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At-mm~2

Nominal Coarse-Pitch Series Fine-Pitch Series

Maijor Tensile- Minor- Tensile- Minor-
Diameter Pitch Stress Diameter Pitch Stress Diameter
Area A; Area A, Area A, Area A,
mm? mm? mm mm? mm?

4 0.7 8.78 T35

5 0.8 14.2 12.7

6 | 20.1 17.9

8 .25 36.6 328 | 39.2 36.0
10 15 58.0 523 1.25 61.2 56.3
12 135 843 76.3 1.25 92.1 86.0
14 2 115 104 1.5 125 116
16 2 157 144 15 167 157
20 2.5 245 225 1.5 272 259
24 3 353 324 2 384 365
30 3:5 561 519 2 621 596
36 4 817 759 2 915 884
42 4.5 1120 1050 2 1260 1230
48 5 1470 1380 2 1670 1630
56 5.5 2030 1910 2 2300 2250
64 6 2680 2520 2 3030 2980
72 6 3460 3280 2 3860 3800
80 6 4340 4140 1.5 4850 4800
90 f. 5590 5360 2 6100 6020
100 6 6990 6740 2 7560 7470
110 2 9180 9080

*The equations and data used to develop this table have been obtained from ANSI B1.1-1974 and B18.3.1-19738.
The minor diameter was found from the equation d, = d —1.226 869p, and the pitch diameter from dy = d —
(0.649 519p. The mean of the pitch diameter and the minor diameter was used to compute the tensile-stress area,



For UNC And UNF Threads:

At-inch”2
Coarse Series—UNC Fine Series—UNF
Nominal Tensile- Minor- Tensile- Minor-
Maior Threads Stress Diameter  Threads Stress Diameter
Size Diameter perinch Area Ay Area A, perinch Area Ay  Area A,
Designation in N in in? 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 64 0.003 94 0.003 39
3 0.0990 48 0.004 87 0.004 06 56 0.00523 0.004 51
4 0.1120 40 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
6 0.1380 32 0.009 09 0.007 45 40 0.010 15 0.008 74
8 0.1640 32 00140 0.01196 36 0.014 74 0.012 85
10 0.1900 24 0.0175 0.014 50 32 0.0200 00175
12 0.2160 24 0.0242 0.020 6 28 00258 0.0226
% 0.2500 20 0.0318 0.0269 28 0.036 4 0.0326
153 03125 18 0.0524 0.0454 24 0.058 0 0.0524
% 0.3750 16 0.0775 0.067 8 24 0.087 8 0.080 9
'173 04375 14 0.1063 0.0933 20 0.1187 0.1090
% 0.5000 13 0.1419 0.1257 20 0.1599 0.148 6
qu 0.5625 12 0.182 0.162 18 0.203 0.189
-g- 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 9 0.462 0419 14 0.509 0.480
| 1.0000 8 0.606 0.551 12 0.663 0.625
Iy 1.2500 7 0969 0.890 12 1073 1024
13 15000 6 1405 1.294 12 1581 1521

*This table was compiled from ANSI B1.1+1974. The minor diameter was found from the equation d, = d — 1.299 038p, and the pitch diameter
from dy = d - 0.649 519p. The mean of the pitch diameter and the minor diameter was used to compute the tensile-stress area.
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Screw Friction coefficient:
Table 8-5 e Nut Material
Coefficients of Friction f Material Steel Bronze Brass Cast lron
for Threaded Pairs Steel, dry 0.15-025 0.15-0.23 0.15-0.19 0.15-0.25
Source: H. A. Rothbart and Steel, machine oil 0.11-0.17 0.10-0.16 0.10-0.15 0.11-0.17
T. H. Brown, Jr., Mechamical
Di‘.ﬂgﬂ Handbook, 2nd ed.. Bronze 0.08-0.12 0.04-0.06 == 0.06-0.09
McGraw-Hill, New York. 2006.
Coller Friction coefficient:
Table 8-6 Combination Running Starting
Thrust-Collar Friction Soft steel on cast iron 0.12 017
Coefhicients Hard sieel on cast iron 0.09 0.15
Source: H. A. Rothbart and Soft steel on bronze 0.0% 0.10

T. H. Brown, It. Mechanical
Design Handbook, 2nd ed.,
MeGraw-Hill, New York, 2006,

Hard steel on bronze 0.06 (OB
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Given fastener diameter  and pitch p in mm or number of threads per inch
Washer thickness: ¢ from Table A=32 or A=33
Nut thickness [Fig. (a) only]: H from Table A-31

Grip length:
For Fig. (a): ! = thickness of all material squeezed
between face of bolt and face of nut

. h+p/2, nb<d

ForFig. (b): 1=
or Fig. () h+df2, n=d

Fastener length (round up using Table A-17%):
For Fig. (a): L=I4+H
For Fig. (b): L=h+15d
Threaded length Lz Inch series:
2d +
2d +

in, L <6in
TgF=
i, L. > 6in

Metric series:

2d4+6mm, L <125 mm,d <48 mm
Lr={2d+12mm, 125 < L < 200 mm

2d +25 mm, L > 200 mm

Length of unthreaded portion ingnip: Iy =L — Ly
Length of threaded portion in grip: k=1—I

Area of unthreaded portion: Ag = erzfdl

Area of threaded portion: A; from Table 8-1 or 8=2
, AgAE

Fastener stiffness: kp

= Agl, + Ady




Bucjling of screw:
Figure 4-18

{a) Both ends rounded or
pivoted; (F) both ends fixed:
{c) one end free and one end
fixed; (d) one end rounded and

pivoted, and one end fixed.

nC=4 {c'}('=% d)Cc=2

End-Condition Constant C

Column End Theoretical Conservative Recommended
Conditions Value Value

Fixed-free _ll % %
Rounded-rounded 1 l 1
Fixed-rounded 2 | 1.2
Fixed-fixed 4 | 1.2

*To be used only with liberal factors of safety when the column load is accurately known.

Se —For Fatigue fasteners:

Table 8-17 Grade or Class Size Range Endurance Strength
Fully Comested SAE § L1 in 18.6 kpsi
Endurance Strengths for
v o 141 in 163 kpi
Bolts and Screws with SAE 7 i oo g
Rolled Threads* : & eE A
SAE 8 T=1% in 23.2 kpsi
IS0 8.8 MI16-M36 129 MPa
IS0 9.8 MIL.6=M16 140 MPa
IS0 109 M5=M36 162 MPa

IS0 129 MIL.6=M36 190 MPa




(@) Plain end, right hand (¢) Squared and ground end.
left hand

(b) Squared or closed end, (d) Plain end, ground,
right hand left hand

Type of Spring Ends

Plain and Squared or  Squared and
Ground Closed Ground
End coils. N, 0 | 2 2
Total coils, N, N, N, +1 N, + 2 N, +2
Free length, Lg PNa + d p(Nz + 1) PNy + 3d PNa + 2d
Solid length, L d(N, + 1) dN, d(N; + 1) dN,
Pitch, p (Lo—d)N, Lo/N, +1) (Lo — 3d)N, (Ly — 2d)/N,
A
Eur e ﬂ._m

A And m constant- to determine Sut:

Table IO-Il

Constants A and m of S,, = A/d™ for Estimating Minimum Tensile Strength of Common Spring Wires

Source: From Design Handbook, 1987, p. 19. Countesy of Associated Spring.

Relative
ASTM Exponent Diameter, A, Diameter, A, Cost
No. m in kpsi - in™ mm MPa - mm™ of Wire
Music wire* A228 0.145 0.004-0.256 201 0.10-6.5 2211 26
OQ&T wire' A229 0.187 0.020-0.500 147 0.5-12.7 1855 1.3
Hard-drawn wire? A227 0.190 0.028-0.500 140 0.7-12.7 1783 1.0
Chrome-vanadium wire*  A232 0.168 0.032-0.437 169 0.8-11.1 2005 x 1 §
Chrome-silicon wire! A401 0.108 0.063-0.375 202 1.6-95 1974 40
302 Stainless wire® A313 0.146 0.013-0.10 169 0.3-25 1867 7.6-11
0.263 0.10-0.20 128 255 2065
0.478 0.20-0.40 9% 5-10 2911
Phosphor-bronze wire**  B159 0 0.004-0.022 145 0.1-0.6 1000 8.0
0.028 0.022-0.075 121 0.6-2 913

0.064 0.075-0.30 110 2-75 932




Alpha constant-for Buckling:

End Condition Constant o

Spring supported between flar parallel surfaces (fixed ends) 0.5
One end supported by fat surface perpendicular (o spring axis (fixed);

other end pivoted (hinged) 0707
Both ends pivoted (hinged) 1
One end clamped: other end free 2

E And G Modulas:

Table 10-5

Mechanical Properties of Some Spring Wires

Elastic Limit,

Percent of S; Diameter

Material Tension Torsion d, in
Music wire A228 65-75 45-60 <0.032 295 2034 120 82.7
0.033-0.063 29.0 200 11.85 81.7
0.064-0.125 285 196.5 11.75 81.0
>0.125 28.0 193 11.6 80.0
HD spring A227 60-70 45-55 <0.032 288 198.6 11.7 80.7
0.033-0.063 287 1979 11.6 80.0
0.064-0.125 286 197.2 11.5 793
>0.125 285 196.5 114 78.6
Oil tempered A239 85-90 45-50 285 196.5 11.2 77.2
Valve spring A230 85-90 50-60 29.5 2034 11.2 772
Chrome-vanadium A231 88-93 65-75 295 2034 11.2 772
A232 88-93 295 2034 112 712
Chrome-silicon A401 85-93 65-75 205 2034 112 77.2

Stainless steel

A313* 65-75 45-55 28 193 10 69.0
17-7PH 75-80 55-60 295 2084 11 758
414 65-70 42-55 29 200 112 772
420 65-75 45-55 29 200 112 77.2
431 72-76 50-55 30 206 115 79.3
Phosphor-bronze B159 7580 45-50 15 103.4 6 414
Beryllium-copper B197 70 50 17 117.2 6.5 448
75 50-55 19 131 7.3 503
Inconel alloy X-750 65-70 4045 31 213.7 112 772

Sy=Ssy DIVIDED BY 0.577

0.788S,.; Music wire and cold-drawn carbon steels
S, = { 0.878,, OQ&T carbon and low-alloy steels (10-57)
0.61S,, Austenitic stainless steel and nonferrous alloys
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Table A-30 Minimum  Type of Screw
Dimensions of Nominal Fillet Cap Heavy Height
Hexagonal Cap Screws S Radivs W W H
and Heavy Hexagonal i 0.015 15 3
Screws (W = Width = 0.015 ! 2
across Flats; H = Height 3 0.015 2 15
of Head; See Figure in 2 0.015 s 2
Table A-29) ' 0.015 : : s
3 0.020 i 116 &
2 0.020 13 15 2
: 0.040 155 115 &
1 0.060 13 13 2
15 0.060 13 2 z
13 0.060 2.k 2% z
15 0.060 2% 23 B
Size, mm
M5 0.2 8 3.65
M6 0.3 10 4.15
MS 0.4 13 5.50
MI10 0.4 16 6.63
Mi12 0.6 18 21 7.76
M14 0.6 21 24 9.09
Mie6 0.6 24 27 10.32
M20 0.8 30 34 12.88
M24 0.8 36 41 15.44
M30 1.0 46 50 19.48

M36 1.0 55 60 23.38
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Table A-31

Dimensions of
Hexagonal Nuts

N A 0 o
S w Hexagonal M
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Slotted JA
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64
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32

13
16
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12.0
14.1
16.4
20.3
239
28.6
34.7

Rz Rz 2R e Fo Fo 2= PN R Bl

10.0
12.0
15.0
18.0

Useful Tables

1063



Table AZ530ADED BY

1stene . Diameter
Basic Dimensions of Size Size ») oD Thickness
American Standard #6 0.138 0.156 0.375 0.049
Plain Washers (All #8 0.164 0.188 0.438 0.049
Dimensions in Inches) #10 0.190 0.219 0.500 0.049
#12 0.216 0.250 0.562 0.065
iN 0.250 0.281 0.625 0.065
W 0.250 0.312 0.734 0.065
2N 0.312 0.344 0.688 0.065
=W 0.312 0.375 0.875 0.083
TN 0.375 0.406 0.812 0.065
iw 0.375 0.438 1.000 0.083
=N 0.438 0.469 0.922 0.065
W 0.438 0.500 1.250 0.083
IN 0.500 0.531 1.062 0.095
W 0.500 0.562 1.375 0.109
=N 0.562 0.594 1.156 0.095
W 0.562 0.625 1.469 0.109
3N 0.625 0.656 1.312 0.095
W 0.625 0.688 1.750 0.134
iN 0.750 0.812 1.469 0.134
W 0.750 0.812 2.000 0.148
IN 0.875 0.938 1.750 0.134
Iw 0.875 0.938 2.250 0.165
IN 1.000 1.062 2.000 0.134
W 1.000 1.062 2.500 0.165
1N 1.125 1.250 2.250 0.134
1EW 1.125 1.250 2.750 0.165
1N 1.250 1.375 2.500 0.165
;W 1.250 1.375 3.000 0.165
13N 1.375 1.500 2.750 0.165
BW 1.375 1.500 3.250 0.180
13N 1.500 1.625 3.000 0.165
LW 1.500 1.625 3.500 0.180
13 1.625 1.750 3.750 0.180
13 1.750 1.875 4.000 0.180
13 1.875 2.000 4.250 0.180
2 2.000 2.125 4.500 0.180
2; 2.250 2.375 4.750 0.220
25 2.500 2.625 5.000 0.238
22 2.750 2.875 5.250 0.259
3 3.000 3.125 5.500 0.284

N = narrow; W = wide; use W when not specified.
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Table A-33

Dimensions of Metric Plain Washers (All Dimensions in Millimeters)

N1C [¥] Adle [¥] Adle 11 [X] IVASTIC [X] Adle 11 Adlep. 4101 11

Size* Thikness Size* A Thickness

16N 1.95 4.00 0.70 10N 10.85 20.00 2.30
1.6R 1.95 5.00 0.70 I0R 10.85 28.00 2.80
1.6 W 1.95 6.00 0.90 10W 10.85 39.00 3.50
2N 2.50 5.00 0.90 12N 13.30 25.40 2.80
2R 2.50 6.00 0.90 12R 13.30 34.00 3.50
2W 2.50 8.00 0.90 12W 13.30 44.00 3.50
25N 3.00 6.00 0.90 14 N 15.25 28.00 2.80
25R 3.00 8.00 0.90 14 R 15.25 39.00 3.50
25W 3.00 10.00 1.20 14 W 15.25 50.00 4.00
3N 3.50 7.00 0.90 16 N 17.25 32.00 3.50
3R 3.50 10.00 1.20 16 R 17.25 44.00 4.00
3w 3.50 12.00 1.40 16 W 17.25 56.00 4.60
35N 4.00 9.00 1.20 20N 21.80 39.00 4.00
35R 4.00 10.00 1.40 20 R 21.80 50.00 4.60
35W 4.00 15.00 1.75 20W 21.80 66.00 5.10
4N 4.70 10.00 1.20 24 N 25.60 44.00 4.60
4R 4.70 12.00 1.40 24 R 25.60 56.00 5.10
4W 4.70 16.00 2.30 24 W 25.60 72.00 5.60
SN 5.50 11.00 1.40 30N 32.40 56.00 5.10
SR 5.50 15.00 1.75 30R 32.40 72.00 5.60
SW 5.50 20.00 2.30 30 W 32.40 90.00 6.40
6N 6.65 13.00 1.75 36 N 38.30 66.00 5.60
6R 6.65 18.80 1.75 36 R 38.30 90.00 6.40
6W 6.65 25.40 2.30 36 W 38.30 110.00 8.50
8N 8.90 18.80 2.30

8R 8.90 25.40 2.30

8W 8.90 32.00 2.80

N = narrow; R = regular; W = wide.
*Same as screw or bolt size.



