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MATERIAL SPECIFICATIONS
[luuod 6-30-6k
SOCIETY OF AUTOMOTIVE ENGINEERS, inc. 485 Lexington Ave., New York 17, N.Y. || Revised
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BOLTS AND SCREWS, TITANIUM ALLOY
6Al - 4V
Upset Headed, Heat Treated, Roll Threaded
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to conform to or be guided by any technical re

use by anyone engaged in industry or trade is e
patents which may apply to the subject matter.

1. ACKNOWLEDGMENT: A vendor shall mention this specification number in all quota-
tions and when acknowledging purchase orders.

2. APPLICATION: Premium quality bolts and screws for use up to 600 F (315 C) where a
high str i i r-is chulx ed:
3. MATERIAL: Shall be AMS 4928 titanium alloy.

4. FABRICATION:

4.1 Blankg: Heads shall be formed by hot upsetting.
4.2 Heat Tlreatment:

4.2.1 Heating Equipment: Furnaces may be any type ensuring uniform temperature control
throughout the parts being heated and shall be equipped with, and operated by, auto-
mati¢ temperature controllers. The'heating medium or atmosphere shall cause
neither surface hardening nor embrittlement.

4.2.2 Solution Heat Treatment: Blanks shall be uniformly heated to a temperature approxi-
mately 50 F (28 C) below the beta transus as determined on the hegt of material from
which blanks are made, held at the selected temperature within + 15 F (+ 8.3 C) for
30 - B0 min., and quenched in water.

4.2.3 Precipitation Heat Treatment: Solution heat treated blanks shall be heated to a tem-
perafure within the range of 900 - 1100 F (482.2 - 593.3 C), held gt the selected tem-
perafure within + 10 F (+ 5.6 C) for 4 - 8 hr, and cooled in air.

hination Removal: he golution and precipitation heg eated blanks, before
rolling the threads, shall be free from all surface contamination and contamination
penetration caused by prior heat treatment. The contamination removal process shall
produce no intergranular attack, corrosion, or changes of structure of the blanks.

The metal removed from the bearing surface of the head shall be as little as practicable
to obtain a clean, smooth surface and in no case shall be greater than 0.010 inch.
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4.4 Cold Working of Fillet Radius: After removal of contamination as in 4.3, the head to
shank fillet radius of parts shall be cold worked; the working operation shall be suffi-
cient to remove all visual evidence of grinding or tool marks. Distortion due to cold
working shall not raise metal more than 0.001 in. above the contour at "A'" or depress
metal more than 0,001 in. below the contour at '"B" as shown in Fig. 1; distorted areas
shall not extend beyond ""C'" as shown in Fig. 1. In configurations where an undercut is
associated with the fillet radius, the cold working will be required only for 90 deg of
fillet arc, starting at the point of tangency of the fillet radius and the washer face.

4.5 Thread Rolling: Threads shall be formed by a single rolling process after removal of
contamination as in 4. 3.

5. TECHNICAL REQUIREMENTS:

Flow lines of upset heads shall conform to the generaParrangement shown

5.1 [Flow Lineg:
in Fig. 2A|, 2B, or 2C. The intersection of the longitudinal axig)of the part and the
approximate transverse axis of the flow lines shall be not less than D/4 inl from the
bearing surface for hexagonal, round, and square head parts and not less than D/6 in.
from the bearing surface for 12 point head parts wherelD"is the nominal diameter of the
shank after heading.

5.2 Threads:

5.2.1 Flow lings at threads shall be continuous;-shall follow the general thread contour, and
shall be of maximum density at root of thread (See Fig. 3).

5.2.2 Root defgets such as notches, slivers, folds, roughness, or oxide scale pre not per-
missible|(See Fig. 4).

5.2.3 Multiple laps on the sides.of threads are not permissible regardless of l¢cation.
Single laps on the sides of threads that extend toward the root are not permissible
(See Figd. 5 and 6) '

the basic
irallel to the
side (See Fig. 7). A single lap is permissible along the side of the thread above the
pitch diameter on either the pressure or non-pressure side (one lap per thread) pro-
vided it extends toward the crest and generally parallel to the side (See Fig. 8). Basic
thread height is defined as being equivalent to 0.650 times the pitch (See Table I).

5.2.5 Crest craters, crest laps, or a crest lap in combination with a crest crater are per-
missible, provided the imperfections do not extend deeper than 20% of the basic
thread height (See Table I) as measured from the thread crest when the thread major
diameter is at minimum size (See Fig. 9). The major diameter of the thread shall be
measured prior to sectioning. As the major diameter of the thread approaches maxi-
mum size, values for crest crater or crest lap imperfections listed in Table I may be

increased by 1/2 the difference between the minimum major diameter and the actual
major diameter as measured on the part.
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Slight deviations from thread contour are permissible at the crest of the thread within
the major diameter limits as shown in Fig. 10 and at the incomplete thread at each end
of the threaded section.

Parts having holes for locking devices are permitted to have slight ovalization of the
hole and the countersink and slight flattening of the crest of the thread at the counter-
sink, provided the diameter of the hole is within specified tolerances.

Parts shall have a minimum thread run-out of one thread and a maximum of two threads.
The run-out shall fair onto the shank eliminating any abrupt change in cross sectional
area. Bottom and sides of threads contained in run-out shall be filleted, smooth, and
devoid of abrupt tool stop marks.

All thread elements shall be within specified limits starting.at a lepgth 2 times the
pitch|from the end, including chamfer, and extending for the speciflied full thread
length.

Straightness, Concentricity, and Squareness: Foripurposes of thesg inspections, shank
and thyeads shall be included but shall be considered as separate elgments of the part.

Straightness of Shank and Threads: Shankcand threads shall be stnaight within the
limitp specified on the drawing for the total length (L) of the part upder the head
(See [Fig. 11). Visibly abrupt changes;in diameter or shape of the phank and threads
whicl[ might cause stress concentrations are not permissible.

Concentricity of Thread Pitch-Diameter: The concentricity of thr¢ad pitch diameter in
relatjon to shank diameter(shall be within the limits specified on the drawing for a dis-
tancq of not less than 1.5 times the nominal part diameter away fr{m the last full

thredd along the shank (See Fig. 12). For parts having a shank length less than 1.5
timeg the nominal part diameter, the concentricity of the shank diagmeter over its full
length in relation to the thread pitch diameter shall be within the limits specified on the
drawing.

Concpntricity of Head: The concentricity of the head in relation to[the shank diameter
shall| be,within the limits specified on the drawing for a distance of|not less than 1.5
times tThe nominal part diameter away from the washer face along the shank (See Fig.13).
For parts threaded to the head and for parts having shank length less than 1.5 times

the nominal part diameter, concentricity of head shall be measured in relation to thread
pitch diameter in lieu of shank diameter.

Squareness of Washer Face: The squareness of the washer face with the shank dia-
meter shall be within the limits specified on the drawing for a distance of not less than
1.5 times the nominal part diameter away from the washer face along the shank

(See Fig. 12). For parts threaded to the head and for parts having a shank length less
than 1.5 times the nominal part diameter, squareness of washer face shall be measured
in relation to thread pitch diameter in lieu of shank diameter.
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5.4 Structure:

5.5

Parts shall show microstructure free from indications of overheating re-
sulting from heating above the beta transus without subsequent working in the alpha-
beta temperature range. Slight overheating on and adjacent to the top of the head is
permissible provided that the depth of overheating is not greater than 0.003 in.; mea-
surements shall be made normal to the top of the head. A structure showing outlines of
equiaxied beta grains and no primary alpha grains will be cause for rejection.

cold worki

ng of the head to shank fillet radius and rolling of the threads.

Surface Hardening: Parts shall have no surface hardening except as produced during ‘

Determina-

tions of surface hardening may be made by microscopic method or by a sensitive hard-
ness testing instrument.
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Properties:

ile Test Specimens:

Parts shall conform to the requirements of 5.6.1 and 5,602,
meeting the requirements of 5.6.3.
|

roperties:

ed Parts: Shall have breaking load not lower than specified in
d in fixtures so that at least three full threads are exposed in th
size or shape of the part is such that failure would occur outsidg
n but the part can be tested satisfactorily, such as parts having

If the size-or shape of the part is such that

specimens of the material heat treated with the parts, and ha
Tests shall
ain rate of 0.003 - 0,007 in. per in. per min. through the yiel
vhich the rate shall:be increased so as to produce failure in app
ditional minute” “When a dispute occurs between purchaser and
1d strength values, a referee test shall be performed on a test

ensile Strength, psi 160, 0(

a strain rate pacer, using a rate of 0.005 in. per in, per minug

and shall be

Table II when
b gage section.
t the threaded
a reduced

diameter or an undercut, parts shall‘conform to the requirements of 5.6.1.2.

a tensile test
ished parts,
ying un-

| be conducted
1 strength,
roximately
vendor over
machine

€.

0 min

eld'Strength at 0., 2% Offset or at 0.0222 in.

Elongation, % in 4D

Reduction of Area, %

)0 min
8 min

20 min

5.6.2 Hardness: Shall be uniform and within the range of Rockwell C 36 - 42 or equivalent,
but hardness of the threaded portion and the head to shank fillet area may be higher as
a result of the cold working operations.

5.6.3 Fatigue Strength: Parts tested in tension-tension fatigue at room temperature with
maximum load as specified in Table II and minimum load equal to 256% of maximum
load shall have average life of 30,000 cycles with no part having life less than 15,000

cycles. Tests need not be run beyond 60,000 cycles.

Life of parts which do not fail

in less than 60,000 cycles shall be taken as 60,000 cycles for purposes of computing

average 1

ife.
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QUALITY: Parts shall be uniform in quality and condition, clean, sound, smooth, and free
from burrs and foreign materials and from internal and external imperfections detrimental
to their performance.

cracks, shall be cause for rejection.

.1 Parts subject to fluorescent penetrant inspection shall conform to the following standards.

.1.1 Discontinuities transverse to grainflow, such as pipes, grinding checks, and quench

Longitudinal indications of surface seams and forming laps parallel to grainflow are ac-

ceptable within the following limits, provided the separation between indications is not

less than 1/16 in. in all directions.
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dic
not
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Thi

pth of each indication may be the full height of the surface. No
ak over either edge to a depth greater than 1/32 in, 6r'the equi
bad height (See Table I), whichever is less.

of Head and End of Stem: A maximum of 3 surface indication
mitted provided the length or diameter of any individual indicat
2 in. or the equivalent of the basic thread height (See Table 1),

nk or Stem: A maximum of 5 indieations is permitted. The Ig
ntion may be the full length of the“surface but the total length of
exceed twice the length of theysurface. No indication shall bre
r an edge.

reads: There shall beno indications of cracks, seams, pipes,

thr
in ]

REPORT
three cop
requirem
determin

pads as shown by Figs. 4, 5, and 6 except that indications of sl
Figs. 7, 8, and-9.will be permitted.

5: Unless otherwise specified, the vendor of parts shall furnis
ies of alréport stating that the chemical composition of the pa
ents/of the.applicable material specification and showing the re
b conformance to the requirements of this specification. This

the purc

material, part number, and quantity.

bs of Head: A maximum of 3 surface indications per head is permitted and the

indication shall
valent of the basic

5 in each area is
jon does not exceed
whichever is less.

ength of any one in-
all indications shall
nk into a fillet or

or rolling laps in
ight laps as shown

h with each shipment
s conforms to the
ults of tests to
eport shall include
irect supplier of

REJECTIONS: Parts not conforming to this specification or to authorized modifications
will be subject to rejection.
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1 IT/
CJ
C —» L
Nopninal Bolt

Diameter C, max

Under 303125 00062

0.3125| and 0.37S 0.09L

0.L375| - 0,625, incl 0.125

0.750 |- 1.000, incl 0.156

Over 1,000 0.188

PERMISSIBLE DISTORTION FROM FILLET WORKING
Figure 1
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FLOW LINES - ROLLED THREAD
Figure 3

/N /\

NOT PERMISSIBLE \\/

ROLLED THREAD
Figure UL

NOT PERMISSIBLE

ROLLED THREAD

Pigure 5

NOT PERMISSIBLE /

ROOT

ROLLED THREAD
Figure 6
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NON-PRESSURE SIDE

ESEE NOTE A

NOT LESS THAN
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PERMISSIBLE

ROOT

PERMI

SSIBLE

20% OF BASIC
THD HEIGHT

ROLLED THREAD
Figure 7

MAXIMUM PERMISSIBLE DEFECT
OF BASIC THREAD HEIGHT (SEE.TABLE I)

(SEE TABLE I)

l—'SEE NOTE A

20%

/

NOTE A.

7\
\/

ROOT

BASIC THD HEIGHT

DEPTH OF DEFECT EQUALS 20% OF BASIC THREAD

HEIGHT

PLUS“1/2 THE DIFFERENCE OF THE ACTUAL

MAJOR DIAMETER AND MINIMUM MAJOR DIAMETER.

NN
A\

ROLLED THREAD
Figure 8

TOL ON
MAJOR
DIA

PERMISSIBLE

ROLLED THREAD

Figure 9

ROQT

— MAX MAJOR DIA

—MIN MAJOR DIA

ROLLED THREAD
Figure 10
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