREAD SERIES

N\ \ ¢ THREAD CONTROLLING ORGANIZATION CLASS OF THREAD FIT
-. — THREAD STANDARD \DESIGNATK}N FOR EXTERNAL THREAD

\\ ; gg-il UNC-28B, ASME B1.1
75010 UNC, ASME BY 1 750-10 UNC—2A, ASME B1.1 W
 - e
g 1l -
(A) BASIC THREAD CALLOUT EXTERNAL THREAD (C) BLIND HOLE
DESIGNATION FOR INTERNAL THREAD 2.00-2 SQUARE, ASME B1.1

CLASS OF THREAD FIT

75016 UNF~38. ASME B1. 1 . U —T
.. \[ V 77 - Y -\1 32,00
¥

INTERNAL THREAD J ,_*50
(B) TOLERANCE CALLOUT (D) MISCELLANEQOUS THREAD FORMS

Thread specifications for inch-size threads.
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Thread Grades and Classes (for Metric Threads)

The fir of a screw thread is the amount of clearance betweer
the internal and external threads when they are assembled

For each of the two main thread elements—pitch diam-
eter and crest diameter—a number of tolerance grades hawve
been established. The number of the tolerance grades reflect=
the size of the tolerance. For example, grade 4 tolerances are
smaller than grade 6 tolerances, and grade 8 tolerances ares
larger than grade 6 tolerances.

Grade 6 tolerances should be used for medium-qualits
length-of-engagement applications. The tolerance grades
below grade 6 are intended for applications involving fins
quality and/or short lengths of engagement. Tolerance grades
above grade 6 are intended for coarse quality and/or lons
lengths of engagement.

In addition to the tolerance grade, a positional tolerancs
is required. This tolerance defines the maximum-material lim-
its of the pitch and crest diameters of the external and intern=
threads and indicates their relationship to the basic profile.

In conformance with current coating (or plating) thick-
ness requirements and the demand for ease of assembly. =
series of tolerance positions reflecting the application of var: -
ing amounts of allowance has been established as follows.

For external threads:

® Tolerance position e (large allowance)
Tolerance position g (small allowance)
® Tolerance position h (no allowance)

For internal threads:
4/19/2011

® Tolerance position G (small allowance)
® Tolerance position H (no allowance)



PREFERRED TOLERANCE CLASSES, ISO THREADS?®

o e e L e Tl e ]

Internal threads (nuts)

External threads (bolts)

Tolerance Tolerance Tolerance Tolerance Tolerance
position e position g position h position G position H
Quality (large allowance) | (small allowance) (no allowance) (small allowance) (no allowance)
Length of Length of Length of Length of Length of
engagement engagemenlt engagement engagement engagement
Group Group Group|Group Group Group|Group Group Group|Group Group Group|Group Group Group
S N L S N L S N L S N L S N L
Fine 3hdh  4h  5hdh 4H 6H
Medium e e | 5g6g |6Q| 7g6g|5h6h 6h 7heh| 566G 7G | SH 7H
Coarse 8g 9g8g G 8G TH BH
4/19/2010 50



LENGTH OF THREAD ENGAGEMENT GROUPS

e “ T R i st e, o — —— e
Length of Thread Engagement Length of Thread Engagement
Nominal Nominal
Size Pitch| Group Group Group Size Pitch | Group Group Group
Diam. P S N L Diam. P S N L
To and To and To and To and To and To and
Over Incl Incl Over Incl Over | Over Incl Incl Over Incl Over
0.2 05 0.5 15 1.5 1 4 4 12 12
0.25 0.6 06 19 1.9 1.5 6.3 6.3 19 19
15 2.8 0.35 0.8 0.8 26 2.6 2 8.5 8.5 25 25
0.4 1 1 3 3 22.4 45 3 12 12 36 36
0.45 1.3 38 3.8 35 15 15 45 45
4 18 18 53 53
0.35 1 1 3 - 45 21 21 63 63
0.5 1.5 1.5 45 45
2.8 56 06 ) B 1.7 5 5 15 75 1.5 22 22
0.7 2 2 6 6 2 95 95 28 28
0.75 22 2.2 6.7 6.7 3 15 15 45 45
0.8 2.5 2.5 7.5 185 45 90 4 19 19 56 56
5 24 24 71 71
0.75 2.4 2.4 1 ¥ 55 28 28 85 85
56 112 1 3 3 9 9 6 32 32 a5 95
1.25 4 4 12 12 2 12 12 36 36
3.5 5 5 15 15 90 180 3 18 18 53 53
4 24 24 71 71
1 38 38 1 1 6 36 36 106 106
1.25 45 45 13 13 3 20 20 60 60
112 224 1.5 5.6 56 16 16 180 355 4 26 26 80 80
1.75 6 6 18 18 6 40 40 118 118
2 8 8 24 24
25 10 10 30 30

All dimensions are given in millimeters. (Courtesy of ISO Standards.)



ISO Metric Screw Thread Designation

Metric 60° screw thread designation (thread note) is expressed
in this order: the metric thread symbol M, the thread form
svmbol J, where applicable. the nominal diameter in milli-
meters, a lower case x, the pitch in millimeters, a dash., the
pitch diameter tolerance symbol, the crest diameter tolerance
svmbol (if different from that of the pitch diameter), and a
space followed by any qualifying information. For the coarse-
thread series only, the pitch is not shown unless the dimen-
sion for the length of the thread is required
EXAMPLE 1 =

Standard Metric WL Screw T hread:
“wWifoxl-<dhoh, A SME Bl1l.13MN

=coummessane

Standard Metric WIJ Thread, Gaging Systerm 21:
»MJox1l-4H (21). ASMVME B1.21 M

e

The metric thread size or the pitch should include a zero
=fore the decimal if the wvalue is less than one. but should

ot show a zero as the last number of the value, e.g.. M10Ox1.5

arnd MJ 2.5x0.45. WNotice that there is no space on either side

» thhe x.

For multiple start threads, the pitch is replaced by the

following: I (lead in millimeters), ~ (pitch in millimeters),
a2md the mumber of starts i parentheses.

EXAMPLE =
rtandard MMetric IZWIT T hread:
WIT20xT . 7.5P2.5(3 S TARTS)» < hoh, ASMNME B1.21ML

i/




The two types of metric 60° screw threads in common
use are the M and the MJ forms. The MJ form is similar to
the standard metric (M) threads, except the sharp V at the
root diameter of the external thread has been replaced with
a large radius, which strengthens this stress point, providing
extra strength. Since the radius increases the minor diameter
of the external thread, the minor diameter of the internal
thread is enlarged to clear the radius. All other dimensions
are the same as the M threads. The MJ thread form 1s used
predominately in applications requiring high fatigue strength,
as found in the aerospace and automotive industries.
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METRIC DESIGNATION
\NOMlNAL DIAMETER
PITCH M12, ASME B1.13M X
THREAD CONTROLLING ORGANIZATION MIi2x1.75, ASME B1.13M

YTHHEAD STANDARD e
F 1 j/
PITCH V ! /
DIAMETER TOLERANCE POSITION / A I /

1 [ T TOLERANCE
& » SYMBOL

TOLERANCE GRADE | '. :
THROUGH HOLE .
5 T e I, MAJOR TOLERANCE . _ //
DIAMETER POSITION /V ,
sagar | Doiknance BLIND HOLE
{C) INTERNAL THREAD CALLOUT

GRADE
e 7
PITCH MAY BE OMITTED ASME B1.13M/ 50 x10 SQUARE, ASME B1.13M

Mi6x1.5, ASME B1.13M /

M16x1.5 — bgbg,
FOR COARSE THREADS

? o sl Sl
wwwwwww . = '_[

W
B

(A) BASIC THREAD CALLOUT (B) TOLERANCE CALLOUT (D) MISCELLANEOUS THREAD FORMS

l—t MMMMM l ' R — -

A L

Thread specifications for metric threads.
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Pipe Threads

The pipe universally used is the inch-sized pipe. When pipe
is ordered, the nominal diameter and wall thickness (in
inches or millimeters) are given. In calling for the size of
thread, the note used is similar to that for screw threads.
When calling for a pipe thread on a metric drawing, the
abbreviation IN follows the pipe size

The designation should cover—in sequence—the nominal
size in fractional inches (a decimal inch eguivalent may be
used only when the computer or other machine cannot han-
dle fractions), the number of threads per inch. the thread
series symbol (e.g.. NPT or INPS), and the thread class (if
applicable), and the thread controlling organization and stan-
dard (e.g., ASME B1.20.1).

NOMINAL SIZE
DASH OR HYPHEN
NUMBER OF THREADS PER INCH
THREAD SERIES SYMBOL
DASH OR HYPHEN
THREAD CLASS (IF APPLICABLE)
THREAD CONTROLLING ORGANIZATION
/ KTHHEAD STANDARD

2 1/2—8 NPT—1, ASME B 1.20.1

Pipe thread designation.
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4 IN-8 NPT, ASME B1.20.1 OR 4 IN-NPT, ASME B1.20.1
USED ON METRIC DRAWINGS

/— (NUMBER OF THREADS OMITT

IMPERFECT THREADS

EFFECTIVE
THREAD LENGTH

71

\

4-8 NPT, ASME B1.20.1 OR 4 NPT, ASME B1.20.1
USED ON U.S. CUSTOMARY (INCH) DRAWINGS

A
L : e
w|E wle sl MW
alr olF
i = % @ § IEVINE | T, [
2|5 2|2 ¥, L
a o a 7 e el o o] '\" .‘\“\.\\‘
' N AN
\ (B) CONVENTION USED FOR (C) CONVENTION USED TO
STRAIGHT OR TAPERED SHOW DIRECTION AND
TAPER | : 16 ON DIA THREADS TAPER OF THREAD

- NORMAL HAND ENGAGEMENT

(A) TERMINOLOGY Pipe thread terminology and conventions.
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British Representation:
0.75-10 UNC-2A x 2.50, LH, DOUBLE, HEXAGON CAP SCREW

0.63- 11 UNC- 2B HEXAGON NUT

SQUARE NUT
2"-11 NPS
NPT
WIDE
NARROW
HELICAL-SPRING LOCK WASHER-1/4" REGULAR-PHOSPHORUS
BRONZE

INTERNAL-TOOTH WASHER-1/4"-TYPE A- STEEL
EXTERNAL-TOOTH WASHR-0.562-TYPE B-STEEL

e

4/19/2010

7/8 Drill, 3 Deep, 1-8 UNC- 2B, 2 Deep
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ISO Representation:

M18x0.75-40, 5g 6g L-LH-DOUBLE HEX CAP SCR
M8x1.25 HEX NUT

Turkish Rep.:

K
0
Altik6se Basli Civata M18x0.75i-40 TS 1021/2, OK, 5D
Altikbse Somun M8x1.25i1 TS 1026/2 K 4D
R TS 61/20 or R 2" DIN 259
Rondela 15 TS 79/1, St37

$10.175, M10,4 60

/

4/19/2010
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| ALTIKOSE BASLI CIVATA | S5 S0ELCR
] _— — | oRean
} Somunsuz isleme : (k) Somunlu
! i e L f :
1 -— - =
i ) ©" B} : [ \
T ; '[ t :
‘ . 32%&" b AA m
h_L i )
Anma capt M 12 ve uzunlugu L=100 mm olan Anma c¢apt M12 ve uzuniugu (=100 mm olan
altikdse bash somunsuz civatanin gésteriligi : altikése besh scmuniu civotonin goésterilisi
| Altikbse bash civata M12—-100 TS 1027/2 Alttkdse bashi civata M12—100 So TS 102172
d o M5 M6 M8 M10 ™M12 M16 M20 M24 (M27) M30 (M33) M36 (M39) M42
1) 16 18 22 26 30 38 . 46 54 60 66 72 78 . 84 S0
Bh2)-, - L — - 28 32 36 44 52 60 66 72 78 84 °0 96
3) — — —_ = — 57 65 73 79 85 91 97 103 108
d, max 6 72 102 122 152 :19,2 24,4 284 32,4 354 38.4 42,4 45,4 48,6
k min 8,63 10,39 14,20 18,72 20,88 26,177 32,95 39,55 4520 50,85 5537 6079 66,44 72,09
h 35 4 55 -7 8 . 10 13 15 17 19 21 23 25 26
m 4 5 6,5 8 10 - 13 16 19 = 22 24 26 29 31 34
AA 8 10 13 17 19 24 30 36 47 . 46 50 55 60 85
o 16 16 16 16 20 30 30 40 - 80 80 100 100 120 !
50 80 100 200 400 520 520 =20 520 520 520 520 520 520 i

S{‘MCIM theead  kagths , b ; Lr bl amd Fer sted/s may be
colealabd —ar  fllow;

If £< 125 (mm) —> b= 2d +6 [~™)

If #5< / K200 (m~) — b= 2d + 12 [rrrm)

o >200 [mm) — b=2d #25 2D
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- d= > =M16
| = > =40
k= » =0,7.d

AA = > =0,866.e
, b= > =25
u = » =0,1.d
d3 = » =0,8d
= hi = » =0,1.d
e= > =2d
! R1 = > .=3/4.e
R2 = >
R3 = > =a/2
Z
- =i
—_
2 .
\r
|
|
éﬂ/<
N
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4/19/

e — ]

L AA -
d1 = » = M16
m = » =(,8.d1

= » =(,866.e
D1 = » ={,8.d1
HY = » =0, 1.d1
e = > =2.d1
R1= » =3/4.e
R3 = » =ef2
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Self-Locking and Back-Driving of Power Screws

Self-locking refers to a condition in which the screw cannot be turned by the applica-
tion of any magnitude of force applied axially (not as a torque) to the nut. In other
words, a self-locking screw will hold the load in place without any application of torque.
It does not need a brake to hold the load. This is a very useful situation. For example,
if you jacked up your car with a screw Jack that was not self-locking, as soon as you
let go of the jack handle the car would run the jack back down. You would have to be
pretty fast with the lug wrench to change a tire in that case.

The opposite situation to self-locking is a screw that can be back driven, which
means that pushing axially on the nut will cause the screw to turn. While of no value
for a jack application, this is a useful feature in other situations. One example is a so-
called Yankee screwdriver, which has a high-lead thread on its barrel that is attached to
the blade. The handle is the nut. As you push down axially on the handle, the barrel
turns, driving the wood screw into place. Any application in which you want to con-
vert linear motion to rotary motion is a candidate for a back-drivable lead screw.

The condition of self-locking for a power or lead screw is easily predicted if the
coefficient of friction in the screw-nut joint is known. The relationship between the
friction coefficient and the screw’s lead angle determines its self-locking condition. A
screw will self-lock if

L
W=——cosa, or K 2 tan A cos o

T

If it is a square thread cosot = 1, and this reduces to

HEL, or U =tanA

nd,
Note that these relationships presume a static-loading situation. The presence of any

vibration from dynamic loading or other sources can cause an otherwise sae:l’f—]occ:qngt 68
4/19/2010 screw to back down. Any vibrations that cause relative motion between screw and nu

will inevitably cause slippage down the thread’s incline.




Washers

Washers are one of the most common forms of hardware and
perform many varied functions in mechanically fastened
assemblies. They may be needed just to span an oversize
clearance hole, to give better bearing for nuts or screw faces,
or to distribute loads over a greater area. Often, they serve
as locking devices for threaded fasteners. They are also used
to maintain a spring-resistance pressure, to guard surfaces
against marring, and to provide a seal.

[ m—— ]
(A) FLAT (B) CONICAL (C) RAMP CONICAL

Flat and conical washers.

Lock washers prevent a fastener from loosening due to

4/19/2 . .
/19/2010 vibration or stress.
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Classification of Washers

Washers are commonly the elements that are added to screw
systems to keep them tight, but not all washers are locking
rvpes. Many washers serve other functions, such as surface
protection, insulation, sealing., electrical connection, and
spring-tension take-up devices.

Flat Washers Plain, or flat, washers are used primarily to
provide a bearing surface for a nut or a screw head. to cover
large clearance holes, and to distribute fastener loads over a

large area——particularly on soft materials such as aluminum
or wood

Conical Washers These washers are used with screws to
effectively add spring take-up to the screw elongation.

Helical Spring Washers These washers are made of slightly
trapezoidal wire formed into a helix of one coil so that the

free height is approximately twice the thickness of the washer
section

{A) PLAIN (B) NONLINK POSITIVE
4/19/2010 70

Helical spring washers.



TJooth Lock Washers Made of hardened carbon steel, a
tooth lock washer has teeth that are twisted or bent out of
the plane of the washer face so that sharp cutting edges are

presented to both the workpiece and the bearing face of the
screw head or nut

e

4/19 DOME DISHED 71

Tooth lock washers.



Spring Washers There are no standard designs for spring
washers They are made in a great

variety of sizes and shapes and are usually selected from a
manufacturer’s catalog for some specific purpose.

Special-Purpose Washers Molded or stamped nonmetallic
washers are available in many materials and may be used as

seals, as electrical insulators, or for protection of the surface
of assembled parts.

4/19/2010 72

Typical spring washers.



BRONZE SLEEVE LEAD WASHER LIQUID PLASTIC MOLDED MASTIC SEALING
COATING RUBBER RING COMPOUND

PREASSEMBLED PREASSEMBLED METAL PREASSEMBLED O-RING WITH
NEOPRENE WASHER WASHER AND O-RING AND NEOPRENE WASHER NYLON WASHER TEFLON WASHER

(A) SEALING SCREWS

NYLON COPPER NYLON NYLON FLOWED-IN MOLDED RUBBER GASKET
PELLET INSERT COLLAR BODY SEALANT OR O-RING

(C) SEALING NUTS

MOLDED NYLON- MOLDED RUBBER LAMINATED NEOPRENE NYLON O-RING FLOWED-IN
SEAL RING TOROID TO METAL SLEEVE SEALANT

(D) SEALING WASHERS

B e — 1 O —— 1\ T oD e mm——" T Y A AT -
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1+ 4 =]

= LaT SPRING
WWAS HE R LOCKWASHER LOCKW.ASHE R

S562 .59 1.156 MO9S ST AL | 121
AS2S 556G 1L.312 O S M5 3G 1.079 156
LSS0 812 1.4 134 LTSS 1.271 188
BTS 938 1. 7S50 134 LBO I .45 219
1 WO L2 2 OOy 134 1017 1.661 250
L. 125 1.250 2. 250 134 1. 1<% 1.853 281
I .250 1.3TS 2 S0 Aes 1.271 2,045 SL2
1L.375 1. S0 2. TS0 -1LasS 1.398 2 230 e
1 SO0y 1.625 OOy LSS 1.525 2 430 _ITS
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10

12

T4

16

18

20

22

24
27

30

=T

.

5.

T0.5

13

15

17

19

21

23

25
28

31

11

12

[

21

2%

o &85

5 8% ¢

2.5

2.5

Z.5

W

O

8.2

102

12.3

T4 .2

16.2

182

202

T1.%

121

T2

17.2

20.2

23.2

26.2

28.2

322

34.5

38.5
47 .5

4.5

2.2

2.5

b

& i &

= 2

5.2

T

8.2

102

122

142

16 .3

8.3

22.4

12.5

14

16

20

25

28

31.5

35.5

45
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American National Standard Metric Plain Washers
(ANSI Bi18.22M—1981, Ri1ggo)

B i
——— A
MNominal s i e e ¥ = n
Washer Washer Inside Diameter. A QOutside Diameter. & Thickness.,
Size" Series Maax Min M x Min Max Min
1.6 MNarrow 2.00 1.95 4.00 3.70 0. 70 0.50
Regular .09 1.95 5.00 4.70 .70 0.50
Wide 2.09 1.95 6.00 5.70 0.90 .60
2 MNarrow z2.64 2.50 5.00 4.70 0.90 0.60
Regular 2.64 2.50 6.00 5.70 0.90 0.60
Wide 2.64 2.50 8.00 - OG0 0.60
2.5 Narrow 3.14 3.00 6.00 5.70 0.0 o.60
Regular 3.14 3.00 B.oo 7.64 0.0 0.60
Wide 3.14 3.00 10.00 9.64 1.20 o.Bo
3 Narrow 3.68 3.50 700 6.64 .90 0.60
Regular 3.68 3.50 10.00 Q.64 1.20 0.80
Wide 3.68 3.50 12.00 11.57 I.40 1.00
3.5 Narrow 4.18 4.00 Q.00 8.64 1.20 o0.80
Regular 4.18 4.00 10.00 9.64 1.40 1.00
Wide 4.18 4.00 15.00 14.57 1.75 1.20
4 Narrow 4.88 4.70 10.00 9.64 1.20 o.80
Regular 4.88 4.70 I2.00 1I.57 I.40 I.00
Wide 4.88 4.70 16.00 15.57 2.30 1.60
s Narrow 5.78 5.50 IT1.00 10.57 1.40 1.00
Regular 5.78 5.50 15.00 14.57 1.75 I.20
Wide 5.78 5.50 20.00 19.48 2.30 I.60
6 Narrow 6.87 6.65 I13.00 12.57 1.75 I.20
Regular 6.87 6.65 18.80 18.37 I1.75 I.20
Wide 6.87 665 25.40 24.88 2.30 1.60
8 Narrow 9.12 8.90 18.80%F I8.37% 2.30 I.60
Regular Q.12 8.90 25.407T 24.487% 2.30 1.60
Wide 9.12 B.90 32.00 31.38 2.80 2.00
10 Narrow I1.12 10.85 20.00 19.48 2.30 1.60
Regular 11.12 1o.85 28 .00 27.48 2.80 2.00
Wide IX.I2 10.85 39.00 38.38 3.50 2.50
iz Narrow 13.57 13.30 25.40 24.88 2.80 z.00
Regular E3.57 13.30 34.00 33.38 3.50 Z.50
Wide I13.57 13.30 44.00 43.38 3.50 2.50
14 Narrow 15.52 15.25 28.00 27.48 2.80 2.00
Regular 15.52 15.25 39.00 38.38 3.50 2.50
Wide 15.52 15.25 50.00 49.38 4.00 3.00
16 Narrow 17.52 17.25 32.00 31.38 3.50 2.50
Regular 1I7.52 17.25 44 .00 43.38 4.00 3.00
Wide I7.52 I7.25 56.00 54.80 4.60 3.50
20 Narrow 22_32 21.80 3900 38.38 4.00 3.00
Regular 22.32 21.80 50.00 49.38 4.60 3.50
Wide 22.32 21.80 6600 64.80 5.10 4.00
24 Narrow 26.12 25.60 E G 43.38 4.60 3.50
Regular 26.12 25.60 56.00 54.80 5.10 4.00
Wide 26.12 25.60 TZ.00 J0.80 5.60 4.50
30 Narrow 33.02 32.40 56.00 54.80 5.10 4.00
Regular 33.02 32.40 F2Z.00 Jo.80 5.60 4.50
Wide 33.02 32.40 QOO0 BB.60 6.40 5.00
36 Narrow 38.92 38.30 66 .00 64.80 5.60 4.50
Regular 38.92 38.30 QOO0 BB.60 6.40 5.00
Wide 38.92 38.30 ITO.00 108.60 8.50 7 .00
4/1 9/201 0 All dimensions are in millimeters.
* Nominal washer sizes are intended for use with comparable screw and bolt sizes.

¥ The 18 Bo/18.37 and 25.40/24.48 mm outside diameters avoid washers which could be used in
coin-operated dewvices.

SOURCE: Reprinted courtesy of The American Society of Mechanical Engineers.



American National dtandard 1ype A Plain washers —
Preferred Sizes** (ANSI B18.22.1-1965, R1990)

American National Standard Type A Plain Washers —
Additional Selected Sizes (ANSI B18.22.1-1965, R1990)

Inside Diameter Outside Diameter Thickness
Tolerance Tolerance
Basic Plus Minus Basic Plus Minus Basic Max. Min.

0.094 0.000 0,005 0.219 0.000 0.005 0.020 0.025 0.016
0.125 0.000 0.005 0.250 0.000 0.005 0.022 0,028 0.017
0.156 0.008 0.005 0.312 0.008 0.00§ 0.035 0.048 0.027
0.172 0.008 0.005 0.406 0.015§ 0.00§ 0.049 0.065 0.036
0.188 0.008 0.005§ 0.375 0.015 0.005 0.049 0.065 0.036

0.203 0.008 0.005 0.469 0.015 0.005 0.049 0.065 0.036
0.219 0.008 0.005 0.438 0.015 0.005 0.049 0.065 0.036
0.234 0.008 0.005 0.531 0.015 0.005 0.049 0.065 0.036
0.250 0.01§ 0.005 0.500 0.015 0.005 0.049 0.065 0.036
0.266 0.015 0.005 0.625 0.015 0.005 0.049 0.065 0.036

0.312 0.015 0.00§ 0.875 0.015 0.007 0.065 0.080 0.051
0.375 0.01§ 0 005 0.734* | o0.015 0.007 0.065 0.080 0.051
0.375 0.015 0.005 1.125 0.015 0.007 0.065 0.080 0.051
0.438 0.015 0.005 0.875 0.030 0.007 0.083 0.104 0.064
0.438 0,015 0.005 1.375 0.030 0.007 0.083 0.104 0.064

0.500 0.015 0.005 1.125 0.030 0.007 0.083 0.104 0.064

0.500 0.015§ 0,005 1.625 0.030 0.007 0.083 0.104 0.064
0.562 0.015 0.00§ 1.250 0.030 0.007 0.109 0.132 0.086
0.562 0.015 0.005 1.875 0.030 0.007 0.109 0.132 0.086
0.625 0.015 0.005 1.375 0.030 0.007 0.109 0.132 0.086

0.625 0.015 0.005 2.125 0.030 0.007 0.134 0.160 0.108
0.688 0.030 0.007 1.469% 0.030 0.007 0.134 0.160 0.108
0.688 0.030 0.007 2.375 0.030 0.007 0.165 0.192 0.136
0.812 0.030 0.007 1.750 0.030 0.007 0.148 0.177 0.122
0.812 0.030 0.007 2.875 0.030 0.007 0.165 0.192 0.136

0.938 0.030 0.007 2.000 0.030 0.007 0.165 0.192 0.136
0.938 0.030 0.007 3.375 0.045 0.010 0.180 0.213 0.153
1.062 0.030 0.007 2.250 0.030 0.007 0.165 0.192 0.136
1.062 0.045 0.010 3.875 0.045 0.010 0.238 0.280 0.210
1.250 0.030 0.007 2.500 0.030 0.007 0.165 0.192 0.136
1.375 0.030 0.007 2.750 0.030 0.007 0.165 0.192 0.136

1.500 0.045 0.010 3.000 0.045 0.010 0.180 0.213 0.153

1.625 0.045 0.010 3.250 0.045 0.010 o.180 0.213 0.153
1.688 0.045 0.010 3.500 0.045 0.010 0.180 0.213 0.153
1.812 0.045 0.010 3.750 0.045 0.010 0.180 0.213 0.153
1.938 0.045 0.010 4.000 0.045 0.010 0.180 0.213 0.153

2.062 0.045 0.010 4-250 0.045 0.010 0.180 0.213 0.153

All dimensions are in inches.

* The 0.734-inch and 1.469-inch outside diameters avoid washers which could be used in
coin operated devices.

The above sizes are to be ordered by ID, OD, and thickness dimensions.

Preferred Sizes of Type A Plain Washers are shown in Table 1A.

Inside Diameter Outside Diameter Thickness
Nomizal Tolerance Tolerance
Washer
Size*** Series | Basic | Plus | Minus | Basic | Plus | Minus | Basic | Max. | Min.
— —_ 0.078 | 0.000 | 0.005 | 0.188 | 0.000 | 0.005 | 0.020 | 0.025 | 0.016
— — 0.094 | 0.000 | 0.005 | 0.250 | 0.000 | 0.00§ | 0.020 | 0.025 | 0.016
— — 0.125 | 0.008 | 0.005 | 0.312 | 0.008 | 0.005 | 0.032 | 0.040 | 0.025
No.6 | 0.138 0.156 | 0.008 | 0.005 | 0.375 | 0.015 | 0.005 | 0.049 | 0.065 | 0.036
No.8 | 0.164 0.188 | 0.008 | 0.005 | 0.438 | 0.015 | 0.005 | 0.049 | 0.065 | 0.036
No. 10| 0.190 0.219 | 0.008 | 0.005 | 0.500 | 0.0I5 | 0.005 | 0.049 | 0.065 | 0.036
Y6 | 0.188 0.250 | 0.015 | 0.005 | 0.562 | 0.015 | 0.005 | 0.049 | 0.065 | 0.036
No. 12 | 0.216 0.250 | 0.015 | 0.005 | 0.562 | 0.015 | 0.005 | 0.065 | 0.080 | 0.051
Yy 0.250 N 0.281 | 0.015 | 0.005 | 0.625 | 0.015 | 0.005 | 0.065 | 0.080 | 0.051
Yy 0.250 | W | 0.312 | 0.015 | 0.005 | 0.734*| 0.015 | 0.007 | 0.065 | 0.080 | 0.0§1
%6 | 0.312 N 0.344 | 0.015 | 0.005 | 0.688 | 0.015 | 0.007 | 0.065 | 0.080 | 0.051
%6 | 0.312 w 0.375 | 0.015 | 0.005 | 0.875 | 0.030 | 0.007 | 0.083 | 0.104 | 0.064
¥ 0.375 N 0.406 | 0,015 | 0.005 | 0.812 | 0.015 | 0.007 | 0.065 | 0.080 | 0.051
) 0.375 w 0.438 | 0.015 | 0.005 | 1.000 | 0.030 | 0.007 | 0.083 | 0.104 | 0.064
M6 | 0.438 N 0.469 | 0.015 | 0.005 | 0.922 | 0.015 | 0.007 | 0.065 | 0.080 | 0.051
e | 0.438 W 0.500 | 0.015 | 0.005 | 1.250 | 0.030 | 0.007 | 0.083 | 0.104 | 0.064
%) 0500 [ N 0.531 | 0.015 | 0.005 | 1.062 | 0.030 | 0.007 | 0.095 | 0.121 | 0.074
ln 0.500 | W | o0.562 [ 0.015( 0.005 | 1.375 | 0.030 | 0.007 | 0.109 | 0.132 | 0.086
%6 |0.562 | N | 0.594 | 0.015| 0,005 | 1.156%( 0.030 | 0.007 | 0.095 | 0.121 | 0.074
%6 | 0.562 w 0.625 | 0,015 | 0.005 | 1.469%| 0.030 | 0.007 | 0.109 | 0.132 | 0.086
% 0.625 N 0.656 | 0.030 | 0.007 | 1.312 | 0.030 | 0.007 | 0.095 | 0.121 | 0.074
% 0.625 w 0.688 | 0.030 | 0.007 | 1.750 | 0.030 | 0.007 | 0.134 | 0.160 | 0.108
Ya 0.750 N 0.812 | 0.030 | 0.007 | 1.469 | 0.030 | 0.007 | 0.134 | 0.160 | 0.108
Ya 0.750 | W | 0812 | 0.030 | 0.007 | 2.000 | 0.030 | 0.007 | 0,148 | 0.177 | 0.122
T 0.875 N 0.938 | 0.030 | 0.007 | 1.750 | 0.030 | 0.007 | 0.134 | 0.160 | 0.108
® 0.875 W | 0.938 | 0.030 | 0.007 | 2.250 | 0.030 | 0.007 | 0.165 | 0.192 | 0.136
| 1.000 N 1.062 | 0.030 | 0.007 | 2.000 | 0.030 | 0.007 | 0.134 | 0.160 | 0.108
1 1.000 w 1.062 | 0.030 | 0.007 | 2.500 | 0.030 | 0.007 | 0.165 | 0.192 | 0.136
1% 1.125 N 1.250 | 0.030 | 0.007 | 2.250 | 0.030 | 0.007 | 0.134 | 0.160 | 0.108
1% rizs| W 1.250 | 0,030 | 0.007 | 2.750 | 0.030 | 0.007 | 0.165 | 0.192 | 0.136
1% 1250 | N 1.375 | 0.030 | 0.007 | 2.500 | 0.030 | 0.007 | 0.165 | 0.192 | 0.136
1% 1.250 w 1.375 | 0.030 | 0.007 | 3.000 | 0.030 | 0.007 | 0.165 | 0.192 | 0.136
1% 1.375 N 1.500 | 0.030 | 0.007 | 2.750 | 0.030 | 0.007 | 0.165 | 0.192 | 0.136
1% 35| W 1.500 | 0.045 | 0.010 | 3.250 | 0.045 | 0.010 | 0.180 | 0.213 | 0.153
14 1.500 N 1.625 | 0,030 | 0.007 | 3.000 | 0.030 | 0.007 | 0.165 | 0.192 | 0.136
1% 1.500 [ W 1.625 | 0,045 | 0.010 | 3.500 | 0.045 | 0.010 | 0.180 | 0.213 | 0.153
1% 1.625 1.750 | 0.045 | 0.010 | 3.750 | 0.045 | 0.010 | 0.180 | 0.213 | 0.153
1% 1.750 1.875 | 0.045 | 0.010 | 4.000 | 0.045 | 0.010 | 0.180 | 0.213 | 0.153
1 1.875 2.000 | 0.045 | 0.010 | 4.250 | 0.045 | 0.010 | 0.180 | 0.213 | 0.153
2 2,000 2.12§ | 0.045 | 0.010 | 4.500 | 0.045 | 0.010 | 0.180 | 0.213 | 0.153
k171 2,250 2.375 | 0.045 | 0.010 | 4.750 | 0.045 | 0.010 | 0.220 | 0.248 | 0.193
1) 2,500 2.625 | 0.045 | 0.010 | 5.000 | 0,045 | 0.010 | 0.238 | 0.280 | 0.210
2% 2.750 2.875 | 0.065 | 0.010 | 5.250 | 0.065 | 0.010 | 0.259 | 0.310 | 0.228
3 3.000 3.125 | 0.065 | 0.010 | 5.500 | 0.065 | 0.010 | 0.284 | 0.327 | 0.249

All dimensions are in inches.

* The 0.734-inch, 1.156-inch, and 1.469-inch outside diameters avoid washers which could
be used in coin operated devices.

** Preferred sizes are for the most part from series previously designated **Standard Plate”
and ‘“SAE." Where common sizes existed in the two series, the SAE size is designated ‘N
(narrow) and the Standard Plate “*W'" (wide). These sizes as well as all other sizes of Type A
Plain Washers are to be ordered by ID, OD, and thickness dimensions.

_ *** Nominal washer sizes are intended for use with comparable nominal screw or bolt
S1ZES.
Additional selected sizes of Type A Plain Washers are shown in Table 1B.

SOURCE: Reprinted courtesy of The American Society of Mechanical Engineers

SOURCE: Reprinted courtesy of The American Society of Mechanical Engineers.




American National Standard Type B Plain Washers

(ANSI B18.22.1-1965, R1990)

Inside Diameter Outside Diameter Thickness
e Tolerance Tolerance
Washer i .
Size** Seriest | Basic | Plus | Minus | Basic | Plus | Minus | Basic | Max. | Min
N 0.068 | 0.000 | 0.005 | 0.125 | 0.000 | 0.005 | 0.025 | 0.028 | 0.022
No.o | 0.060 R 0.068 | 0.000 | 0.005 | 0.188 | 0.000 | 0.005 | 0.025 | 0.028 | 0.022
w 0.068 | 0.000 | 0.005 | 0.250 | 0.000 | 0.005 | 0.025 | 0.028 | 0.022
N 0.084 | 0.000 | 0.005 | 0.156 | 0.000 | 0.005 | 0.025 | 0.028 | 0.022
No.1 | 0.073 R 0.084 | 0.000 | 0.005 | 0.219 | 0.000 | 0.005 | 0.025 | 0.028 | 0.022
w 0.084 | 0.000 | 0.005 | 0.281 | 0.000 | 0.005 | 0.032 | 0.036 | 0.028
N 0.094 | 0.000 | 0.005 | 0.188 | 0.000 | 0.005 | 0.025 | 0.028 | 0.022
No. 2 | 0.086 R 0.094 | 0.000 | 0.005 | 0.250 [ 0.000 | 0.005 | 0.032 | 0.036 | 0.028
W 0.094 | 0.000 | 0.005 | 0.344 | 0.000 | 0.005 | 0.032 | 0.036 | 0.028
N 0.109 | 0.000 | 0.005 | 0.219 | 0.000 | 0.005 | 0.025 | 0.028 | 0.022
No. 3 | 0.099 R 0.109 | 0.000 | 0.005 | 0.312 | 0.000 | 0.005 | 0.032 | 0.036 | 0.028
W 0.109 | 0.008 [ 0.005 | 0.406 | 0.008 | 0.005 | 0.040 | 0.045 | 0.036
N 0.125 | 0.000 | 0.005 | 0.250 | 0.000 | 0.005 | 0.032 | 0.036 | 0.028
No.4 |o.112 R 0.125 | 0.008 | 0.005 | 0.375 | 0.008 | 0.005 | 0.040 | 0.045 | 0.036
W 0.125 | 0.008 | 0.005 | 0.438 | 0.008 | 0.005 | 0.040 | 0.045 | 0.036
N 0.141 | 0.000 | 0.005 | 0.281 | 0.000 | 0.005 | 0.032 | 0.036 | 0.028
No.5 | o.125 R 0.141 | 0.008 | 0.005 | 0.406 | 0.008 | 0.005 | 0.040 | 0.045 | 0.036
w 0.141 | 0.008 | 0.005 | 0.500 | 0.008 | 0.005 | 0.040 | 0.045 0.036
N 0.156 | 0.000 | 0.005 | 0.312 | 0.000 | 0.005 | 0.032 | 0.036 | 0.028
No.6 | 0.138 R 0.156 | 0.008 [ 0.005 | 0.438 | 0.008 | 0.005 | 0.040 | 0.045 | 0.036
w 0.156 | 0.008 [ 0.005 | 0.562 | 0.008 | 0.005 | 0.040 | 0.045 | 0.036
N 0.188 | 0.008 [ 0.005 | 0.375 | 0.008 | 0.005 | 0.040 | 0.045 | 0.036
No.8 | 0.164 R 0.188 | 0.008 | 0.005 | 0.500 | 0.008 | 0.005 | 0.040 | 0.045 | 0.036
w 0.188 | 0.008 | 0.005 | 0.625 | 0.015 | 0.005 | 0.063 | 0.071 | 0.056
N 0.203 | 0.008 | 0.005 | 0.406 | 0.008 | 0.005 | 0.040 | 0.045 | 0.036
No. 10| 0.190 R 0.203 | 0.008 | 0.005 | 0.562 | 0.008 | 0.005 | 0.040 | 0.045 | 0.036
w 0.203 | 0.008 | 0.005 | 0.734*| 0.015 | 0.007 | 0.063 | 0.071 | 0.056
N 0.234 | 0.008 | 0.005 | 0.438 | 0.008 | 0.005 | 0.040 | 0.045 | 0.036
No. 12 | 0.216 R 0.234 | 0.008 | 0.005 | 0.625 | 0.015 | 0.005 | 0.063 | 0.071 | 0.056
w 0.234 | 0.008 | 0.005 | 0.875 | 0.015 | 0.007 | 0.063 | 0.071 | 0.056
N 0.281 | 0.015 | 0.005 | 0.500 | 0.015 | 0.005 | 0.063 | 0.071 | 0.056
Vi 0.250 R 0.281 [ 0.015 | 0.005 | 0.734*| 0.015 | 0.007 | 0.063 | 0.071 | 0.056
w 0.281 | 0.015 | 0.005 | 1.000 | 0.015 | 0.007 0.063 | 0.071 | 0.056
N 0.344 | 0.015 | 0.005 | 0.625 | 0.015 | 0.005 | 0.063 | 0.071 | 0.056
e | 0.312 R 0.344 | 0.015 | 0.005 | 0.875 [ 0.015 | 0.007 | 0.063 | 0.071 | 0.056
w 0.344 | 0.015 | 0.005 | 1.125 | 0.015 | 0.007 | 0.063 | 0.071 | 0.056
N 0.406 | 0.015 | 0.005 | 0.734*| 0.015 | 0.007 | 0.063 | 0.071 | 0.056
4 0.375 R 0.406 | 0.015 | 0.005 | 1.000 | 0.015 | 0.007 | 0.063 | 0.071 | 0.056
w 0.406 | 0.015 | 0.005 | 1.250 | 0.030 | 0.007 | 0.100 | 0.112 | 0.090
N 0.469 | 0.015 | 0.005 | 0.875 [ 0.015 | 0.007 | 0.063 | 0.071 | 0.056
e | 0.438 R 0.469 | 0.015 | 0.005 | 1.125 | 0.015 | 0.007 | 0.063 | 0.071 | 0.056
w 0.469 | 0.015 | 0.005 | 1.469*| 0.030 | 0.007 | 0.100 | 0.112 | 0.090

All dimensions are in inches.

* The 0.734-inch and 1.469-inch outside diameters avoid washers which could be used in coin

operated devices.
** Nominal washer sizes are intended for use with comparable nominal screw or bolt sizes.
t N indicates Narrow; R, Regular; and W, Wide Series.
Inside and outside diameters shall be concentric within at least the inside diameter tolerance.

Washers shall be flat within 0.005 inch for basic outside diameters up to and including 0.875 inch
and within 0.010 inch for larger outside diameters.

SOURCE: Reprinted courtesy of The American Society of Mechanical Engineers.

Inside Diameter Outside Diameter Thickness
Nominal Tol Tol
Washer olerance olerance
Size** Seriest| Basic | Plus | Minus | Basic | Plus | Minus | Basic | Max. | Min.
N 0.531 | 0.015 | 0.005 | 1.000 | 0.015 | 0.007 | 0.063 | 0.071 | 0.056
Y | 0.500 R 0.531 | 0.015 | 0.005 | 1.250 | 0.030 [ 0.007 | 0.100 | 0.112 | 0.090
w 0.531 | 0.015 [ 0.005 | 1.750 | 0.030 | 0.007 | 0.100 | 0.112 | 0.090
N 0.594 | 0.015 | 0.005 | 1.125 | 0.015 | 0.007 | 0.063 | 0.071 | 0.056
%6 | 0.562 R 0.594 | 0.015 | 0.005 | 1.469%) 0.030 | 0.007 | 0.100 | 0.112 | 0.000
w 0.594 | 0.015 | 0.005 | 2.000 | 0.030 | 0.007 | 0.100 | 0.112 | 0.090
N 0.656 | 0.030 | 0.007 | 1.250 | 0.030 | 0.007 | 0.100 | 0.112 | 0.000
% | 0.625 R 0.656 | 0.030 | 0.007 | 1.750 | 0.030 | 0.007 | 0.100 | 0.112 | 0.090
w 0.656 | 0.030 [ 0.007 | 2.250 | 0.030 | 0.007 | 0.160 | 0.174 | 0.146
N 0.812 | 0.030 | 0.007 | 1.375 | 0.030 | 0.007 | 0.100 | 0.112 | 0.090
¥ | 0.750 R 0.812 | 0.030 | 0.007 | 2.000 | 0.030 | 0.007 | 0.100 | 0.112 | 0.000
w 0.812 | 0.030 | 0.007 | 2.500 [ 0.030 | 0.007 | 0.160 | 0.174 | 0.146
N 0.938 [ 0.030 | 0.007 | 1.469*| 0.030 | 0.007 | 0.100 | 0.112 0.090
% lo875| R 0.938 | 0.030 [ 0.007 | 2.250 | 0.030 | 0.007 | 0.160 | 0.174 | 0.146
w 0.938 | 0.030 | 0.007 | 2.750 | 0.030 | 0.007 | 0.160 | 0.174 0.146
N 1.062 | 0.030 | 0.007 | 1.750 | 0.030 | 0.007 | 0.100 | 0.112 | 0.090
1 1.000 R 1.062 [ 0.030 | 0.007 | 2.500 | 0.030 | 0.007 | 0.160 | 0.174 | 0.146
w 1.062 | 0.030 | 0.007 | 3.000 | 0.030 | 0.007 | 0.160 | 0.174 | 0.146
N 1.188 | 0.030 | 0.007 | 2.000 | 0.030 | 0.007 | 0.100 | 0.112 | 0.000
1% 1.125 R 1.188 | 0.030 | 0.007 | 2.750 | 0.030 | 0.007 | 0.160 | 0.174 | 0.146
w 1.188 | 0.030 | 0.007 | 3.250 | 0.030 | 0.007 | 0.160 | 0.174 | 0.146
N 1.312 | 0.030 | 0.007 | 2.250 | 0.030 [ 0.007 | 0.160 | 0.174 | 0.146
Y4 1.250 R 1.312 | 0.030 | 0.007 | 3.000 | 0.030 | 0.007 | 0.160 | 0.174 | 0.146
w 1.312 | 0.045 | 0.010 | 3.500 | 0.045 | 0.010 | 0.250 | 0.266 | 0.234
N 1.438 | 0.030 | 0.007 | 2.500 | 0.030 | 0.007 | 0.160 | 0.174 0.146
1% 1.375 R 1.438 | 0.030 | 0.007 | 3.250 | 0.030 | 0.007 | 0.160 | 0.174 | 0.146
w 1.438 | 0.045 | 0.010 | 3.750 | 0.045 | 0.010 | 0.250 | 0.266 | 0.234
N 1.562 | 0.030 | 0.007 | 2.750 [ 0.030 | 0.007 | 0.160 | 0.174 | 0.146
1% 1.500 R 1.562 | 0.045 | 0.010 | 3.500 [ 0.045 | 0.010 | 0.250 | 0.266 | 0.234
w 1.562 | 0.045 | 0.010 | 4.000 | 0.045 | 0.010 | 0.250 | 0.266 0.234
N 1.750 | 0.030 | 0.007 | 3.000 | 0.030 [ 0.007 | 0.160 | 0.174 | 0.146
1% 1.625 R 1.750 | 0.045 | 0.010 | 3.750 | 0.045 | 0.010 | 0.250 | 0.266 | 0.234
w 1.750 | 0.045 | 0.010 | 4.250 | 0.045 [ 0.010 | 0.250 | 0.266 | 0.234
N 1.875 | 0.030 | 0.007 | 3.250 | 0.030 | 0.007 | 0.160 | 0.174 0.146
14 1.750 R 1.875 | 0.045 | 0.010 | 4.000 | 0.045 | 0.010 | 0.250 | 0.266 0.234
w 1.875 | 0.045 | 0.010 | 4.500 | 0.045 | 0.010 0.250 | 0.266 | 0.234
N 2.000 | 0.045 | 0.010 | 3.500 | 0.045 | 0.010 | 0.250 | 0.266 | 0.234
14 1.875 R 2.000 | 0.045 | 0.010 | 4.250 | 0.045 | 0.010 | 0.250 | 0.266 | 0.234
w 2.000 | 0.045 | 0.010 | 4.750 | 0.045 | 0.010 | 0.250 | 0.266 | 0.234
N 2.125 | 0.045 | 0.010 [ 3.750 | 0.045 | 0.010 | 0.250 | 0.266 | 0.234
2 2.000 R 2.125 [ 0.045 | 0.010 | 4.500 | 0.045 | 0.010 | 0.250 | 0.266 | 0.234
w 2.125 | 0.045 | 0.010 [ 5.000 | 0.045 | 0.010 | 0.250 | 0.266 | 0.234

All dimensions are in inches.
* The 1.469-inch outside diameter avoids washers which could be used in coin operated devices.
** Nominal washer sizes are intended for use with comparable nominal screw or bolt sizes.

T N indicates Narrow; R, Regular; and W, Wide Series.

Inside and outside diameters shall be concentric within at least the inside diameter tolerance.
Washers shall be flat within 0.005-inch for basic outside diameters up through 0.875-inch and
within 0.010 inch for larger outside diameters.

For 2%4-, 2¥4-, 2%-, and 3-inch sizes see ANSI B18.22.1-1965 (R1990).



American National Standard Helical Spring Lock Washers (ANSI-ASME B18.21.1-1990)

| ']
l-.-w-.l Enlarged Section
; Inside Regular Heavy Extra Duty
Nominal Di ter A
Washer sl 0.D.,B Section Section 0.D.,B Section Section O0.D.,B Section Section
Size Max. | Min. Max. Width, W | Thickness, T§ Max. Width, W | Thickness, T§ Max. Width, W | Thickness, T§
No. 2 0.086 | 0.094 | 0.088 0.172 0.035 0.020 0.182 0.040 0.025 0.208 0.053 0.027
No. 3 0.099 |0.107|0.101 0.195 0.040 0.025 0.209 0.047 0,031 0.239 0.062 0.034
No. 4 0.112 |0.120 | 0.114 0.209 0.040 0.025 0.223 0.047 0.031 0.253 0.062 0.034
No. 5 o0.125 |0.133|0.127 0.236 0.047 0.031 0.252 0.055 0.040 0.300 0.079 0.045
No. 6 0.138 | 0.148 | 0.141 0.250 0.047 0.031 0.266 0.055 0.040 0.314 0.079 0.045
No. 8 0.164 |0.174 | 0.167 0.293 0.055 0.040 0.307 0.062 0.047 0.375 0.096 0.057
No. 10 0.190 | 0.200 | 0.193 0.334 0.062 0.047 0.350 0.070 0.056 0.434 0.112 0.068
No. 12 0.216 | 0.227 | 0.220 0.377 0.070 0.056 0.391 0.077 0.063 0.497 0.130 0.080
Ly 0.250 | 0.260 | 0.252 0.487 0.109 0.062 0.489 0.110 0.077 0.533 0.132 0.084
%6  0.3125 | 0.322 | 0.314 0.583 0.125 0.078 0.593 0.130 0.097 0.619 0.143 0.108
0 0.375 | 0.385 | 0.377 0.680 0.141 0.094 0.688 0.145 0.115 0.738 0.170 0.123
6 0.4375 | 0.450 | 0.440 0.776 0.156 0.109 0.784 0.160 0.133 0.836 0.186 0.143
14 0.500 | 0.512 | 0.502 0.869 0.171 0.125 0.879 0.176 0.151 0.935 0.204 0.162
%16  0.5625 | 0.574 | 0.564 0.965 0.188 0.141 0.975 0.193 0.170 1.035 0.223 0.182
4 0.625 | 0.640 | 0.628 1.072 0.203 0.156 1.086 0.210 0.189 1.150 0.242 0.202
146  0.6875 | 0.703 | 0.691 1.169 0.219 0.172 1.185 0.227 0.207 1.251 0.260 0.221
Yy 0.750 | 0.765 | 0.753 1.264 0.234 0.188 1.284 0.244 0.226 1.354 0.279 0.241
136 0.8125 | 0.828 | 0.816 1.359 0.250 0.203 1.3183 0.262 0.246 1.454 0.298 0.261
% 0.875 | 0.8g0 | 0.878 1.455 0.266 0.219 1.485 0.281 0.266 1.567 0.322 0.285
%6 0.9375 | 0.953 | 0.941 1.551 0.281 0.234 1.585 0.298 0.284 1.679 0.345 0.308
I 1.000 | 1.0I5 | 1.003 1.647 0.297 0.250 1.691 0.319 0.306 1.785 0.366 0.330
1416 1.0625 | 1.080 | 1.066 1.742 0.312 0.266 1.794 0.338 0.326 1.806 0.389 0.352
14 1.125 | 1.144 | 1.120 1.838 0.328 0.281 1.894 0.356 0.345 2.004 0.411 0.375
16 1.1875 | 1.208 | 1.192 1.934 0.344 0.297 1.992 0.373 0.364 2.108 0.431 0.396
1% 1.250 | 1.272 | 1.254 2.028 0.359 0.312 2.096 0.393 0.384 2.214 0.452 0.417
176 1.3125 | 1.335 | 1.317 2.124 0.375 0.328 2.194 0.410 0.403 2.318 0.472 0.438
14 1.375 | 1.399 | 1.379 2.210 0.391 0.344 2.292 0.427 0.422 2.420 0.491 0.458
146 1.4375 | 1.462 | 1.442 2.314 0.400 0.359 2.386 0.442 0.440 2.520 0.509 0.478
14 1.500 | 1.524 | 1.504 2.409 0.422 0.375 2.481 0.458 0.458 2.617 0.526 0.496

_ All dimensions are given in inches.
inclusive, for extra-duty helical spring lock washers.

SOURCE: Reprinted courtesy of The American Society of Mechanical Engineers.

4/19/2010

* See Standard for sizes over 1% to 3, inclusive, for regular and heavy helical spring lock washers and over 1%2 to 2,
§ T = mean section thickness = (t; + ,) + 2.
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American National Standard Internal and External Tooth Lock Washers (ANSI/ASME B18.21.1—1990)

Internal Tooth External Tooth Countersunk External Tooth
= B o B -
C A A
=;_ J-C % &Y
S 1
TYPE A TYPE B 80°-82° TYPER 80°-82°

Internal Tooth Lock Washers

Size | #2 | #3 | #4 | #5 | #6 | #8 | #10 | #12| Vo | e | W | Ve | Vo | s | B | M6 | 3 | 46| T 1 | 1 | 1V

Max |0.095/0.109|0.123]0.136|0.150 | 0.176 | 0.204 | 0.231 | 0.267 | 0.332 | 0.398 | 0.464 | 0.530 | 0.596 | 0.663 | 0.728 | 0.795 | 0.861 | 0.927| 1.060 | 1.192 | 1.325
Min |0.089|0.102|0.115|0.129|0.141 | 0.168 | 0.195 | 0.221 | 0.256 | 0.320 | 0.384 | 0.448 | 0.512 | 0.576 | 0.640 | 0.704 | 0.760 | 0.832 | 0.804 | 1.019 | 1.144 | 1.275
Max |0.200)|0.232|0.270|0.280 | 0.295 | 0.340 | 0.381 | 0.410| 0.478 | 0.610| 0.692 | 0.789 | 0.900 | 0.985 | 1.071 | 1,166 1,245 | 1.315 | 1.410| 1.637 | 1.830 | 1.975

Min |0.175]0.215]|0.245 | 0.255|0.275 | 0.325 | 0.365 | 0.394 | 0.460 [ 0.594 | 0.670 | 0.740 | 0.867 | 0.957 | 1.045 | 1.130{ 1.220 | 1.200 | 1.364 | 1.590 | 1.799 | 1.921
C | Max |0.015|0.019|0.019|0.021 | 0.021 | 0.023 | 0.025 [ 0.025 | 0.028 | 0.034 | 0.040 | 0.040 | 0.045 | 0.045 | 0.050 | 0.050 | 0.055 | 0.055 | 0.060 | 0.067 | 0.067 | 0.067
Min |0.010|0.012|0.015|0.017 |0.017|0.018 | 0.020 [ 0.020 | 0.023 [0.028 | 0.032 | 0,032 | 0.037 | 0.037 | 0.042 | 0.042 | 0.047 | 0.047 | 0.052 | 0.059 | 0.059 | 0.059

External Tooth Lock Washers

Max | ... [0.109]|0.123[0.136|0.150 | 0.176 |0.204 [0.231 | 0.267 |0.332 | 0.398 [ 0.464 | 0.530 | 0.596 | 0.663 | 0.728 | 0.795 | 0.861 | 0.927 | 1.060
Min | ... [0.102]0.115]0.1290.141|0.168 |0.195 [0.221 | 0.256 | 0.320 | 0.384 [ 0.448 | 0.513 | 0.576 | 0.641 | 0.704 | 0.768 | 0.833 | 0.897 | 1.025
Max | ... [0.235[0.2600.285|0.320 | 0.381 | 0.410 | 0.475 [0.510 | 0.610|0.694 | 0.760 | 0.900 [ 0.985 | 1.070 | 1.155 | 1.260 | 1.315 | 1.410| 1.620
Min | ... [0.220]0.2450.270|0.305|0.365 | 0.395 | 0.460 | 0.494 | 0.588 | 0.670 [ 0.740 | 0.880 | 0.960 | 1.045 | 1.130|1.220 | 1.290 | 1.380 | 1.500
Max | ... [0.015]|0.019(0.019|0.022 |0.023 | 0.025 | 0.028 | 0.028 | 0.034 | 0.040 | 0.040 | 0.045 | 0.045 | 0.050 | 0.050 | 0.055 | 0.055 | 0.060 | 0.067
Min | ... [0.012|0.014|0.015]|0.016 0,018 |0.020 | 0.023 | 0.023 | 0.028 | 0.032 | 0.032 | 0.037 | 0.037 | 0.042 | 0.042 | 0.047 | 0.047 | 0.052 | 0.059
Heavy Internal Tooth Lock Washers Countersunk External Tooth Lock Washers*
Size | Va | Y6 | W | s | Y2 | %s | 38 | ¥ | Size | #4 | #6 | #8 | #10 | #12 | Vo | #16 | Y6 | B | T | 15

Max [0.267]0.3320.398|0.464|0.5300.596|0.663|0.795 |0.927|| A | Max |o0.123]0.150|0.177|0.205|0.231 |0.267 | 0.287 0.33a 0.398 | 0.463 | 0.529
Min |0.256|0.320(0.384 | 0.448 | 0.512 | 0.576 | 0.640 | 0.768 | 0.8g4 Min |0.113]|0.140|0.167]0.195]|0.220|0.255 [0.273 |0.318 | 0.383 | 0.448 | 0.512
B | Max |0.5360.607|0.748 | 0.858 (0.924 | 1.034|1.135|1.265|1.447|| C | Max |0.019|0.021|0.021 |0.025 |0.025|0.025 | 0.028 | 0.028 | 0.034 | 0.045 | 0.045

Min |0.500 0:590 0.700 | 0.800 [ 0.880 | 0.0 | 1.100 | 1.240 | 1.400 Min [o0.015|0.017|0.017[0.020|0.0200.020 | 0.023 | 0.023 | 0.028 | 0.037 | 0.037
Max |0.045|0.050 | 0.050 | 0.067 | 0.067 | 0.067 | 0.067 | 0.084 | 0.084|[ D | Max |0.065|0.092 [0.105|0.099 [0.128 |0.128 | 0.147 | 0.192 | 0.255 | 0.270 | 0.304
Min |0.035]0.040 |0.042 | 0.050 | 0.055 | 0.055 | 0.059 | 0.070 | 0.075 Min |o0.050|0.082 [0.088 |0.083|0.118|0.113|0.137|0.165|0.242 | 0.260 | 0.204

All dimensions are given in inches. * Starting with #4, approx, 0.D.'s are: 0.213, 0.289, 0.322, 0.354, 0.421, 0.454, 0.505, 0.599, 0.765, 0.867, and 0.976.
SOURCE: Reprinted courtesy of The American Society of Mechanical Engineers.
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Altikose bash civata

wv

ve somun rondelasi

i TS 79/1

]

=

— e — e

DIN 125

KA

Rondela 13 TS 79/1°

Delik capt d, = 13 mm olan bir rondelanin
yosterilisi :

Delik capt d,
gosterilisi

Altikdése bash civato
ve somun rondelasi

4

i

Rondela 14 TS 79/2

s

| TS 79/2

. DIN 126

14 mm olan ham rondelanin

.f
i
S g | = S
S S | S s
d, d. S o d, d. s o | d, d. -s © d, d.. s <
1.8 45 03 1.7 17 30 3 16 l 5,8 11 1 5 45 78 7 42
2,2 55 05 2 19 34 4 18 , 7 12 1.5 6 48 85 7 45
2.5 6 0.5 2.3 21 36 4 20 | 9.5 17 2 8 52 92 8 4
2.8 7 0.5 2.6 23 40 4 22 | 115 21 25 10 56 a8 8 52
3,2 7 05 3 25 a4 4 ) GO S 24 3 12 61 105 9 56
37 8 0.5 3.5 27 50 5 26 18 30 3 16 85 110 9 60
43 9 08 4 28 50 5 27 23 36 4 20 70 115 9 64
53" 11 1 5 29 50 5 28 27 44 4 24 78 125 10 72
64 12 1.5 6 31 56 5 30 30 50 5 27 86 140 12 80
84 17 2 8 33 60 5 32 33 56 5 30 96 160 12 90
;105 21 25 10 34 60 5 33 36 60 5 33 106 175 14 100
| 13 24 3 12 36 68 6 35 39 68 6 36 116 185 14 110
15 28 3 14 37 68 6 36 42 72 6 39 126 210 16 - 120



British Representation:
0.75-10 UNC-2A x 2.50, LH, DOUBLE, HEXAGON CAP SCREW

0.63- 11 UNC- 2B HEXAGON NUT
SQUARE NUT
2" -11 NPS
NPT
WIDE
NARROW
HELICAL-SPRING LOCK WASHER-1/4" REGULAR-PHOSPHORUS BRONZE
INTERNAL-TOOTH WASHER-1/4" -TYPE A- STEEL
EXTERNAL-TOOTH WASHR-0.562-TYPE B-STEEL

7/8 Dirill, 3 Deep, 1-8 UNC- 2B, 2 Deep

e
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ISO Representation:

M18x0.75-40, 5g 6g L-LH-DOUBLE HEX CAP SCR
M8x1.25 HEX NUT

Turkish Rep.:

K
0
Altik6se Basli Civata M18x0.751-40 TS 1021/2, OK, 5D
Altikbse Somun M8x1.25i1 TS 1026/2 K 4D
R TS 61/20 or R 2" DIN 259
Rondela 15 TS 79/1, St37

$10.175, M10,1 60

/

4/19/2010
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Yayh rondela TS 79/27-B16-Yay celigi
83

W @f_

] HE
L] L] L] ]
L S (S
'\l-..h‘- ’/
I s
o
L

\J-_

I'!%%/%i

-~ -~

Rondeld kahnhd s= 0,2.d
Rondel8 dis gapi d2= 1,75.d

T

\N

/
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HOP"}'E Tagh somun

Cotter pn% % Castle nut

Various Locking Techniques
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Lock nut

0.2d

0.5d 0.8 d
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Castle Nuts
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. U 's mi]-em‘( (INEHES} B / METR*C“ ‘{Mﬂﬂmﬁ“ﬁ)s e c
Nommal Boﬂ or | Nominal Nominal
Thread Size Cotter-Pin | Cotter-Pin | Min. End. Nominal Bolt or Cotter-Pin Cotter-Pin | Min, End
Range Size (A) Hole Clearance* || Thread-Size Range Size (A) Hole Clearance*
125 031 047 06 -2.5 0.6 08 15
188 047 062 08 25-35 08 10 20
250 062 078 1 35-45 10 12 20
312 078 094 R 45-55 1.2 14 1.5
375 094 109 14 55-7.0 16 1.8 25
438 109 125 14 70-9.0 20 22 30
500 125 141 18 90-11 25 28 35
562 4 156 25 11-14 32 36 5
625 156 172 40 14-20 4 45 6
1.000=1.125 188 203 40 20-27 5 56 7
1.250-1.375 219 234 A6 27-39 6.3 6.7 10
1.500-1.625 250 266 46 39-56 8.0 85 15
56-80 10 105 20

*End of bolt to center of hole

4/19/2010

Cotter pins.

POINT OF CONTACT WITH HOLE

}._

— _..I 1 _..'

—— P f——

\ 6, \ 1
2 3 = /)
MITER END HAMMER
LOCK
ﬁ ﬂ
a B | 1 8 NS
PRONG SQUARE EXTENDED
CuT MITER END

-

BEVEL POINT

——

CHISEL
POINT
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"
= > % g5
— ]
=
A=
d=5 mm, I= 40 mm olan bir pimin gdsteriimesi;
COTTER PIN
KOPILYA TS 2339/1-5x40-Fe
d 1 1.2 1,6 2 2,5 3,2 4 5 6,3
d1 0.9 1 1.4 1,8 2.3 2.9 3,7 4.6 5,9
a 1,6 2,5 2.5 2,5 2,5 3,2 4 4 =
b 3 3 3.2 4 5 6,4 8 10 12,6
c 1,8 2 2,8 3,6 4.6 5.8 7.4 9,2 11.8
v 4 5 S 6 6 8 8 10 12
d2 |3-4,5]| 4-6 5-7 6-9 | 8-11 | 9-14 |[12-20|17-27 |23-39
, 6 8 8 10 12 14 14 P 32
20 25 32 40 50 63 80 100 | 125
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¢ bolt & nut wsembly

Nut (Somun)

Bolt (Civata)
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mefa/ em/ ; Plany port, oﬂ ﬂuf end }

Sz‘aa/ ' L ...mnq/ Grgth ]

. _overdll lengt)
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Stud
(Saplama)
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Nut

/

%

2

N

S s

a Stud aﬁ'emé_/j
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|
' TS 1025/4

I'_. - .__-_- e e e ———
| : SAPLAMA b, = 2.d (Ozet
| ! (S {“ d) ‘ e l DIN 833
p - | T—ﬁt
i_ Rk Z, - ! 3
By eyt = et L J
IR -
Anma capr M 1.2 ve uzunlugu | = 70 mm Anma capit M 12 ve | = 70 mm olan

olan saplamanin gdsteriligi :

Saplama M 12 =70 TS 1025/4

oyuklu saplamanin gosterilisi :

Oy - Saplama M 12 —70 TS 1025/4

et 8 . e e e S— ——— i — — . ——— i

d —_— —— —— ——
n| 8 10 10 12
b 2) 9 10 12 15
3| = = = =

|

!
b\is?aw

12 12 12 15

|

|

28 28 70 80

4/19/2010

15
18

12

18
80

15
18

14

18
100

M3 (M35 M4 M5 M6 (M7) M8

M10 M12 (M14) M16 (M18) M20  (M22) M24

— — (M18x2) M20x2 (M22x2) M24x2

18
22

16

18
110

20
25

20

22
150

22 25 . 28 30 32 35 38
28 30 35 40 40 45 50
40 45 50 85 55 60 65
24 28 32 3 40 44 48
25 28 35 35 40 45 50

180 200 220 220 220 220 229

94
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Nominal Length
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| |
| 1
S5 (S F 2
—te, U™ s
| | -
| | L1
9 10 & = 12

95



/‘ﬂl//d.'ﬂ

7// ‘

Civata Yuvalan 75 1023 ornN 74
90°21° e

90”:10 - - S

d2 = d& as | as
1 — 1 i e 1 bl | B 1 et

1V, | ! Pl : 21 HIl Vd o .
ZN A sn i Y anis Lonnss e =

dj _jd d1 di dl | __;CH
Silindirik ATipi B Tipi H Tipi J Tipi K Tipi

delik

Delik gap1 d Havsa yuva (Orta aligtirma) Silindirik yuva
Vida Batan tipler A tipi B tipi H.JKTipi |TipH]| TipJd | TipK
capt
ince orta kaba d4 -

M 3 3,2 3.4 3.6 6.5 1.6 6,6 1,6 B 2.4 3.4
M 35 3.7 39 4.1 7.6 1.9 6,5 29 -
M 4 4.3 4.5 4.8 8.6 2.1 9 2.3 B8 32 3.4 4.6
M 5 5.3 5,5 5.8 10.4 2.5 11 2.8 10 - 4 4.2 4.7
M 6 6.4 6,6 7 12,4 29 13 3,2 11 47 4.8 6,8
M 8 8.4 9 10 16,4 3.7 17.2 4.1 15 6 6 9
M 10 10,5 11 12 20.4 4.7 21,5 53 18 7 7.5 11
M 12 13 14 15 24 .4 52 26 (3 20 16 8 8.5 13
M 14 15 16 17 27.4 57 29 6,5 24 18 9 9.5 15
M 186 17 18 19 32.4 7.2 32 7 26 20 10,5 11,5 17.5
M 18 19 20 21 36.4 8.2 35 7.5 30 22 115 12,5 19,5
M 20 21 22 24 40,4 9.2 38 8 33 24 12.5 13,5 21,5
M. 22 23 24 26 38 12,5 36 26 13,5 14,5 23,5
M 24 25 26 28 41 13,5 40 28 14,5 15,5 25,5




90°21°

@
.y

P

i
|
|
i

—

v

14 AI3

B 012 DIN 74

I
e 7

II

H 03 DIN 7

L

|
Kesit gorunis
I\. A 3,5 DIN 74

/

__s% Ust gdrinis
~
. ~

~ ALTTA

/-
H 03 DIN 74

A 3,5 DIN 74

T



M 3X20 TS1021/3-5.6 $3,2

vile
%////@ 7
SRS .

3,2 TS 79/1
M3 TS 1026/2-4.6

(1) S/{\k_\. & g 7 . \(H
s ALTTA / i
$3,2

o 3,2 1575/1 ALTTA
M3X20 TS 1021/3-5.6 M3 TS1026/2-4.6 $37 36
/
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Civata Sembolleri

Civata ¢capr MB |'v‘!1ID M]Z MH_'. M'IE, MIE MZGLMZZ M24M27|M30|M33|M36
Gévde gapi '__q [m 2 |14 [16 .18 20 122 | 24 [ 273033 36

Kesi® alant mmZ

3191559 ?Eaimz 14 RV zzonz?s 317 | 419 | 509 | 636 | 745
Delik capi | '

g '—"—i 15 [17 119121 (23 |25 |28 | 31 | 34 | 37
ormal civata 5.-, o & . K k73
ser e Bk kO |0 D o s s B e |

§ [Diger civat =

© | delikleri 2 Crvata deirgl dmres: uzerine o6lclst konur. .E}

llj ) . . B 5 i T

2 | Civata deligi GDSIE‘r![r$lL‘F1 bus.ku olglsl konur.

o " - B M24 ,

o | Havsa M20 M20

E bash civata - Ust bas havsali '@‘ Alt bas hu\rﬁull\Ei’

— | Montajda ST T 5 | PR T S <5
E | towiacal cvata| | S0 | ] 53| OO 8|43 [ [ PR T e
~ | takilacak civata | 71 ,

@l Glieile)

emeran et |32 Sl || O O |y s Te ey

?—z - B 5 : Tﬂ.".l { S jl ;‘-T.'.."_" ey
; i ¥ o I - r"-’ ™ l ’

i | tf |: @i [200 7 iF E__ : I
- S T ! LF I'i ':l: | r{ j:': IR"_HF
1 I .

3 | ) | L_
{5, e
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Property Classes of Fasteners

Inch Fasteners

The strength of customary fasteners for most common uses
is determined by the size of the fastener and the material
from which it is made. Property classes are defined by the
Society of Automotive Engineers (SAE) or the American

Society for Testing and Materials (ASTM).

. Tensile Yield Proof
SAE Bolt Size
Sack (iN) Strength Strength Strength Material M:e::‘g
(KSI) (KSI) (KSI)
1 2515 60 36 33 Low or Medium Carbon Steel
2 25-.75 74 57 55 Low or Medium Carbon Steel O
>.75-1.5 60 36 33 Low or Medium Carban Steel
4 .25-1.5 115 100 65 Low or Medium Carbon Steel
3 25-1 120 92 85 Medium Carbon Steel, Ty
>1-1.5 105 81 74 Quenched and Tempered V\)
Low Carbon Martensite Steel, |
52 25-1. e — _—
=18 Quenched and Tempered O
Medium Carbon Alloy Steel,
7 2515 133 115 105 Quenched and Tempered,
Roll Threaded After Heat
Treatment
Medium Carbon Alloy Steel, I
: 1.
8 25-1.5 150 130 120 Quenched and Tempered 8
8.2 25-15 AR S —_— Low Carbon Martensite Steel,
Quenched and Tempered

SAE Grades for Fasteners (SAE J429)
The higher the number. the greater the fastener strength.




Metric Fasteners

For mechanical and material requirements, metric fasteners
are classified under a number of property classes. Bolts,
screws, and studs have seven property classes of steel suitable
for general engineering applications. The property classes are
designated by numbers, with increasing numbers generally
representing increasing tensile strengths. The designation
symbol consists of two parts: the first numeral of a two-digit
symbol or the first two numerals of a three-digit symbol is
approximately equal to one-hundredth of the minimum tensile
strength 1n megapascals (MPa), and the last numeral approx-
imates one-tenth of the ratio expressed as a percentage of
minimum Yyield strength and minimum tensile strength.
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Tensile I Yield I Proof
Grade Bolt Size Strength Strength Strength

B (MPa) | (MPa) | {rM Pa)
4.6 400 240 225
48 M1.6-M16 420 340 - 310

§ 5.8 M5-M24 520- 41;_ 380 _l

- 8.8 M17-M36 830 660 600
9.8 M1.6-M16 900 720" 650
10.9 ME-M36 1040 9S40 830
12.9 M1.6-M36 1220 1100 970

*Y:eid strengths approximate and not included in stancarad
SAE Grades for Metric Fasteners
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Civata ve Somun Gereclerl (Celik)

oy
¥

Civata Gerecleri

v 1 e — 4§ S S 1 e S w0 & s A

B R R L

Somun Gerecleri

lsaret Cokme  Akma Kopma @ Normol Somun  Ince Somun TS 1026/3
dayanimt  Siniri uzomast TS 102672 m=0.84d
Ngt D gA 5

Kgt/mm*  Kgi/mm:  %Min. | d/p<9 d/pD9  dp<d  dpN9

P b ———

— — 40 5D,5S

AA 34 0 a0
4D 40 20 25
49 10 32 1

5 mms mEm e — - =

g ¥

R e
5 g " il s 4D 5D,55 5D,55 66,68

6D 60 %6 19
69 60 10 B
66 60 54 12

|

|

|

‘ 50,56 6G.6S 6G,6S 86
e e = _.i_é____.i_ s

| )

!

b — .

86 =
186 10K = =

Ees s s e i s Em R 5 ———

o Bt S w

™ TP
2K 120 108 8

e ——

S0k 0K — -




Yizey Isleme Isaretlerl

Yuzey

Kalitesi

—_

|

|

| .
L.

|

Civala

Orla

L
S el
-

0.K

(Ortn-Kaba -
: ..+ Diger yuzeyler

| ; Vida disi ve butun yuzeyler

! Civalo bagr yuzeyleri ve anahlar
- agu yuzeyleri .

Qiurma yizeyleri, govde, vida
i3i yanlon, dis dibi

#
|
|
]
]
|
|

Vida disi vunlnri. di§ dibi

 mismE R e p W R e S

Isleme

W

v

TR T T T

Isaretler|

“Somun

i

: i

! Vide divi ve birin ylzeyler
|

|.. : . T T T T O TR

vv » Virda 31 yanlan ve olurma

[

7

L yleyleri

. Anchier ozl yizeylerl

| :
Vida disi yanlan, dis Usli

Kaba * S ' i T 5
i Dig Usti ve buliin diger yizeyler , m Die, dibi ve bitin diger yuzeyler . A\
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Metric nut selection for bolts, screws,
and studs.

| Suggested Property
perty |  Nominal |  Class of Mating
ass | NutSize | Bolt, Screw, or Stud

5 M35 thru M36 4.6, 4.8, 5.8

9 M5 thru M16 5.8, 9.8
M20 thru M36 5.8, 8.8

10 M6.3 thru M36 10.9
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TEK AGIZLI VE SAG HELIS VIDALAR

Vida cinsi Sembol Olgl degerleri Ornek

Metrik dis M Dis tistii gap! d=12mm | | M12 -
5y : S d=12 mm : M12x15 -
Metrik ince dig M Dis Ustl capi x adim P=15 mm I -
Whitwort dis " Dis (istii cap! d=2"(inch) | |= 2" |

. . . Dis Ustl ¢api x 1 inchte dig sayisi WS0x1”/6
Whitwort ince dis W d=50 mm P=1"da 6 dis R
Whitwort boru dig Boru i¢ cap! d=21/2" (inch) | |~ G212 |
Whitwort boru dis-konik R Boru ig gapi d=3/4" (inch) = R 3/4 -
Metrik -konik M-konik | Referans diizieminde dis iisti ¢ap! , M30x2-konik |
d=30 mm P=2 mm | !
Trapez-ISO dig Tr Dis Ustl ¢api x adim d=60 mm | Tr60x4 o
P=4 mm | |
Testere dis Te Dis Gsti gapi x adim d=60 mm - Te60x4 i
P=4 mm [ =1

: Dis Ust cap! x 1" ta dis sayisi Yv60x1'/6
Yuvariak dig Yv d=60 mm P=1"da 6 dis -1

AGIZ SAYISI COK OLAN VE SOL HELIS VIDALAR

Metrik ISO- sol dis M-LH | Dis sti gap! (LH-Left Hand) : M12-LH =5
d=12 mm | |

Trapez dis-3 agizli-sag Tr Dig Ustl gapi X ilereme P hatve Tr60x15P5
d=60 mm h=15mm Pb=5mm I
Trapez dis-3 agizli-sol | Tr-LH | Dis Ustl ¢api XilerlemePhave  -sol . Tré0x15P5-LH? |

d=60mm P=15mm Pb=5mm

I l




ALTIKOSE SOMUN ALTIKOSE YUKSEK SAPKALI SOMUN

M12 TS 1026/2 OK 4.6 M10 TS 1026/11 046
v
DORTKOSE PAHLI SOMUN RONDELA 21 TS 79/1 St 37
M8 TS 1026/17 4.6
(V)
(1)
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_ E . :
al : Ve .-
. 50 | ! 40 J
ALTIKOSE BASLI CIVATA ALTIKOSE BASLI KUBBELI CIVATA
M12 x 50 TS 1021/2-5.6 M10 x 40 TS 1021/2-5.6
i fesnemm—
ll m |
| E J E
[ | !
-
30 s 40
DORTKOSE BASLI CIVATA SAPLAMA
M8 x 30 TS 1022/1-4.6 M6 x40 TS 1025/3
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VIDAL!I PIM — Tornavida varikl

—

| TS 1024/2
| DIN 553

ot
.bﬂ
=_° __‘
L 3{—" —°4 Anma capi M 5 ve uzunlugu | = 12 mm olan
N ' z, basi yarikh, kesik koni uclu vidah pimin gosterilisi :
] F
B ! ' Vidali pim M 5 = 12 TS 1024/2
isleme : (o)
|
| |
; 5 o, @ &
] d, ! al g £ % o g e 0 © v = =2 € <
| | =2 £ =2 £ =2 &£ T 2 2 2 3 3 = =
e ; S e o e e — — —— . — . e — e — ai e ——
i d, E - o e e e - 1 2 2 2 4 6
| n ! 03 04 04 04 05 05 06 08 1 12 16 2 25 8
}t min ' 0% 08 1 t 12 14 15 18 22 27 33 38 45 53
i— mox . 11 11 12 12 145 17 18 21 26 32 39 44 53 63
a z, |1 115 125 13 15 175 2 25 25 3 4 5 & 7
I . 25 25 3 3 4 4 5 6 6 8 12 14 18 25
8 10 - 10 10 12 16 17 22 28 35 45 50 60

12
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British Representation:
0.75-10 UNC-2A x 2.50, LH, DOUBLE, HEXAGON CAP SCREW

0.63- 11 UNC- 2B HEXAGON NUT

SQUARE NUT
2"-11 NPS
NPT
WIDE
NARROW
HELICAL-SPRING LOCK WASHER-1/4" REGULAR-PHOSPHORUS
BRONZE

INTERNAL-TOOTH WASHER-1/4"-TYPE A- STEEL
EXTERNAL-TOOTH WASHR-0.562-TYPE B-STEEL

7/8 Drill, 3 Deep, 1-8 UNC- 2B, 2 Deep

e
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ISO Representation:

M18x0.75-40, 5g 6g L-LH-DOUBLE HEX CAP SCR
M8x1.25 HEX NUT

Turkish Rep.:

K
0
Altik6se Basli Civata M18x0.75i-40 TS 1021/2, OK, 5D

Altikose Somun M8x1.251 TS 1026/2 K 4D
R "2 TS 61/20 or R 2" DIN 259

Rondela 15 TS 79/1, St37

$10.175, M10, 60

/
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