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SURFACE DISCONTINUITIES ON BOLTS, SCREWS, AND STUDS

1. SCOPE:

This rec

limits for various types of surface discontinuities that may“occur
apparent |during the manufacture and processing of bolts, serews, anf studs
which aré primarily intended for use in automotive assemblies subjected to
severe dynamic stresses and necessitating use of high<strength fastpners

having a

1.1 The bas

requirements.

origina
which t

propriate fatigue resistant properties.

¢ recommended practice does not include inspection sampling
It is intended that the purchaser shall specify, in
inquiry and purchase order, the inspection sampling requijrements
e producer must satisfy to demonStrate the acceptability of bolts

mmended practice defines, illustrates, and specifies allowpble

br become

the

and screws with respect to surface discontinuities. Appendix outllines
inspectjon sampling plans applicable<when such requirements are not
specifigd by the purchaser in the original inquiry, purchase order|, or in
related| specifications.
2. TYPES OF| SURFACE DISCONTINUITEES:
For the purpose of this recommended pfactice, surface discontinuities on
bolts, strews, and studs’ are divided into 10 "types," defined as fqllows:
2.1 crack: | A crack 45 a clean (crystalline) fracture passing through jor across
the grafin boundaries without inclusion of foreign elements. CracKs are
normallly caused by overstressing the metal during forging or othey forming
operatipn,.or during heat treatment. Where parts are subjected tg
significant reheating, cracks usually are discolored by scale.

O
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2.1

2.1

.1 Quench Cracks: Quench cracks may occur during heat treatment due to

excessively high thermal and transformation stresses. They usually
traverse an irregular and erratic course on the surface of the fastener..
Typical quench cracks are shown in Fig. 1.

QUENCH CRACK ACRQOSS TOP OF HEAD, T‘OUENCH CRACK AT QUENCH CRACK,
USUALLY AN EXTENSION OF CRACK IN CORNER OF HEAD . CIRCUMFERENTIAL
SHANK OR SIDE OF HEAD \ QUENCH CRACK .  AND ADJACENT TO

AR " A

L
!

il

TRANSVERSE AT ROOT FILLET
A QUENCH QUENCH CRACK, SECTION
QUENCH CRACK A"I CRACK AT CREST OF THREAD
EXTENDING RADIALLY ;
14

MISSING
INTO FILLET —— [} 7
N I

secTion ArA A‘J LONGITUDINAL QUENCH CRACK QUENCH CRAGK ACROSS

: WASHER FACH AND TO
QUENCH CRACK, AT DEPTH OF WAISHER FACE
ROOT BETWEEN POINTS QUENCH CRACK

THICKNESS

{ =

NOTE: Quench cracks of any depth, any length, or in_dny, location are not permissible discontinuities.

§

FIGURE 1 - Typical Quench Cracks

.2 Forgijng Cracks: Forging cracks may occur during the cutoff or forging

operations and are located on the top of the heads of screws and bolts.
Typicpl forging cracks.are shown in Fig. 2.

Zl-'ORGING CRACK ON TOP OF HEAD

NOTE: Forging cracks are permissible discontinuities if within the limits specified in paragraph 3.5.

FIGURE 2 - Typical Forging Cracks

Seam: Seams are generally inherent in the raw material from which fasteners
are manufactured. They are narrow, generally straight or smooth-curved line
discontinuities, running Tongitudinally on the shank and/or thread. Seams
may extend onto the tops of the heads of circular head products as well as
being present at the periphery of the head. Seams may also extend into the
chamfer circle, washer face, and wrenching flats of hex head products.

Typical seams are shown in F1g 3.

O
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SEAM ON SIDE OF HEX / SEAM, USUALLY A STRAIGHT OR

AND TOP OF FORMED SMOOTH-CURVED LINE DISCONTINUITY
HEAD PRODUCT RUNNING LONGITUDINALLY

2.3 Burst:
on the

[

NOTE: Seams are permissibla discontinuities if within the limits specified in paragraph 3.6.

—

FIGURE 3 - Typical Seams

A burst is an open break in the metal (material). Bursts|may occur
flats or corners of the heads of bolts and screws, at the periphery

of flanged or circular head products, or on the raised periphery of indented

head bd

BURSTS

Tts and screws. Typical burstswxare shown in Fig. 4.

NOTE: Bursis'in raised periphery of indented head bolts ond
scrows(are) permissible discontinuities if within the limits speci-

fied i h 3.7.3.
SE&yprarop NOTE: Bursts in circular head groducts, with or without

recess, are permissible discontingities if within the limits
specified in paragraph 3.7.2,

BU

URST SHEAR—BURST

BURST BURST

NOTE: Bursts and shear bursts are permissible discontinuities if within the limits specified in paragraph 3.7.

FIGURE 4 - Typical Bursts and Shear Bursts
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2.4

2.5

2.6

Shear Burst: A shear burst is an open break in the metal, occurring most
frequently at the periphery of products having circular or flanged heads and
are generally located at approximately 45 deg to the product axis. Shear
bursts may also occur on the sides of hex head products. Typical
discontinuities of this type are shown in Fig. 4.

Void: A void is a shallow pocket or hollow on the surface of the bolt or
screw due to nonfilling of metal during forging or upsetting. Typical voids
are shown in Fig. 5.

%

NOTE: Voids are permissible discontinuities it within the limits specifed in/poragraph 3.8,

vOIDS

FIGURE 5 - Typical Voids on Bearing Surface

Lap: A|lap is a fold-over of metal in‘the threads of screws, bolfs, and
studs. | If laps occur, they generallyishow a pattern of consistengy between
the profuct, that is, laps will be identically located and with the same
directipn of traverse between allproduct. Typical laps in external threads
are shown in Fig. 6A.

LAPS ORIGINATING ON EITHER FLANK LAPS ORIGINATING ON NON-
LAPS ORIGINATING ABOVE H/2 (PITCH LINE) AND WITH TRAVERSE DIRECTED TOWARD PRESSURE FLANK WITH TRA-
ON THE PRESSURE FLANK A0 WTH THE INTERIOR OF THE PRODUCT AND VERSE DIRECTED TOWARD
-T.mv::smzis’gegn PERMISSIBLE WITH A DEPTH THAT DOES NOT EXTEND MAJOR DIAMETER ARE PER-
DISCONTINU TIES BELOW THE H/2 (PITCH LINE) AREPERMISSIBLE  MISSIBLE DISCONTINUITIES

DISCONTINUITIES —

CONTOUR VARIATION
AT MAJOR DIAMETER
S PERMISSIBLE

MAJOR /

DIAMETER 1 - PRESSURE NON-PRESSURE 7
o~ FLANK FLANK
=~
PITCH ¥ ) i :

OIAMETER \
I
MINOR P

DIAMETER

7
Z_ |APS ORIGINATING BELOW THE

LAPS ORIGINATING ON EITHER FLANK

AND WITH TRAVERSE DIRECTED TO H/2(PITCH LINE) ON THE PRESSURE
WARD THE INTERIOR AND WITH A FLANK AND WITH TRAVERSE
DEPTH EXTENDING BELOW THE LAPS ORIGINATING IN ROOT OF DIRECTED TOWARD THE MAJOR

H/2 (PITCH LINE) ARE NON'PERMISSIBLE THREAD ARE NON-PERMISSIBLE DIAMETER ARE NON-PERMISSIBLE

DISCONTINUITIES DISCONTINUITIES DISCONTINUITIES

NOTE: Thess requirements apply to ail bolts and screws except tapping screws with spaced threads,

FIGURE 6A - Surface Discontinuities in External Screw Threads

(
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FIGURE 6B - Starting Serration Marks

2.7 Fold: R fold is a doubling over of metal which may ocCectr during tlhe forging
operatipn. Folds may occur at or near the intersection of diamete

r changes
and are| especially prevalent with noncircular necks, shoulders, and heads.
Typical| folds are shown in Fig. 7.

“CLOVER LEAF" FOLD IN NON-
CIRCULAR SHOULDER FASTENER

— FOLD AT-INTERIOR CORNER FOLD AT INTERIOR CORNER—\

T (

< FOLD AT EXTERIOR CORNER

VAN

[

NOTE: Folds in interior corners at or below the bearing surface are not permissible discontinvities, Folds ot exterior corners are permissible discontinvities if within the limits specified in paragraph 3.4

FIGURE 7 - Typical Folds

2.8 Tool Marks: Tool marks are longitudinal or circumferential grooves of
shallow depth produced by the movement of manufacturing tools over the
surface of the fastener. Typical tool marks are shown in Fig. 8.
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Nick or
fastene
contact

LIMITS F

4— TOOL MARK FROM TRIMMING OPERATION

NOTE: Tool marks are permissible discontinuities if within the limits specified in paragroph 3.9,

FIGURE 8 - Typical Tool Marks
Gouge: A nick or gouge is an indentation on the surface g
r, produced by forceful abrasion or the impact.of product ¢
with other product or manufacturing equipment during manuf

DR SURFACE DISCONTINUITIES:

- largest

Letter
nominal
except

diamete
millime

Quench

Definitions: Throughout the following requirements, D desi
size (basic major diameter of thread) of bolts, screws, an
for bolts and screws with shoulders, in which case D desigr
shoulder diameter. F designates the nominal flange diamet
r of products having circular heads. For metric-series prg
ter; for inch-series products, use inch.

Craéks: Quench cracks:-of any depth, any length, or in any

are not

Laps in

permitted. (See 2%V.1 and Fig. 1).

Screw Threads: Laps of any depth and any length which (a)

present
travers
the bol
pressur]
(This r

threads|.

in the root(of the screw thread, or (b) originate on the f
e toward the.interior, and extend in depth below the pitch
t, screwslor stud, or (c) originate below the pitch line or
e flank.and traverse toward the major diameter, are not per
equistement is not applicable to tapping screws having space
). €See 2.6 and Fig. 6A.) When approved by the purchaser

threads

caused by the serrations on thread rolling dies (see Fig.

be excl

Folds:

uded from these requirements.

f the
oming into
acture.

gnates the
d studs,
ates the
er or head
ducts, use

location,

are
lank,
line of
the
mitted.
d
marks on
6B) shall

.1 Folds located in internal corners at or below the bearing surface, for

example, in the fillet at the junction of head and shank, are not

permitted.
2 Folds located at the intersection of the flange periphery and bearing
surface, are not permitted (See 2.7 and Fig. 7.)
Forging Cracks: Forging cracks on the top of head bolts and screws shall

not exceed a length of 1 D or a width or depth of 0.20 mm (0.008 in)

+0.010

D.

PN
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3.6 Seams:

For metric-series bolts, screws and studs, seams in the s

hanks shall

not exceed (a) an open width at the surface of 0.13 mm for sizes 6.3 to
12 mm, inclusive, and 0.25 mm for sizes 14 mm and larger, and (b) a depth of
0.015 D + 0.10 mm for sizes 6.2 to 16 mm, inclusive, and 0.030 D for sizes

over 16 mm.

(See 2.2 and Fig. 3)

For inch-series bolts, screws and studs, seams in the shanks shall not
exceed (a) an open width at the surface of 0.005 in for sizes 1/4 to 7/16
in, inclusive, and 0.010 in for sizes 1/2 in and larger, and (b) a depth of
0.015 D + 0.004 in for sizes . 1/4 to 5/8 in, inclusive, and 0.030 D for sizes

- over 5/8 in.

(See 2.2 and Fig. 3.)

Seams
beyond

3.7 Bursts

3.7.1 Burs

open

pxtending into the heads and flanges of fasteners which @o
the 1imits specified for bursts are acceptable.

and Shear Bursts:

s in the flats of hex bolts and screws shall -not exceed a
depth of 0.25 mm (0.010 in) +0.025 D. In addition, no bur

extend into the bearing surface, nor shall any burst occurring

inte
the

have

rsection of two wrenching flats reduce the width across cor
specified minimum. (See 2.3 and 2.4 and Fig. 4.)

Flanges of bolts and screws and peripheries of circular head pr

two or more bursts or shear bursts providing that only one

width greater than 0.13 mm (0.005 in) +0.020 F or an open depth

than
have
0.15

Burs
exce
than

0.08 mm (0.003 in) +0.012 F;%in addition, this one burst s
a width exceeding 0.25 mm~(0.010 in) +0.040 F or an open d
mm (0.006 in) +0.024 F.

pd a width of 0.25'mm (0.010 in) +0.020 D, or have a depth
the height of the raised periphery. (See 2.3 and Fig. 4.)

3.8 Voids

pbn_Bearing Surface: Voids on the bearing surface of bolts

shall
voids

surface.

by pur

3.9 Tool M

ot exceed & depth of 0.25 mm (0.010 in) and the combined a
hall notyexceed 5% of the specified minimum area of the be
The>method for determining area of voids shall be as ag
haser” and producer.

hot open

width or an
st shall

bt the

ners below

pducts may
has a
greater
hall not
epth of

Fs in the raised periphery of indented head bolts and screws shall not

greater

and screws
rea of all
aring

reed upon

urface

roughness measurement of 2.8 um (110 pin) determined as the arithmetic

average deviation from the mean surface.

3.10 Nicks

(See 2.8 and Fig. 8.)

and Gouges: Nicks and gouges located in the threaded leng

th shall

not be of size and number which will interfere with assembly of the proper
GO thread gage on the thread with the application of not more than 0.06

times

screw, or stud size in inches.

DN - m (12 times D in-1b) of torque, where D is the nomina
The manufacturer shall exercise

1 bolt,
due care

during the manufacture and handling of parts to minimize the number and
magnitude of nicks and gouges.
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4. INSPECTION PROCEDURE

Bolts, screws and studs shall be inspected in accordance with the procedures

outlined in 4.1 and 4.2, unless otherwise specified by purchaser.

4.1 Visual Inspection: A representative sample] shall be picked at random
from the lot. The sample shall be examined visually for quench cracks,
bursts, shear bursts, forging cracks, folds, tool marks, seams, voids on the

bearing surface, and nicks and gouges.

4.1.1 If an

at or| below the bearing surface, the lot shall be subject to re]
4.1.2 1If any part is found with seams, bursts, shear bursts, forging ¢
arks, voids, or nicks and gouges which exceed the alHowab]

4.2 Seam and Lap Inspection: The same sample (if acceptable by visual
inspectfion) shall then-be further examined for Japs in threads anc
deep (sjurface) acid-etch or magnetic-inspection“techniques (Magna-
Magna-fllux, eddy current, etc.). (NOTE: Other examining procedur
viding they have an equivalent abiTlity to detect discontin

specified in 3.3 and 3.6.)

1 corners
ection.

racks,
e limits
graph 3,

seams by
glo,
es may be
uities of

4.2.1 A1l parts showing indications whichicould be interpreted as seams shall be
set aside. From this group, a secondary sample! shall be pickeqd at
random and each part in this sample sectioned through the shank
perpendicular to the axis and etched for microscopic examination. The

sectifon should be through-<the unthreaded body adjacent to the thread
runoyt. For bolts and screws which are threaded to the head, the section
shoulld be taken wheretthe seam indication intersects the root of the
thread at a distance of approximately one D from the underside ¢f the

head,| where D is nominal size of bolt or screw. (A recommended|procedure
is odtlined in ASTM E 3, Methods of Preparing Metallographic Spgcimens.)

If during the<microscopic examination any part is found having
a depth in excess of the limit specified in 3.6, the lot shall

seam with
e subject

to regjection.

1See Appendix.
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4.2.2 Laps_in Screw Threads: All products showing indications of Taps in
threads shall be set aside. If the original sample examined in 4.2
inspected using magnetic techniques, this same sample (if acceptabl
inspection in 4.1) shall again be examined by magnetic inspection
techniques but with the direction of flow of magnetization current
so as to detect discontinuities located transverse to the bolt or s
axis. (NOTE: During this inspection, attention should also be giv
examining the product for indications showing transverse quench cra
folds in internal corners as these discontinuities are sometimes no
readily seen in visual examination.) From the products set aside,
specimens shall be selected at random, surface etched, and examined
visugtty—todetermime—that—thepatternof—taps—is—reasomabty—consis
betwden products. One of the five specimens shall be sectioped
Tongiltudinally on the center line of the part and on a plapejypassin
throygh the point at which any lap extends closest to theominor|dia
of tHe thread and the section etched for microscopic examination.
during the microscopic examination any lap is found with“a location
diredtion of traverse which classifies the lap as nonpermissible, t
shalll be subject to rejection.

the
was
e by

changed

crew
en to

cks or

t
five

tent

g
meter

If
and

he lot
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