d practices recommended, are advisory only. Their use by anyone engaged
recommended practice, and no commitment to conform to or be guided by
tees will not investigate or consider patents which may apply to the subject

0

““All technical reports, including standards appr

industry or trade is entirely voluntary. There is no agreement to adhere to any SAE stan

E Technical Board rules provide that:
matter. Prospective users of the report are responsible for protecting themselves against liability for infringement of patents.”

any technical report. In formulating and approving technical reports, the Board and its Commit
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AEROSPACE
MATERIAL SPECIFICATIONS

AMS 7478F

Superseding AMS T478E

Issued

SOCIETY OF AUTOMOTIVE ENGINEERS, Inc. 485 Lexington Ave., New York, N. Y. 10017 Revised

2-15-53
4-15-67

BOLTS AND SCREWS, STEEL, CORROSION AND HEAT RESISTANT
Heat Treated, Roll Threaded
1800 F (982. 2 C) Solution and Precipitation Heat Treated

1. ACKNOWLEDGMENT: A vendor shall mention this specification number and its revision letter in all

quotations and when acknowledging purchase orders.

2. APPLICATION: High quality bolts and screws for use up to 1200 F (649 C) where stress-rupture
strength and

¢3. MATERIAL:

3.1 Stock: Sto

g

4, F

4.1
g

4.2

4,2.1

4.2.2

4.2.3

4.3

or rolling 3
processed,
as above sh
be in the sdg

ABRICATI

Blanks: H

[CTEEp resistance are of primary fmportance.

Shall be AMS 5736 steel, unless otherwise specified on the drawing.

rk for upsetting shall be reduced 15 - 25% in cross sectional afea during
t a temperature not higher than 1600 F (871 C) unless stock‘is so reduce
during manufacture of parts, to prevent grain growth during heat treatm

the final drawing
1 or is otherwise
ent. Stock reduced

all have hardness of Brinell 201 - 285 or equivalent. ‘When heads are mpchined, stock shall

lution heat treated or the as fabricated condition before machining.
DN':

pads shall be formed by hot forging, coldforging, or machining. Headin|

forged shalll not be heated to a temperature higherthan 2100 F (1149 C).

Heat Treat]

Heating B

ment:

quipment: Furnaces may belany type ensuring uniform temperature thrg

being hea

ed and shall be equipped with, and operated by, automatic temperature ¢

heating mledium or atmosphere shall cause no surface hardening by carburizing or

Solution H

eat Treatment: (Blanks, unless machined from solution heat treated sto

rolling th

Precipita

b threads, be_sSplution heat treated in accordance with the applicable mat

bion Heat (Treatment: After thread rolling as in 4. 4, the parts shall be p

treated in

Oxide Rem

accordance with the applicable material specification.

& stock to be hot

ughout the parts
ontrollers. The
nitriding.

ek, shall, before
brial specification.

recipitation heat

bvdl:

4.3.1 The solution heat treated blanks, before rolling the threads, shall have the full body and the bearing
surface of the head free from all surface oxide and oxide penetration caused by prior heat treatment.
The metal removed from the bearing surface of the head and the full body diameter of the blank shall
be as little as practicable to obtain a clean, smooth surface and in no case shall be so great as to
produce more cutting of flow lines in the head to shank junction than shown in Fig. 1B.

g

4,.3.2

4.4

After precipitation heat treatment, parts shall be treated to remove all surface oxide and oxide pene-

tration caused by heat treatment.

or corrosion of the parts.

The oxide removal process shall produce no intergranular attack

Thread Rolling: Threads shall be formed by a single rolling process after removal of oxide as in

4.3.1.

Copyright 1967 by Society of Automotive Engineers, Inc.

Printed in U.S.A.
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5. TECHNICAL REQUIREMENTS: When ASTM methods are specified for determining conformance to the
#  following requirements, tests shall be conducted in accordance with the issue of the ASTM method listed
in the latest issue of AMS 2350.

5.1 Flow Lines: Flow lines of upset heads on parts, when a longitudinal section through the part is electro-
lytically etched in a suitable solution and examined at approximately 10X magnification, should follow the
contour of the shank, head to shank fillet, and bearing surface, as shown in Fig. 1A. Slight cutting of
flow lines by the oxide removal process of 4. 3. 1 is permissible, as shown in Fig. 1B, but excessive

g cutting of flow lines in the shank, head to shank fillet, and bearing surface, as shown in Fig. 1C, is not
permissible except when an undercut is associated with the fillet radius. In case of dispute, a 10%
oxalic acid solution shall be used for etching. The head style shown in Figs. 1A through 1C is for illus-
trative purposes only but other symmetmcal head styles shall conform to the above requirements. Flow
lines in parts having unsymm : : : croed-upen-bypur and-vendor.

5.1.1 Examination for Internal Defects: Visual examination of longitudinal sections of the head and shank and
of the threads, after etching in approximately 50% hydrochloric acid (sp gr 1.19), 20% hydrofluoric acid
(sp 8r 1. 15), (4% nitric acid (sp gr 1. 42), and 26% water for 10 - 30 min. atroom temperature, shall
# reveal no crapks, laps, or porosity. The head and shank section shall extend not less than D/2 in.
from the washer face of the part and the threaded section shall extend not less than D/2 in. beyond the
thread runout}, where "D" is the nominal diameter of the shank aftef heading. If the two sections would
overlap, the ¢ntire length of the bolt shall be sectioned and examined as a whole.

5.2 Threads:

5.2.1 Flow lines at|threads shall be continuous, shall follow.the general thread contour, and shall be of maxi-
mum density at root of thread (See Fig. 2).

5.2.2 Root defects guch as notches, slivers, folds, roughness, or oxide scale are not permissible (See Fig. 3).

5.2.3 Multiple lapsjon the flanks of threads are not permissible regardless of location. Single laps on the
flanks of threpds that extend toward the root are not permissible (See Figs. 4 and 5).

5.2.4 There shall bp no laps along the flanks of the thread below the pitch diameter. (See Fig. 6). A single
lap is permispible along the flank of the thread above the pitch diameter on either the pressure or non-

g pressure flank (one lap at any ‘eross section through the thread) provided it extends toward the crest and

~ generally parallel to the flank (See Fig. 6).

5.2.5 Crest craterd, crestlaps, ora crest lap in combination with a crest crater are permijssible, provided
the imperfectjons do not extend deeper than 20% of the basic thread height (See Table 1) as measured
from the thread crest when the thread maJor d1ameter 1s at minimum s1ze (See Flg 7). The major
diameter of the-threadshallb H : : er-of the thread ap-
proaches maximum size, values for crest crater or crest lap nnperfectlons 11sted 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.

5.2.6 Slight deviations from thread contour are permissible at the crest of the thread within the major dia-
meter limits as shown in Fig. 8 and at the incomplete thread at each end of the threaded section.

5.2.7 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 countersink, provided the diameter of
the hole is within specified tolerances.
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5.2.8 Thread runout is that portion of the threaded part between the end of the full thread and the beginning of

the unthreaded shank or, if there is no unthreaded shank, the head to shank fillet radius (See Figs.

9A, 9B, 9C, and 9D). For full shank parts, thread runout shall comprise the incomplete threads and a
portion of the blank diameter from which the thread is rolled (See Fig. 10A or 10B). For relieved shank
parts having shank diameter equivalent to the blank diameter from which the thread is rolled, thread
runout shall comprise the incomplete threads only (See Fig. 10C). The end of the full thread is that
point on the root of the thread nearest to the shank or head up to which the thread conforms to the thread
specification.

5.2.8.1 Full shank parts shall have a minimum thread runout of one thread and a maximum of two threads.

g

The transition between the blank diameter and the full shank diameter shall consist of a radius ""A"
and either a taper as in Fig. 10A or a shoulder as in Fig. 10B. . The radius ""A" shall be not less than
the amount spec1f1ed below; for parts hav1ng only a rad1us w1th no chamfer, between the runout

S dian : W reomp rread shall not encroach

upon c'adius MAM.

Threads Radius "A"
per Inch Inch
Over 28 0. 005
28 - 13 0. 010

12 - 10 0:.015

9- 8. 0. 020

5.2.8.2 Relieyed shank parts, having a shank diameter equivalent to the blank diameter from which the thread

is rolled, shall have a minimum thread runout.of 0. 625 x thread pitch and a maximum of two threads.

5.2.8.3 For parts threaded to the head, unless otherwise specified on the drawing, dimension "X" (See

Figs.|11A and 11B) between the end of the'full thread and the bearing surface ¢f the head shall be as
follows:

X min (rounded to three decimal places) = 1. 5 x thread pitch + B maximum.
X max = X min +,0:020 inch.

The runout shall be as-defined in 5. 2. 8.1 for the full shank condition and in 5.R. 8. 2 for the relieved
shank| condition but shall not encroach upon the head to shank fillet radius ""B"

5.2.8.4 The flanks and(the flat at the root of the incomplete thread shall be joined by rpdii which blend with

the flanks and-the flat and are smooth and devoid of abrupt tool stop marks; th¢se radii shall be not
smaller than the minimum root radius specified for the complete threads except that slight deviation
t at the root of the

ial length not less than
0. 625 x thread pitch and shall blend smoothly with the blank diameter from which the thread is rolled.

5.2.9 All thread elements shall be within specified limits starting at a length 2 x the pitch from the end, in-

5.3

cluding chamfer, and extending for the specified full thread length.

Straightness, Concentricity, and Squareness; For purposes of these inspections, shank and threads shall
be included but shall be considered as separate elements of the part,

5,3.1 Straightness of Shank and Threads: Shank and threads shall be straight within the limits specified on the

drawing for the total length (L) of the part under the head (See Fig. 12). Visibly abrupt changes in dia-
meter or shape of the shank and threads which might cause stress concentrations are not permissible.
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5.3.2

5.3.3

5.3.4

5.4

5.5

5.5.1 Tensile Propgrties:

5.5.1.

g

Concentricity of Thread Pitch Diameter: The concentricity of thread pitch diameter in relation to
shank diameter 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 last full thread along the shank (See Fig. 13). For parts
having a shank length less than 1.5 times the nominal part diameter, the concentricity of the shank
diameter over its full length in relation to the thread pitch diameter shall be within the limits specified
on the drawing,

Concentricity 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 the nominal part diameter
away from the washer face along the shank (See Fig. 14). 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: € squareness ol the washer 1ac bter shall be
within the 111;tts 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. 14). For parts threadgd to the head
and for parts|having a shank length less than 1.5 times the nominal part diameter, sqpareness of
washer face shall be measured in relation to thread pitch diameter in lieu of ‘Sshank digmeter.

Structure: Parts shall have microstructure of completely recrystallized material except in the area of
the threads. (rain size shall be 5 or finer, by comparison of polished and etched speclmens with the

chart in ASTM|E112. Up to 25%, by area, of abnormally large grains will be permitted in any specific
area of 100 or more adjacent grains; abnormally large grains dre ‘defined as grams more than 3 ASTM
numbers coarser than the average grain size of the part.

Properties: Parts shall conform to the requirements of\5.5.1.1 or 5.5.1.2, as applicgble, and to the
requirements qf 5. 5. 3 and shall be capable of meeting'the requirements of 5. 5. 2. . Threaded members
of gripping fixtures shall be of sufficient size and strength to develop the full strength of the part without
stripping the tHread. For tensile and stress-rupture tests on finished parts, the parts [shall be aligned
in fixtures so that there are 2.5 - 3 full threadsexposed between the loading members. '

1 Finished Pajrts: Shall have breaking load not lower than specified in Table II. If the size or shape of
the part is ;uch that failure would occur outside the threaded section but the part can be tested satis-
factorily, such as parts hdving a reduced shank diameter or an undercut, parts shall conform to only
the tensile gtrength requirement of 5.5.1.2.

5.5.1.2 Tensile Test Specifiiens: If the size or shape of the part is such that a tensile test cannot be made on

g

the part, tehsile.test specimens machined from finished parts, or from coupons of the material heat
treated with|{ the parts, to the dimensions shown in ASTM A370 shall conform to the fpllowing require-
ments; the diameter on which stress is based shall be the actual measured minimum diameter of the

specimen:
Tensile Strength, psi 130, 000 min
Yield Strength at 0. 2% Offset or at 0. 0098 in,
in 2 in. Extension Under Load (E = 29,100, 000), psi 85, 000 min
Elongation, % in 4D 15 min
Reduction of Area, % 20 min

5.5.2 Stress-Rupture Strength at 1200 F (648.9 C):

5.5.2.1 Finished Parts: A part, maintained at 1200 F + 3 (648.9 C + 1. 7) while the axial load specified in

g

Table II is applied continuously, shall not rupture in less than 23 hours. If the size or shape of the
part is such that failure would occur outside the threaded section, but the part can be tested satis-
factorily, such as parts having a reduced shank diameter or an undercut, parts shall conform to the
requirements of 5. 5. 2. 2.
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5.5.2.2

Test Specimens:

the part, tensile test specimens machined from the part, or from coupons of the material heat treated
with the parts and having unnotched gage sections, maintained at 1200 F + 3 (648.9 C + 1.7) while an
axial stress of 65,000 psi, unless other stress is specified in the applicable material specification,

is applied continuously, shall not rupture in less than 23 hours.
stress is based shall be the actual measured minimum diameter of the specimen.

-5 -
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If the size or shape of the part is such that a stress-rupture

The diameter

test cannot be made on

of the area on which

5.5.3 Hardness: Shall be uniform and within the range of Brinell 248 - 341 or equivalent but hardness of the
threaded portion may be higher as a result of the thread rolling.

6. 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.

6.1 Parts subj

6.1.1 Discontiuities transverse to grainflow (i.e., at an angle of more than 10,deg ‘to 4
g  suchasg

6.1.2

6.1.2,1

6.1.2.2

6.1.3 Threads:
g 3, 4, ang

6.1.4 Top of H

Longitud
forming

[/ tween ing
tions oth

greatgr than 1/32 in. or the equivalent of the basic thread height (See Table I),

frinding checks and quench cracks, shall be cause for rejection.

aps parallel to grainflow are acceptable within the following limits, proy
lications is not less than 1/16 in. in all directions.
er than surface seams and forming laps shall be cduse for rejection.

of Head: A maximum of 3 surface indications‘per head is permitted and
bn may be the full height of the surface. Nelindication shall break over ¢

ngth of the surface but the total léngth of all indications shall not exceed
e. No indication shall breakinto a fillet or over an edge.

There shall be no indications of cracks, seams, or rolling laps in thre
5 except that indications of slight laps as shown by Figs. 6 and 7 will bd

pad and End of Stem: Indications are permitted provided that the depth o

g  tion does
an edge.

material sp
quirements of this specification.

REPORTS:
a report sta

not exceed 0..010 in., as shown by sectioning representative samples, a

Unless otherwise specified, the vendor of parts shall furnish with each

ect to fluorescent penetrant inspection shall conform to the following stapdards.

he axis of the shank),

Inal indications (i. e., at an angle of 10 deg or less to the axid of the shank) of surface seams and

ided the separation be-

TLongitudinal indications due to imperfec-

the length of each in-
ither edge to a depth
whichever is less.

or Stem: A maximum of 5 indications is permitted. The length of any ihdication may be the

fwice the length of the

nds as shown by Figs.
permitted.
[ any individual indica-

nd does not break over

shipment three copies of

Ling\that the chemical composition of the parts conforms to the requirem

ents of the applicable

pcification and showing the results of tests to determine conformance to the tensile strength re-

number, contractor or other direct supplier of material, part number, and quantity.

This report shall include the purchase order number, specification

REJECTIONS: Parts not conforming to this specification or to authorized modifications will be subject to
rejection.
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SATISFACTORY GRAIN FLOW
FIGURE 1A

MINIMUM ACCEPTABLE STANDARD
Showing maximum permissible cutting of flow lines after
machining to remove oxide and decarburization as
in 4.3.
FIGURE 1B
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UNACCEPTABIE GRAIN FLOW

Excessive cutting of flow lines in the
shank, head to shank fillet, and bearing
surface is not permissible.

FIGURE 1C
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FLOW 1INES - ROLLED THREAD
FIGURE 2

INOT PERMISSIBLE ——

ROLLED THREAD
FIGURE 3

NOT PERMISSIBLE

ROLLED THREAD

FIGURE L

wISSI;ILE/
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NOTE A.

NOT PERMISSIBLE

"9 AMS 7478F

PERMISSIBLE

MAXIMUM PERMISSIBLE DEFECT 20%
OF BASIC THREAD HEIGHT (SEE TABIE I)

ROLLED THREAD
FIGURE 6

SEE NOTE A

DEPTH OF DEFECT EQUALS 20% OF BASIC THREAD
HEIGHT PLUS 1/2,THE DIFFERENCE OF THE ACTUAL
MAJOR DIAMETER ‘AND MINIMUM MAJOR DIAMETER.

FIGURE 7

‘_7”\\]{77& l\, ity

ROLLED THREAD

BASIC THD HEIGHT PERMISSIALE

ROOT

MAX MAJOR DIA
~—MIN MAJOR DIA

ROLLED THREAD
FIGURE 8
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- L"' THREAD RUNOUT

~ [-' THREAD RUNOUT

FULL SHANK
[FIGURE 9A

F- THREAD RUNOUT

FULL SHANK
THREADED TO. HEAD

FIGURE/ 9C

RELIEVED SHANK

FIGURE (9B

. L- THREAD RUNOUT

EIGURE 9D



https://saenorm.com/api/?name=be5c9ea6e99080ad367432387bf56835

- 11- AMS 7478F

RUNOUT | RUNOUT

I —— RADIUS A | —— RADIUS A
1_\&/\/\/\/\ F_—\(:\N\/\
F‘ BLANK DIA I— BLANK DIA

i

’L—- FULL SHANK DIA ‘——— FULL SHANK DIA
FIGURE 10A

ad

FIGURE 10B

RUNOUT

K BLANK DIA
| L ReLIRVED SHANK DIA

FIGURE 10C

X ——

BEARING SURFACE QF HEAD

—=— HEAD TO SHANK FILLET RADIUS B

; BLANK DIA *Alternatively as shown
in FIGURE 11B

FULL SHANK DIA

FULL SHANK
THREADED TO HEAD
- FIGURE 11A

BRARING SURFACE OF HEAD
X —*

j——— HEAD TO SHANK FILLET RADIUS B

T

—— BLANK DIA

'

RELIEVED SHANK
THREADED TO HEAD

FIGURE 11B
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