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AEROSPACE 
	

AMS 7478D 
MATERIAL SPECIFICATIONS 	 ,.,~.~ 2-15-53 
iOCItTV OR AUTOMOTIVE ENOINEERB, Ina. 	46S L~xlnpton Av~., N~w Vork 17, N.v. Rsvls~d 1-15-~3 

BOLTS AND SCREWS~ STEEL~ CORROSION AND HEAT RESISTANT 
Heat Treated - Roll Threaded 
1800 F(982 C) Heat Treatment 

l. ACKNOTJLEDGD'fENr: A vendor shall mention this specification number and its 
revision letter in a11 quotations and when acknowledging purchase orders. 

2. A.PPLICATION: High quality bolts and screws for use up to 1200 F(650 C) 
where stress-ru~ture strength and creep resistance are of primary importance. 

3. P~fATERIAL: Shall be ~ts 5733 or ~ 5735 steel as specified on the drawiri~. 

3.1 Stock: Unless otherwise permitted by purchaser, stock for upsetting shall 
be reduced 15 - 25~0 in cross sectional area during final drawir~ or rollin~ 
at a tempe rature not higher than 1600 F(872 C) a~d shall have hardness of 
Brinell 201 - 285 or equivalent. Stock may be centerless ground but, i:f 
ground, it shall be given a final light cold pass to remove grinding ma.rks. 
Z•lhen heads are machined, stock may be solution heat treated or as fabricated 
before machining. 

~+. FABRICATION: 

~+.1 Blanks: Heads sha11 be formed by hot-cold upsetting a,t a temperature not 
higher than 1600 F(872 C~, by cold upsettin~, or by machining. 

1+. 2 Heat Treatment : 

~+.2.1 Heating Equipment: Furnaces may be any type ensuring uniform temper- 
ature throughout the parts being heated and sha11 be equipped with, and 
operated by, automatic temperature controllers. The heating medium or 
atmosphere shall cause no surfa.ce hardening by carburizing or nitriding. 

~+.2.2 Solution Heat Treatment: Blanks, unless ma.chined from solution heat 
treated stock, shall~ before rolling the threads, be solution heat 
treated in accordance with the applicable material specification. 

~+.2.3 Precipitation Heat Treatment: After thread rolling as in ~+.~+, the parts 
shall be precipitation heat treated in accordance with the applicable 
material specification. 

~.3 Oxide Removal: The solution heat treated blanks, before rolling the 
threads, shall have the body, thread portion~ and bearing surface of 

~ the head free from all suriace oxide and oxide penetration caused by 
prior heat treatment. The metal rem~oved from the bearir~ surface of the 
head shall be as little as practicable to obtain a clean~ smooth surface. 

~ 

CooYrl~ht 1963 hr iool~b of Automoth~ [nsln~~n, ina 	 rrintN 1~ Y. i. A. 
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1+.4 Thread Rolling: Threads sha11 be formed on the finished and solution heat 
treated blanks by a single rolling. 

5. TEC~rzc~ xxEQvzx~r-~Nrs: 

5.1 Flow Lines: Flow lines of upset heads sha11 conform to the genera7 arrange- 
ment shown in Fig. lA, 1B, or 1C. T'ne intersection of the longitudinal axis 
of the part and the approximate transverse axis of the i'low lines sha11 be 
not less than D~~+ in. from the bearin~ surface for hexa.gonal~ round~ and 
square head parts ancl not less than D~7 in. from the bearing surface i'or 12 
point head parts wnere D is the nominal diameter of the shank after heading. 

5.1.1 Examination for Internal Defects: Visual examination of a longitudinal 
section oF a. hea.d and 1 in. or more of the shank, after etching in 
approxim~tely 50o hydrochloric acid (sp gr 1.19), 20°~o hydrofluoric acid 
(sp ~r 1.15), ~+A nitric acid (sp ~r 1.~+2)~ and 26d~ water for 10 - 30 min. 
at room temperature shall revea.l no cracks, laps, or porosity. 

5 . 2 Threads • 

5.2.1 Flow lines at tnreads shall be continuous~ shall follow the ~eneral thread 
contour, and sha11 be of maximum density at root of tnread (See P~.g. 2) • 

5.2.2 Root defects such as notches, slivers~ folds, rou~hness, or oxide scale 
are not permissible (See Fig. 3). 

5.2.3 D7izl.tiple laps on tne sides of tnreads are not perr~issible regardless of 
location. Single laps on the s yles of threads that extend toward the 
root are not permissible (See I'igs. ~ and 5). 

5.2.~+ A singl.e lap is pei3nissible alon~ the side of the thread below the pitch 
diameter on the non-pressure side provided the lap does not originate less 
tnan 200 of the basic thread height irom the root and extends toward the 
crest and generally parallel to the side (See Fi~;. 6). A single lap is 
permissible along the side of the thread above the pitch diam~eter on 
either the pressure or non-pressure side (one lap per threa8) provided it 
extends toward the crest and ~enerally parallel to the side (See Fig. 7). 
Basic thread height is defined as bein~ 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 permissible~ provided the imperfections do not extend deeper 
than 20~ of the basic threa.d height (See T~.ble I) as measured from the 
thread crest when the thread major diasneter is at minirmun size (See Fig. 
8~. The major diameter of the thread shall be measured prior to section- 
ing. As the major diameter of the thread approaches maximum size, values 
for crest crater or crest lap imperfections listed in Table I may be in- 
creased by 1~2 the dii'ference between the minimum major diameter and the 
actual major diamster as measured on the part. 

~ 

~ 

~ 
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5.2.6 Sli~ht deviations from threaa contour are permissible at the crest of the 
thread r~ithin the major diameter limits as shown in Fig. 9 and at the 
complete thread at each end of the threaded secti on. 

5.2.7 Parts having holes for locking devices are permitted to have slight ovali- 
zation of the hole and the countersink and slight flattenin~ of the crest 
of the thread at the countersink~ provided the diameter of the hole is 
within specified tolerances. 

5.2.8 Parts sha11 have a minimum thread run-out of one thread and a maximum of 
two threads. The run-out sha11 fair onto the shank eliminating ar~y abrupt 
change in cross sectional area. Root and sides of threads contained in 
run-out shall be filleted, smooth, and devoid of abrupt tool stop marks. 

5.2.9 All thread elements sha11 be within specii'ied limits startir~ at a ler~th 2 
times the pitch from the end~ including chamfer, and extending for the 
specified f`u11 ~hread length. 

5•3 Straightness, Concentricity, and Squareness: For purposes of these inspec- 
tions~ shank and threads shall be included but sha1.]. be considered as separ- 
ate elements of the part. 

5• 3• 1 Straightness of Shank and Threa.ds : Shank and threa.ds shall be stra.ight 
within the limits specified on the drawing for the total length (L) of 
the part under the head (See Fig. 10). Visibly ab rupt changes in diameter 
or shape of the shank and threads which might cause stress concentrations 
are not permi.ssible. 

5•3• 2  Concentricity of Thread Pitch Diameter: The concentricity of thread pitch 
diameter in relation to shank diameter sha11 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 f~zll thread along the shank (See Fig. 11). For 
parts ha.ving a shank length less than 1.5 times the nominal bolt diameter, 
the concentricity of the shank diameter over its full length in relation 
to the thread pitch diamrter shall be within the limits specified on the 
drawing. 

5•3•3 Concentricity of Head: The concentricity of the head in relation to the 
shank diatrieter shall be within the limits specified on the dra,wing for a 
distance of not less than 1.5 ti~s 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 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. 

5•3•~+ S~~reness of Washer Fe.ce: The squareness of the washer face with the 
shank diameter sha11 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, squa.reness of wa.sher face sha11 be measured in 
relation to thread pitch diameter in lieu of shank diameter. 

•~ 
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5. ~+ Structure : Parts shall have microstructure of co~pletely recrystallized 
material except in the area oi' the threads. Grain size af`ter solution heat 
treatment shall be 5 or finer, by comparison of polished and etched specimens 
with the chart in the issue of ASTM E112 listed in the latest issue of 
aMS 2350. Up to 25~~ by area, of abnormally large grains will be permitted 
in any specific area of 100 or more adjacent gra.ins; abnormally large grains 
are defined as grains more than 3 ASTM numbers coarser than the average 
grain size of the part. 

5•5 Iiardness: Sha11 be uniform and within the range of Brinell 2~8 - 3~+1 or 
~ equivalent, but harciness of the threaded portion may be higher as a result 

oi the tliread rolling. 

5.6 Tensile Prope rties: 

5.6.1 Finished Parts: Sha11 be capable of showin~ tensile strength not lower 
than 130~OOU psi when aligned in fixtures so that at least 3 full threads 
are exposed in the gage section. The diameter of the area on which stress 
is based snall be taken as tne mean of the maximum minor (nominal minor~ 
and basic pitch diamete r of the part or the shank diameter, whichever is 
smalle r. 

5.6.2 Tensile Test Specimens: Tensile test specimens machined from finished 
parts shall conform to the following require~nts. 

Tensile Strength, psi 	 130,000 min 
Yield Strength at 0.2~0 Offset or at 0.0098 in. 

in 2 in. F~tension Under Load (E = 29,100,000), psi 	85,000 min 
Elongation, o in ~+D 	 15 min 
Reduction oi' Area, ~ 	 20 min 

5.7 Stress-Rupture Test at 1200 F(648.9 C): Material shall be capable of ineeting 
the stress-rupture test specified in the applicable material specification, 
using a finished part as the test specimen. The diameter of the area on 
which stress is based shall be taken as the maacimum minor (nominal minor) 
diameter of the part or the shank diameter, whichever is smaller. 

5.7.1 If the geometry of the thread is substantially different from that of the 
notched specimen described in the applicable material specification, or if 
the size or shape of a part is such that the part cannot be tested satis- 
factorily, a test may be made on a specimen machined from the stock and 
heat treated in the same maruier as the parts. 

6. UQ ALITY: Parts shall be unifor~. in qua.lity and condition~ clean~ sound~ 
smooth, and free from burrs and foreign materials and from internal and 

~ external imperfections detrimental to their performance. D3scoloration 
resulting from precipitation heat treat~ent will not be considered ob jec- 
tionable except when the drawing requires,that parts be plated. 

6.1 Parts subject to fluorescent penetrant inspection sha11 conform to the 
following standards. 

. 

~ 

`'• 
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6.1.1 Discontinuities transverse to grainflow, such as pipes, grinding checks, 

and quench cracks, shall be cause f'or rejection. 

6.1.2 Lor~itudinal indications of surface seams and formir~ laps parallel to 
grainflow are acceptable within the following limits, provided the sepa- 
ration between indications is not less than 1~16 in. in a11 directions. 

6.1.2.1 Sides of Head; A maximum of 3 surface indications per head is permitted 
and the length of each indication may be the ftzll height of the surface. 
No indication sha11 break over either edge to a depth greater than 1~32 in. 
or the equivalent of the basic thread hei~ht (See Table I), whichever is 
less. 

6.1.2.2 Top of Head and ~d of Stem: A rr~a.xirmun of 3 surface indications in each 
area is permitted provided the length or diameter of any individual 
indication does not exceed 1~32 in. or the equivalent of the basic thread 
height (See Table I), whichever is less. 

6.1.2.3 Shank or Stem: A maximum of 5 indications is permitted. The len~th o:~ 
any indication may be the full len~th of the surface but the total len~th 
of a11 indications sha.l.l not exceed twice the length of the surface. No 
indication shall break into a fillet or over a.n edge. 

6.1.2.4 Threads: There sha11 be no indications of cracks, seams~ pipes~ or 
rollin.g laps in threads as shown by Figs. 3, 4, and 5 except that 
indications of slight laps as shown by Figs. 6, 7, and t3 will be 
peYmitted. 

7. REJECTIONS: Parts not conformtng to this specification or to authorized modi- 
fications will be subject to rejection. 

• 
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