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BOLTS, SCREWS AND NUTS - EXTERNAL WRENCHING,
METRIC THREADS - DESIGN PARAMETERS FOR

1. PURPOSE:

1.1 To estab]lish design requirements for metric aerospace bolts; s¢rews and nuts
primarily for use on propulsion systems.

1.2 The smalfler thread sizes are usually referred to as screws. Fpr the purpose
of this [document, the term bolt will be used for &ll sizes.

2. SCOPE:

2.1 To fully define the following requirements,for bolts with splipe and hexagon
heads of] strength class up to but not including 1250 MPa:

(a) Head dimensions (See 3.1).
(b) Shank dimensions (See 3.2).
(c) Gedmetric control (See(3:3).
(d) Sunface texture (See'3.4).
This stdndard is based on one class of thread after all processing,
including coatingror plating, has been completed as follows: [folerance

class 4h6h.

For particulars of thread, see AS 1370. For thread runout and lead threads,
see AS 3062.

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

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

Copyright 1986 Society of Automotive Engineers, Inc.

. Printed in U.S.A.
All rights reserved. nee
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2.2 To fu11y def1ne the fo11ow1ng requ1rements for nuts w1th spline, plain
“hexagon and-: caste11ated :configurations of strength class up to and including
1100 MPa:

(a) Nut dimensions (See 4.1).

(b) Geometric control (See 4.2).

(c) Surface texture (See 4.3).

For particu1afs of threads, see AS 1370.
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3. GENERAL
3.1 Head D1

mensions:

3.1.1  Splir
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e Tolerance Shank Bolts: These are bolts having the fol
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Towing shank

Uncoated bolts - A tolerance greater than Grade F7 (ANSI B4.2-1978)

Coate

d bolts - A tolerance greater than 0.025 mm for sizes up to and

including @30 mm and a tolerance of F7 for s

jzes over

@30 mm. Both full shank and pitch diameter shank are

included in this category.
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3.2.1.1 Length of bolt from under the head (Dimension L, Figures 3A and 3B)
shall be in increments as follows:

D @12 2 mm for lengths up to and including 60 mm
4 mm for lengths over 60 mm
D @14 4 mm for lengths up to and including 60 mm

Lengths of standard range shall be in accordance with Table III.
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20 MAX— | EQUALLY SPACED
0 !
10 MAX — | QA 0 IN
N / D
\ K20.B MIN
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’ L — T |
G @ V\ S &) 5 1 I o] -
i T
@ F MINIMUM
CURVED OR ANGULAR BEARING SURFACE
WITHIN ENVELOPE o
20~ MAX
~——— H R Rrap
T—
SPLINE CONF[GURATION
PER MA 1549/XX FOR ~———— K
THIS DISTANCE
FIGURE 1 1. BREAK EDGES 0.1 - 0.4
TABLE I
D
Thread | Wrench 3 Fl | H i k1 P R T u v
Size Dash No MAX MIN| MIN| MIN H13 h15 MIN
4 x 0.7 06 8.3 7.5 6 0.8 ]1.00 - 1.14 5.02 = 5.5 3.5{ 0.2 - 0.4] 2.5 - - - -
5 x 0.8 07 9.1 8.3 7 1.0 | 1.00 ~ 1.14 592 - 6+54.51 063 ~ 0.5] 2,87 2.5 -~ 2.9| 3.2 - 3.7
6 x 1 08 10.6 9.8 8 1.2 | 1.40 -~ 1.54 6e92 ~ 7352105 = UVe7| 3¢0| 248 = 3.2 Gel = 4.6
7 x1 09 12.1111.3 9 l.4 11.40 - 1.54 7e62 = 8e2[ 59| 045 ~ 07| 38| 3.3 = 3.7| 4.9 - 5.4
8 x 1 10 13.6 | 12.8 | 10 1.6 | 1.40 - 1.54 8402 - 846|6¢3] 0.5 = 0.7 3.9) 3.7 = 41| 5.2 = 5.7
10 x 1.25 12 16.7 } 15.7 | 12 2.0 11.60 - 1.74 9¢4 - 106117471 046 ~ 0u8| 4.21 407 = Sel| 607 = 742
12 x 1.25 14 19.9 | 18.8 | 14 2.4 11.60 - 1.74 | 10.7 - 11.4{8.81 0.6 -~ 0.9] 4.5 5.6 - 6.0 8.0 - 8,5

A Tolerance grade to ANSI

B4.2 - 1978
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10° TQ 20° THREAD SIZES 5 THRU 20
To® G
@ F —=e—— MINIMUM BEARING SURFACE
@ J 1 HOLE
@ AA
' .
THREAD SIZES 3 AND 4
—— SHAPE IN THIS X
AREA OPTIONAL FIGURE 2 A
D .
THREAD E F G H J K2 p R aFl T
SIZE MIN | MIN | MIN H131
3 x 0.5 7.6 6. 6502 851166 =734 11551 0-2—=0x & 85=—7.00 -
4 x 0.7 8.7 7.4 7.510.2 - 0.5]1.00 - 1.14 | 3.6 - 3.9]1.80][ 0.2 - 0.4 7.85 -~ B8.00|h12 | -
5 x 0.8 9.8 8.3 8.4 |0.2 - 0.5 1.00 - 1.14 |2.7 - 3.0|1.35/0.3 -0.5] 8.78 - 9.00 3.7
6 x1 12.0 110.2 {110.3 {0.2 - 0.5 1.40 - 1.54 | 3.2 -~ 3.5)1.60( 0.5 - 0.7 {10.73 - 11.00 4,5 111425
“ 7 x1 13,2 {11.2 j11.3 (0.2 - 0.5 [ 1.40 ~ 1.54 |3.7 - 4.0}1.85{0.5 - 0.7 111.73 - 12.00 4.,95]12.25)
H 8 x1 15.5113.2 |13.3 |0.3 - 0.6 |1.40 - 1.54 | 4.2 - 4.5]2.10] 0.5 - 0.7 | 13.73 -~ 14.00 5.8 |14.2
"10 x 1.25[18.9 [16.0 [16.3 0.3 - 0.6 [ 1.60 - 1.74 [ 4.7 - 5.0]2.35] 0.6 -~ 0.8 | 16.73 - 17.00 7.1 (17.2
x 1.2521.1 [18.0 [I8.3 0.3 - 06| 160 -~ 1.74 | 5.7 - 6.0 2.85] 0.6 - 0.9 | 18.67 ~ 19.00|h13 7.9 {19.2
x 1.5 [24.5121.0 {21.3 |0.3 - 0.6 | 1,60 - 1.74 [ 6.7 - 7.0} 3.35}{ 0.8 - 1.1 | 21.67 - 22.00 9.2 [22.2
x 1.5 |26.8 (23.0 |23.3 |0.3 - 0.6 |1.60 - 1.74 7.7 - B.0| 3.85| 0.8 - 1.1|23.67 - 24.00 10.05(24.2
x 1.5 [30.2 | 26.0 }26.3 |0.3 - 0.6 |1.60 - 1.74 8.7 - 9.0[ 4.35] 1.0 - 1.3 | 26.57 - 27.00 11.3 [27.2
x 1.5 133.6 [29.0 [29.3 0.3 - 0.6 1.60 - 1.74| 9.7 - 10.0| 4.85{ 1.0 - 1.3 29.67 - 30.00 12.6 |30.2

1 Tolerance grades to ANSI B4.2 - 1978

2 The head height for thread sizes 3 and 4 is
lockwire drilling through center of flats.

greater in proportion to other sizes to accommodate

See Figure 2.



https://saenorm.com/api/?name=08ba91d020dd831e176d46186619c3ef

MA 1518 oar " Page 6

-

3.2.1.2

3.2.1.3

3.2.1.3.1

3.2.1.3.2

3.2.1.3.3

3.2.1.3.4

Lengths of Thread: Bolts not threaded to head shall have a thread

length equal to 2D + b.

Where D = Nominal thread size.

Length of shank plain portion (Dimension N) and length of shank to start
of full thread (Dimension M) fall into two categories with a
transitional stage depending on underhead length L as described below:

Bolts not threaded to head:

Mmax = L - (2D + 6)
Nimin = M max - (2P + 1.5 mm) except for transitional sdzes. See
342.1.3.2 and Table III.
WhHere L = Underhead Tength of bolt
D = Nominal thread size
P = Pitch of thread
1.5 mm = tolerance on length of plain shank

Bglts threaded to head:

N [min = R max
Mimax = R max + 2P
WHere R = Underhead radius (Tables I and 1I)

The transition for bolts threaded to the head occurs when| N min
ofjjtained from the formula N min = M max - (2P + 1.5 mm) provides a
vdlue less than the underhead radius, R max and is therefpre not
aqceptable.

A this transition stage, the following formulae apply:

min = R_max for bolts threaded to head
max = L2 (2D + 6) for bolts not threaded to head

==

THe -underhead lengths L at which this transition occurs aye shown in
Tdhle 111
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.7.1.4 Diameter of Shank: Coarse tolerance shank bolts

3.2.1.4.1 Full Shank Coarse Tolerance Bolts: Full shank coarse tolerance bolts
Tsee Figure 3A) shall have tolerance grade h12 applied to the plain
shank (see Table III).

.2.1.4.2 Pitch Diameter Shank Bolts: Pitch diameter shank bolts (see Figure
IBY shall have a shank diameter equal to the maximum pitch diameter
with a + 0.13 tolerance (see Table I11).

.2.1.4.3 Threaded to Head Bolts: A1l bolts where plain shank N min = R max
Tthis includes transitional sizes, see 3.2.1.3.2 and Table IT1) shall
be [designed with pitch diameter shanks.

.2.1.5 Lead [Thread Chamfer: Particulars of chamfer diameter are giyen in Table
TIT; [for other particulars, refer to AS 3062.

.
N
~no

Close Tolerance Shank Bolts (See Figure 4): In theccase of unfoated
bolts, [these are bolts having a tolerance on the-shank diameter equal to
or lesq than f7. In the case of coated bolts, these are bolts| having a
_ tolerance on the shank equal to or less thani0.025 mm for shank sizes
equal to or less than 30 mm and a tolerancé equal to or less than f7 for
shank dizes greater than 30 mm.

.2.2.1 Length of plain shank from underhead"(Dimension N) shall be [in steps of:

1 m|up to and including 30 mm) The range of lengths shall
2 wm|above 30 and up to 100-mm) be in accordance with Table [IV.
4 mm|above 100mm )
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3.2.2.2

3.2.2.3

0 3.2.2.4

3.2.2.5

3.2.2.6

The Maximum 1ength of shank to full thread:

M max = N min + 2P + 0.25
Where P = Pitch of thread

Nominal length of thread (See Figure 4):

This shall be computed as follows:

Length of thread = A + (maximum nut height - B) + 3P rounded to the
nearest 0.5

Where A = bolt Tength increment

B # The minimum summation of all counterbores and all.chamfers or
colintersinks at the bearing surface whose nominal diameter|is greater
than the basic major diameter of the nut thread.. Chamfers|and
colintersinks which are equal to the basic major(diameter of the nut
thread are not included.

3P[= 1.5P for lead threads and 1.5P for talerances on clamped parts and
bolt overall length

P # Pitch of thread
Note: The 1.5P lead threads take account of the fact that| the thread
pitch diameter may not conform with the thread specificatipn for a
digtance up to 1.5P from the end of the bolt and therefore/will not be
effective screw threads:
The nominal length_of bolt from underhead (Dimension L, Figure 4) equals:
M max + nominal(length of thread.

Thiis lengthshould be rounded up to the nearest 0.5 mm.
Dipmeter-of Shank - Close Tolerance Shank Bolts, See Table| IV: For
ungcated bolts, the close tolerance shanks shall have the si1ze and

tollerance given by class 'f7' (ANSI B4.2 - 1978) applied to the basic
bolt diameter.

Coated close tolerance shank bolts shall have a maximum shank diameter
given by class 'f' fundamental deviation, applied to the basic bolt
diameter, with a tolerance of 0.025 mm for sizes up to and including

~ 30 mm basic bolt diameter.

Coated close tolerance shank bolts over 30 mm diameter shall have shank
sizes and tolerances given by class 'f7' applied to the basic bolt
diameter.

The maximum thread major diameter shall be modified and made equal to
the minimum shank diameter less 0.025. The minimum thread major diameter
shall remain unchanged. See Table IV for details.
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3.2.2.7 Lead Thread Chamfer: Particulars of chamfer diameter are the same as

For coarse tolerance shank bolts (see 3.2.1.5.)

3.3 Geometric Control: For definitions of the terms “"coarse tolerance” and

"cTose tolerance shank bolts" as used in Tables V and VI, refe
3.2.2.

For interpretation of geometry, refer to AS 3063.

3.3.1 Straightness of shank and thread shall be in accordance with

r to 3.2.1 and

Table V.

3.3.2 Relationship of shank to thread pitch diameter shall be in accordance with

Table VI.

When| the shank length AD is Tess than AC shown in Figune’5,

che coaxiality

tolekance shall be measured at a distance of half of the actyal full shank

Tength from the end of the incomplete thread.

3.3.3 Relaftionship of washer face diameter and spline/hexagon form|to shank
shall be in accordance with Table VI.
For bolts having an unthreaded shank Tength lTess than 1 diameter, the
threpd pitch diameter should replace the shank diameter as dptum Y in
Figure 5 and the tolerances in Table VI related to the threafl pitch
diameter.
3.3.4 Relationship of thread major diameter to shank shall be as shown in
Figure 4.
TABLE V
STRAIGHTNESS OF SHANK AND THREAD
Nominal  Thread Coarse Tolerance Coarse Tglerance
Siqe Shank Shank
3 to 8 ' $0.003L $0.002L
10 to 20 #0.0025L ¢0.0015L

L = BOLT UNDERHEAD LENGTH
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TABLE VI~
RUNOUT OF SHANK IN RELATION - RUNOUT OF WASHER FACE DIAMETER AND
TO THREAD PITCH DIAMETER SPLINES, OR HEXAGON OUTSIDE DIAMETER,
IN RELATION TO SHANK

Nominal Thread Coarse and Close Hexagon Washer Face
Size Tolerance Shank Head and Spline

3 x 0.5 0.1 0.15 0.08

4 x 0.7 0.12 0.2 0.1

5 x 0.8 0.12 0.25 0.13

6 x 1 0.12 0.3 0.15

/1 x 1 0.15 0.,3% 0.18

8 x 1 0.15 0.4 0.2

10 x 1.24 0.15 0.5 0.25

12 x 1.28 0.18 0.6 0.3

14 x 1.5 0.18 0.7 0.35

16 x 1.5 0.18 0.75 0.4

18 x 1.5 0.18 0.75 0.45

20 x T.5 0.21 0.75 0.5 , '
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SEE TABLE VI

T

See Table Il

| lo.08}Y

- U -

e

Pl -
See Table Il |

AD

|Drill Note (Figur

®o.4 (M)

&

bag——~ Refer to 3.3.2

[ THREAD | BB

SEE TABLE VI|Y

'*i“"“t’ .'::i;‘:;ﬂ““
T
AC vomnall
SHANK DIA
|—| SEE TABLE Vv
#| SEE TABLE V1 |BB|
—— — 1]
» AD Refer to 38.3.2
= |
i SHANK DIA . |
i —|SEE TABLE V |
i #1SEE-TABLE V1 |BB|
| - Y - |
|
Pl g——
See Table I
| |o.o8}Y
_U -

FIGURE &
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3.4 Surface Texture: Symbols per ANSI Y14.36-1978; requirements per ANSI

B46.1-197/8.

3.4.1 Surfaces to be 3.2 micrometres except where specified otherwise (see

Figure 6).

3.4.2 Underhead Radius.

!{3.4.2.] When cold rolled, surface roughness to be 0.8 micrometres.

'3.4.2.2 When not cold rolled, surface roughness to be same as that specified for

3.4.3 Shank and Washer Face.

shank and washer face

3.4.3.1 For bolts that require removal of decarburization and/or okide from

shpnk and-washer face, surface roughness to be 0%8 micrometres.

3.4.3.2 Folr bolts ﬁhat do not require removal of decarburization apd/or oxide
from shank and washer face, surface roughness to be 1.6 migrometres.

<§>// OR Sl

Y =/

t. PER PARAGRAFPH
2. PER PARAGRAPH

3.
3,

4.3.1
3.2

4

v

FIGURE 8
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4. GENERAL REQUIREMENTS FOR NUTS (A11 dimensions are in millimetres):

4.1 Nut Dimensions

4.1.1 Spline drive nut configuration shall be in accordance with Figure 7 and
Table VII for nuts of strength class up to 1250 MPa. Higher strength nuts

may require increased flange diameter and thickness.

4,1.2 Plain hexagon nuts shall be in accordance with Figure 8 and Table VIII for

nuts of strength class up to 1250 MPa.

4.2 Geometric Control.

4.2.1 Geometric Control of splined, castellated and hexagdn nuts to
accordance with Figure 10 and Table X.

4.2.2 Chamfer diameter at the end of the thread shall be concentric
thread within an amount that permits the chamfer to be eccenty
the major diameter.

4.3 Surface|Texture: Symbols per ANSI Y14.36-1978
Requirements per ANSI B46.1-1978

4.3.1 Surfages to be 3.2 micrometres Ra except where shown otherwise
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