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1 this lovogtipation to detorming the variae
tion in gorroplon rosigtance of gertnis ptainless steele

#i%h ohuope of JLotallurgiend conidition, i1 was found
thadt

is Mo metallurgionl t;pen of gteinlene ateel will
eutisly mopl Urdiance cemandge 1hes8e arge thoe powcallad
16=8 aav the 13-08 typog whleh sro the Chromium~hickel
#watenitio ateele nnd the rlaly Chroulumeinrtenable
stoels, respeotively.

Te theso vre avallable in Lfour grudes and are nore
desiguataet by the type numbeys of the amorican lron and
Iteel lnagtitute, as follows:

rele=sle

Symb yne,
302 rlain 10«8
0% Fyea ¥uohinlog lbed
403 rladn 18«06
414 Froe laohining 15«03

de  igmlgn requiremsnts of strongih aod duewility
will uscally dietute the type to ba used. . here strength
is u ninor facter 254 c¢orroeion recistanoe prodominant,
Typem J02 and 303 should e used.

4y “here stiength ig the nmoed Important fagtor,
corroslon nust bo suorificed and Zypes 40F and 416 zre
recommonded.

6. To devslap eptizum propertiew. both with ree

gpect to atrenghth snd corromisdn, ull four grudes mupt he
oronerly hest treated, ’
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Go types S0 amd HU0Y » ¢ the sugionlibic 1. Curo=
miow, ¥ wilorel Jvosl and ore Bul Rakl8bigLh but pust bhe
PULEY alifcaLab by cuenghing in o suitadble moedium frow o
tenporatare gonsideradly above the eritical tomperuiure
12 optimum corrogion resistance la expected,

' Fenpori.g types 308 and 308, ol & tompeysiure
of 600% ¥,, will meterially snhance thelr correnion pro=
pordtiens. ruegivetion tr-otwent 16 dllute nlitrice scid ofe-
fors little lmprovewent in corrouvion properties over the ’y
FULLY WLB.L8T condition and hoesuse of %8 cost snd fne 7707
convenlience, thould be discortinued, v,

be Types 403 and 416 wro the straight 137 Crromium,
Low Gurbon 1.&& « o128 Laxe) bordensble mlloys an& phéald 1
rot be nsed in the conozlod siate but eshould ve propexly -+
mardened by quenchlng und correstly temporiug t0 insure a

maiimum of curvegion ronistuence and sminimwn loss of duoe

tilivye

Ve amly o wilght clfferonce 1o noted in the cirroe
pion properties of Jyped 302 and 303 bal 4f any differsuce
existe, 1t Tuvors Sypeo 302, Thias is also true of Iypom
408 and 416 with the preforonce uneeruing o 403, o tonte=-
tive spooificntion hawm boen prepexed L£or the srooursment
of those stenls wnd the detelils 0f heat treatwment snd
fobirioatvion are thorein pet forthe This tentutlive specis
Tieatlon, KIZE 86, i heve appepded,

10s. "Thexre has been developed b hock lslend sreenal,
a high fllm stresgth ninersl base guiiing 0il vhich e
torially aide in the fabrication of thede gleevls, eapeslsl~
1y in sueh d4iffisult operntions us brousehing, shaplng snd
arilling.

BéECOBI B DARIVNG

le dhere u Froof Stress of less thun 40,000 peunus
per gquare inoh and greater than 20,000 pownds per sajvare
ingh le sdequute, it is regommended that mtewel ITLE 303
be adapted, espscislly whare corrosion resistanee ia of
£irat luportance.

S+ where freof Htrese in exeese of 40,000 pounds
por squoave inch and ae high as 80,000 pounds per souare
inel, ond vhere Feod eorrosion resistenos is desiridile,
1t ig rocommended that Iype 416 e spocified.

De iV iz vosomnsnied that all Ordneanes drawings
enlling for Stainless Sieel be sv dsliuentod that no
doubd can arise ux t0 the type Geelred, and 1t e reeome
mended thst the Free itchining Gredes be sdopled (3023 and

4186).
-ﬂ.
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e rawings gpeclfying iypo 308 should bhe titled
58 followa:

SEREL, SPALLALY. . VS 808
MENC L& WdLLY sl LD

in the fhysieal lronerty bor, o the upper right nand
sorner of sveb drawlinge, the followlig ore werties shounld
LPeREYs

¥roof 3trosg
taceile Strongth
nlopgation
seduetion of wrpa

36,0008 /pyeine in.
20,0008 /8y, kate sinie

£0%
BB

Bive
Kille

s Heot ireateent box should ba provided in the uppor left
tund corpeor of such drawluge with the fallswing informee

tiom:
1T v purehased fully sanealodi

Hoat %0 LBEEY ra.«) Hr./!. ch of fhio-poepy.

nench ln water,
fompar ut 400° r,«1 Br./inah of ‘hickness,

ba  Dravings speoifying Type 4190 snould be delinw
outed uy [follows!

Afrda, 044, B8, TYPE 416
Haad Thealild.

in the vhysicul vroperty hox, in the upper right nand
gorney of such drawings, the Lollowiog propertiss sbauld
appresyl

Froof stress 70,0002/#ge20. Blane
leneile Strenpgth 100'006¢/ng=1ﬂ. Hine
Elongation 20% Hine
sgduetion of ivxea &0F Hin.
Brinell Hardnese 3Bl lNox.

& Hest Ivoatment box ahould Lo provided in tne uppey left
2and cornay ¢f suah drawings with the fellowing icoforvae

tiong

Purchose snnoaled., MXucohilzne and
treat a8 folluws:

Zeat %0 180U° 7o - i Hre/iseh &

~ueneh o Odle
Temper at 60G° F, « L Br./ineh of I lckness.

wle
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Vs LY ip reoap vended Lhat the wpuendod lentative
epooificntion for sStainlose Sitoels LR promulgsated for
uvoRaGNRe upe siued 3% hae Lok BeuoBter, 6 progure thene
otoels under Luavy HSpecificaiion 450lbe li Sruay thuet phy«
gienl pro ertizs right bhe eseribed, wly ons of thes
staels may b 4rocered LAY N. Je oty Spevification H7-
107 B, and the abzaags of 2 flsxlble cluupe in thig apoe
piflcation ma; g8 it luporeible Lo greomovibe tne desirod
prralcal proeseveisg) there fore, the stoel, 8o purghuasel,
wuy ke checRod O chendatyy orlye Tas following table
indiguton she eoslvelonts of She .rades unuar v-vy Jdppoi
fFlontlon 468lbe, the amorieny iven axnd stedl Ingultute
gymhole wid ihe Seslgneticas aa ahown In Us 2, o¥my Spee
cification £7-10% 5t

Uyrade e Y ankede b %ﬁigﬁu%i@n
o6vy 4651ds symbol  B7107 B

1 388 LOBG

£ RFIV » PNG

& 203 Loaag

A 4D 4028

& 20 612564

4 416 irone

7 $03 PRI

he 00ve soaveFsion tably i sropored wg & pulde o
stainlege oigels sdoptod by tue .avy Lepanriment and in
the cppondad speelfisctien, the amarisen lryon end dtesld
Inntitute symbole sre uged sines in trade practice these
nre aore wideily regsognized baan Sny other known desigke

tion, fhegy sumbols a & mmemig% for sdggtion by e
JrdraBQe Jegur Sneg ? gifice 06 1ittle ALFf¥srOnge ie noted
in theo ¢orromion remixtunee of ?yfa #08 end GOR or 416
end 408, vnd sicos thy machinsnbility of the former types
irs 90 markedly supsrior, Lt 8 rogommended Tant tisse
trs08 ba given prefcravoe in thelr vonabderatien az en
Jrdnooc® mswarisl (303 and 4loi.

7e 1% g regommeldel that wo trentimeat rem i1ting
in o #Tine’s kadcase in exusss of 351 be attenpted in
tne Pabrievsicn 5 the Haordenable Typom 402 oy 416, ex«
eopt whan pyinding 15 condtomplated.

6, 1% in furthesr reacrmanded $hat the kigh film
strengin au:ing 411 develop2d st Bogh island arsezal
be used im vhe mashining of the seversl tyoes of Jtaine
logs Btee) here raoowisnied.
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furpuapt te tastragiions in the 7tn indorses
uent wo rdnance ffice ile 400.11R/L209 (it 400,112/
301), steele purehured unter Hoe. ialand arsonnl fenta-
tive Speoifiontion i) ‘=4l used ip the murufueture of
the 76 np. Fack dowitney aeosil Heehunisus wil.4, topethory
with other rownvesenietive 3talnlqus “teclas in aduncaticn
with -résence vEfios File 473.61/708 (Ll 473.812/34),
woere btodied fn mn ellort to determinme the nost sultable
Halulees Steal for peveral vrduance applicetion. This
atudy consisted of ithe following problems:

1. fho deierwinstion of phyolosl sropertlies
0f commergislly wvailablo typres, before culd after
puitible noat troutnect.

H The ohaage ln corrogion reglotance witk
change of hest Ltrentment,

Be the maehineaPil ity of the several 4o pes
wcer optimum conditions of hest treatwvent and
corrusion repizianca,

4 o detuelle seogezuaxy for the FTormulas
tion of an adequate and Llexdible spracificatlose

b, he development of a outbing compound
or ¢4l whioh would oid in the meohining of Stalns
lesg dteeln,

e & gompyrizon of the eswonlled Iyeesimi-
chining and none-free maghining iypem frowm the
gtandpoint of corrvsion, ptrength, machinsability
and precurenente

ALgh

In order that somparisou 22 the aeveral pre-
pertios mizht adequutely rsoresent the nuteriels avalle
able iu vhe imeriesn aries, ateels were ordersd orie
givally from three 4ifferent conpanies. 3teols vers
ordered sgainpt ohemioul specificetion of the Amerioun
iron and Bieal Institute, with the epecifigotion o 4o
Lie surfaoe cosdition and metallurgiosl state olted in
the purohaee order.

ihe three cumpinies ciresularizsd vere: Crie
cible Hyeel Compnay of ~merics, Corpeniter Stcel Conmpuny
ond 4lleghasy ~toel Qompanye S1nge the valus of Ihe
poversl items way relantively emall, the itrade practice

»fw
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of chavrging $b.00 for cash Certiried Chemieal and FPhypl=
cal Teat Report made it undesirablé to ask Ffor tnose
check analyses by the manufaoturer.

In order that the variation of physical , ‘0=
pertias wlth change in bar size might be detormined,
ezgh tyve of gtesl xas ordered in 1" and 3" rounds. Due
bo thip varisty of niues and types and in spite of the
wlde plus tolorances iu oach oape, the Beverel manufage
vurers had some diffioulty in furnishing the small gquane
titles deosired. One company, bthe Allegheny Steel Company,
friled ve malke its bid until so late that it was folt
thet thes proyress of the investigation would he delayed
and, thewreforo, only two manufacturera eare representsd in
the veat results hare reported,

Tabis 1 shows 8 gopy of the roquisitions as
pluced for this mats ‘sle. Yahble 1I shoes & condition of
the material as actueily rogeived.

(nce the material had been securod, it was cut
into spyropriate bar lengths snd the heat treatment for
the several specimens was accomplished at once, using
Prirell Hardness to detect the changes in physical pree
perties until such a time as the geversl chemigal and
ohysical tests counld dbe comploted, Table III shows the
heat freatment schedule of the several saemples compared.

Table IV shows the chemlcal composition of the
several types tested and it will be noted that Specimen
4 - 408 C is no. of the type asked for in the purchase
order but is the High Carbon ox Cutlery Steel type of ma-
terial dssignated as WD BL23b in U. S. Army Specification
67-107 B {AISI 420). This is an accidental analysis snd
the chemical determination wag made %00 late to detect
the error and t¢ gecure the correct material from the
manufacturer.s 1It, howsver, is an sdvantage in this re=-

port singe 1t gives some comparstive information concerne if“'“‘

ing a type of mteel which hae long been in use in the v

Ordnanoe Department, and the conclusions drsawn in this re- | &
port show that straight 12% ChromiumeLow Carbon type of
material hze a deoided advantage over this higher Carbon
material.

Thus, there are seven items of steel in each
of the two lots investigated. When all the spscimensa
hed been treated, they were machined into their respective
corrosion samples and tensile test bars.

PSS




Frepayrution of Corropion Spegimens,

The following is the procedure for the preparas-

tion and testing of the corrosion specimens from Items 1,

%, g'lﬁ and 7 which ware fabricated from the 1" round mae
erial:

Before any machining was undertuken, Brinell,

Rookwell and Soleroscepe hardness values were determined
on all the steels in the as~recsived condition. Corrosion
specimens were then prepared from each type of material,
inoluding a separate specimen for the salt spray test and
for atmospharic exposure test. All gpecimens were faobrie
czggg according to the instructions in Havy Specification
4 8,

Specimens were machined on a lathe, tool marks
buing removed with a4 mill file and file marks removed with
a "0C” emery cloth, Final polish with "00" emery cloth
was gecured while the specimen wae turning in the lathe
at the rate of 440 revolutions per minute.

The specimens prepared from the ss~received mae
terial are decignated by the letter "A" preseding the type
number and followed by the company symbol "K" or "C" for
Crucible and Carpenter, respectively. This is clearly
shown in Table I1I.

The second get of specimens prepared were desige
nated b; the letter "C" preceding the tygo number and fole
lowed by "C" or "K" and indicates the "C" type of heat
treatment shown in Table III,

A third and fourth set were Eroparod and these
are designated by the letter "E™ and "H", the meaning of
wnich is set forth in Table III,

Upon eompletion of the corrosion specimena and
after proper identification, they were carefully washed
with benzol and ethyl alcohol to remove all greese and oil
deposits. One get of thirty-four specimens was then placed
on the osutdoor exposure iack whers it was to bde observed
at thirty~day intervals for a period of one year in an ef~
fort to deteat the progression of corrosion under these

conditionme

The second met of thirty-four specimwens wam di-
vided into two groups. The Type 302 ard 303 specimens
were “pamsivaied” by trestwent is S0F nitrie soid (20% by
wt.) for s period of %twenty minutes, They were then waghed
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with hot weter, mounted on a glass plate and placed in the
galt spray .abinet where they were carefully observed at
froquent intervels to determine the first signs of corro-
sion. One set of determinations was made without the "pase
sivation" treatment and no difference could be detected in
the salt spray performance. ‘‘his finding is confirmed in
Watertown Arsenal keport 316/28,

The 403 and 416 spooimens which constituted the
second group of the second set of thairty~four were placed
in the salt spray cabinet on glass plates without the pas-
gsivation trestment, The salt eolution used at Rook Island
Arsenal congigte of 20% (by wte.) sodium chloride solution
atomized by compressed air. The speoimens were carefully
examined at four-hour intervals and after each examination,
the speecimen position in the box was rotated so that any
"dead space” might equally effeot all of the coupons under
test,

The first speoimens to feil were of the straight
Chromium Types 403 and 416 after about fifteen hours, and
fifty hours were required for the firast sign of fallure in
Types 302 and 302.

Aftor salt spray hed effected a mejority of the

sample®, they were removed from the cabinet, washed with
water to eliminate salt solution and were rated according
to physical appearance on & purely qualitative basis.
Pit holes wers then removed from the speoimen, they were
repolished as descoribed above and the test was repeated,
Salt spray corrosion teevs are reported in Tables V for
Types 302 and 303, and VI for Types 403 and 416.

Photographs are also appended showing the sure
face gopdition of thess several sali spray specimens and
while they lack the vividness of the viswal inspection,
they do serve %o corroborate the resulis here rdported.
The individuel specimens shown in the photographs are
marked with the symbols of Tuble 111 and sre grouped so
that the 302 and 303 specimens are together for ocompari«
son; and the 403 snd 416 are shown jointly on the other
photographse.

Table VII shows the Brinell, Roockwell and Sclero-
goope hardness values on the 302 snd 303 types. 1t will
be noted that the annealing treatment has, in §ont cases,
lowered the hardness of this materisl. It wili also be
noted that mpescimen AZOZK has a high velue of 277 Brinell.
Phig is direet evidonce thet whim maverisl wee cold rolled.

8w
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Table VIII shows the hardnoss values of the
straight Chromium 402 and 416 types and the changes due
to heat treatment are readily followed from the changes
in these hardness values. It will be noted that a peak
hardnees valne of 496 Brinell was obtained in Specimen
H4038K, and 477 Brinell in the spocimen designated E403K.
Referring to the chemistry in Table IV, it will be noted
that this i® not truly a 403 type but is rather a 420 or
%D blR3b6 Cutlery Steel which was furnished by the manu-
facturer by mistoke. This higher hardness is sassociated
with the extra darbon present in the Cutlery Steel.

It will also be notod in Teble VI that the 403K
specimens all oocupy the last positions in the corrosion
toble., The only one occupying & lower poeition is the hot
rolled, as-rolled A7~416K which ig quite to be expected
since the hot rolled condition generally favors Iintere
granular corrosion.

A further correlatiun of the physical properties
with corrosion characteristics 18 obtained by studying
Table I¥ which sets forth the properties obtained from the
soveral heat itreatments of the four grades of steel studied.

Table X gshows the corrosion propertiee of four
grades of steel at pixty days exposure to the weathar,
Table XI and its companion recapitulation shows the rat-
ing of several 18-8 {ypes of steel together with the metal-
lurgiocal condition upon which the rating is made.

Table XII and its recapitulation sheet shows the
rating of the 416 and 403 types together with their metal-
lurgical condition upon which the rating is made.

DISCUSSION

4 study of Table VII, VIII and IX will show the
answer to problem 1 of page b ir ths Introduction, relat-
ing to the physical propertiee befors and after heat treat-
ment. It is extremely difficult s make a breakdown ana~
lysis of these tables but an attempt has deen made to set
forth in the Resommendations and Conclusions such apparent
findings -as are available from the study of these several
tables.

The answer to problem £ is found in a study of
‘fables IIXI, V, VB, VI, VIB, XI and XII, ZProblem 2 felgto:
-\uann.g in as €

10 the relation of corrosion resmimiands G chongss in hes
treatment. 4 study of vhe ahove tadbles revesls the several

factors involved and a complete study makes possible the
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correlation of these facts. Here again, it is very dife
ficult to breakdown asn snalysis which would yield the most
precise informetion, but en attempt hes been made to do
this in the Recapitulation sheetsattached to Tables V and
VI, XI and XII,

The answer to problem 3 is briefly set forth in
Teble XIII which showe the machineability rating of the
several steels under their several heat ireated conditions.
This phase of the study has not been completed and the
informaetion must be taken es tentative only. However, cere
tain generasl conclusions may be arrived at. First, that
the machineability of the 18«8 type cf steel is much poorer
then thet of the 13«06 type. It is further true that the
13-06 type is greatly improved under the conditions of
heat treatment that yields a hardness in the range of 320 =
360 Brinell. It is, however, not recommended that these
steels be used at ratings higher than 321 Brinell.

The answer to problem 4 is found in the attached
tentative specification whioch sets forth, in detail, the
requirements of the several typee of steel here recommended.
It is believed adequate for most Ordnance applicaticns,
he only suggested addition would be the use of Type 52100
as a hard bearing steel., Corrosion resistance will not com-
pare with the better of the stainless steels but the high
herdness makes possible those structures where the stainless
gteel would ot have sufficient bearing properties to make
o satisfactory unit. The sttached specification is intended
to superseds RIXS«41 which was prepared before the detai’ iu-
formation was available at this Arsenal.

The answer to problen 6, concerning the develop~
ment of & cutting comvound to aid in the machining ol stain-
less steel, will be fouul in ano‘her Rock Island Arsenal
laboretory report under preparation., This report sets forth
the details of the development of & outting compound of the
high film strength type in which nrganic addition agents are
added in percentages up to ten and then cut back to such
proportions which result in oils having adequete film strength
for the machining problem under consideration. In the case
of the stainless steels, it has been found necessary to add
gulphur as well as the organic addition agent. The compari-
son suggested in problem 6 has been completely handled under
the Findings and Recommendations at the beginning of this
report.

The most outstanding result of the investigution
is the ziarp demercation in corrosion resistance of the
straight Chromium steels when the carbon content exceeds
.12% maximum. Thie is illustrated in corrosion specimens
E40BK, H403K, C403K and A403K. This steel has long beoen

«lQw




used in Ordnsnee applications a8 & corrosion resisiant
gteel obiefly because of the high hardness obliainable.

A cheek determination was made on some material
of current procuremeut having an snelyeis of the A.I.S.I.
4280 (WD 512355} in the aswreceived condition and after heat
trestment, and in both cases, the material was conslder~
ably poorer in corrosion resistance than any of the speei~
mens studied in this investigation. (See Photograph No. 1)

The next important finding hed to do with the

302 and 303 steels in which a study of several tables re=
veals the marked droppirny oXf of gorrosion resistance as

the physical properties are incroased by such metalluxglcesal
troctment as normalizing and hot rolling., This mouns that

if the best properties are te be expected of ithe 18«8 atenls,
they must be used in the X ARNEALED condition whiok ime~ .
plies & drastic quench which will entrap the highly resist=
ant Austenitic structure., Improved properties can be obe
tained by hot rolling, cold rolling and by apypropriate nor-
mallzing itreatment, butl the sacrifice in corruvsion resisiance
Tor this very slight gein in physical properties certalnly /
does not justify its use in these questionabls metaliurgie f’j
cel states. “n"ﬁfk

The third important finding is assvciated with
the 403 and 416 pteels which can be vory definitiely ime-
proved ip their physieal aroperties by suitalle heat treat-
ment. It will be noted in Table VIA that salt spray corroe
sion of Zype 403 and 416 show the 403 to be superior to 416.
The outdoor or atmdepheric exposure shows 416 to be superior
to 403, It ie also quite obvious that the heat treated oome
dition of both of these ateels is far superior to any othesx
metallurgical condition from the cerrosion standpoint,

This is the basis for the Yesommwendation that
these steels be used in the heat trect=d osndition. Sinee
Type 416 offers mush in the way of machineability, it was
thought advisable to investigate the physical properties of
the soveral heat treated conditions a little moxe carefully
than the other typee here studled.

It will be noted in Table IX taat Type 416C o
the Carpenter Siesl Company composition and 416X, the
Orucible Steel Company composifion, show & marked Amprove-
rent in their proof siresses as the temperature of temper<
ing is raimed to 950° F, The recommendation for temporing
at 6000 F, begs the quostion somewhat, but %Yhe iempexature
{ af 8000 B, was chogen as an arpiviavion belwew: the Driivile
characteristies of the low temper and the conditior whieh
will caume ocarbide presipitation at or above 9500 I, Vhile

«lle




tempering ot 950° ., from the dets here prosented, is
obviously the ideal .enperalurs, sthor composition varla-
tiong save shewn thet this im approssghlig the Lenporaliure
runge Lo which the onrbide pracipitation takes -lace ané
@& lowo id osrrosion remimftunce msy be azpeoted. 1o an ol
fori to keep awwy Irom this eritical tenperabure range,
the rogormendatln of GODY 4, wug mede as a Sermering Lob=
pornture. Cnepn vteols muy be uned untonperod.

The firding that the austenitie Wypra 3E end
50% may boe improved in thelr corroelon rosistence by a
tenpering treatment is pomelhing not easily explalined and
3% ie belinved that Lt warxzante forthey Investlpation.
«igthey thig be an imolated finding or whethor it is the
upual property cannot he inown anlzes further inveetigae
tdon ig nmadae.

in yreparing the asek lglend oraenal .euilative
3pecificativn stiached to thie repor¥, the vractical aue
paets of shop troatmant und fabricotion were tazen into
coneideration ag well s metullurgieal aad corropion ree
pimtunge characteristics of the geveral gteeis. 1he spesle
ficution includsa five typos gommonly used by the Vrdnancs
bepartnent in the past, iho spseification somprehonds then
in the severul condition whieh, for one resson or andthey,
would he an adventage in shep fadricztion, Thus, whore
peris are %o be michined directly fLrom bar stock end the
finighed wrticle 18 t0 be subleoted to xno trantment whai-
soevey, 1% is recommended that Iype 302 ox Type 305 be
us0d. Phepe may bo procured under the upecifiesdion, in~
spegtsd for complionce with respect ta the Fylly &gggglaﬁ
Unndition and then put through the shop procedurs with ne
further goncorn ag Y3 heat troatment.

shore, however, roa-forging or hot work is Ye-
guired, it is obviously nodessbry 30 re~irait gnch payism,
There is, therefors, ilneluded Type J0RH, which is & hok~
#olled produet. Speeificutions are nnde yather open 8O
that thoy ure not rewdtrictive and this hot~rolled reterial
may be procared, re-forged snd then trauted sm resommonded.

fypas 30RC and S0BC are inoluded In the spegl-
fiontion #0 thet whare Turret lathe opsrations are gmpree
asnded, it would be poweible to tnke this more eilosely eone
$rolled rwterinl, Zabricate the parte ot s rolatively high
rate of cpeed swnd then subsequeniiy heat treat them U0 prye-
ocure the maximwm corrosion rosistonoe., Haturslly, the
exvyru dimensicumi and finkeh toleyanees imply the higher
price but thie ig Justified by the saving in the muchining
Gperations.
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Types $04s and 300+ were added to the @pocie
fication in an eoffort %o sacure a materiasl whicsh would
Lave goed welding guality. AY temperulures of from 800°
¥, %0 1600° ., u change tukes pluce in those etoels
witiogh makee them loms reniatent to ocorromion., It lg now
genorally ncecapted that thio chunge igc due to precipita~
bion of ourbides in the grain boundnrivs. ‘the magnitude
of thlg chonge will depend much upon the length of time
these ateals are hold at the above temperature range and
upon the eampooltioa of the atoels thensalves. Ihe
groutest insurance in the redugtion of ¢arblde precipita~
tlon 18 o koep ths cnrbon in the steel a6 low as poselblo.
fods requirea & more rigid apecificntion wlth rospe¢t to
tho carban and this more rigid specification implios ap
inerenged price. It is, therefore, odded to the spesie
fication na & separate and diatinot item und the extra
cost is onrly Juptified whoro welding is sontemnluted and
where re=tronimont la not possible.

Type 4305 pnd 4308F: ware sdded to the Stralght
Chromium fypee of steel for the sams rouson. Jince the
Tereight Ggromium types are hardenable when the Carbon
exceeds oi2% and the Chromium iz lees than 12,58, any
welding oporation will produes a hritile 20ue, not neces~
oarily 1o the weld but adjucent to the weld where the
netal mugs hes produced & quenching or chilling sffeet,
3traight Chromium steele sre generally lens expensive
than Yhe (aromiumeiiigkel type. ‘hore heat trostwent after
%olding of those hardennble type alloys 1s coutemplated,
it is unnecessary to use Type 430v or 4305%, bhut whaore
guoh hest treantment ig 1ot poseible and whore the lower
priged S4raight Chromium i desirable, thase Yypes have
been added and it 18 recomwended that they bte used in sueb
spplicaticase Compositions shown in the apoeifiontien for
4507 and 45087 have bLeen g0 adjusted thot thase zteels uars
not hardepsble and thus, when welded, will not produee any
brittle zone aad poor corromion registanese, Tyne 420% and
P are alss idecl materials for deep drawing, fubriestion,
cupping operations apd exoengive hends.

It will alse be noted that Typew 403 and 418 Lave
beon added to the epseification in the tr;;toi ;onditlo:.
that s, uqnehed end I and the physicsl propersies
uTe thome resommended I§n¥§§!§531nﬂ1ng ¢f this report as
properties properly appearing on Arawings.

brinell haréness rangew heve been fixed at the
top limit 30 tonst maghinoability is pﬂunzb1¢ thcngh difb

o aieal %Y
fiomle and ihus, in thode haNASNSE RliSFE, We hEVe & FP

vhare fabrigation from $he bar ie poaniblo Juss om it i
ir the cuse of Types 302 and 303. Eatuwrelly, the trouted
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gondision lmplies an ingresned eost, smounting to abwud
{1450 per hundvred pounds. Jenorally spesking, the moot
eoon wioal condition in nhich o purchass the aurdensbhlo
tspe 1o 405 and 41683, the .0t rollad consitlon, snd the
anoolficution providos a hardness range whieh will make
waghinsahli ity voletivaly Fovi.

1988 wap tho £irot your bthut Lyps 408 (13x Cre)
logt ite position of sweond pluse in »rodnetion statie=-
tien. Sype S08 (16«8) is still the lesding stelnless but
Ly pn 430 }1?}. ke } ham suporseded Tyoe 405, 450 now oocupy~
ing second plage and 4058 third pluace in the tonnugse stae
tinticn. QLomparing 1989 production with 19306, we find the
followiug: 502 - 51,074 tong va. 59,114 tonw; 403 - 14,602
tong v8, U,240 tomey 480 ~ 10,127 tone vge 11,208 tous.
age of fubrioation and lesp rostriotive speclfications aure
the only appayoent rovsene for thisg changs.

iype 420 vas edded $0 the ppveification ohliefly
bocutige it is atill spovified ¢n o numboer of Urdonance
drawingn %ot srocurement of this type of stocl during the
papt your izdiontom thut 4t ig becoming nore and nore {if-
Pionlt %o socure wnd 4i%s pleainless propertics sro highly
yneotionuble, e uniy roul worit it offers is . igh phy-
slanl sravertien and figh nurdnespen but 1t is bsliovad
thuot 4a. ER1CU wonld be @ good substitute for taie sueel.
Aotnh heve relutively low corrosion yroolstent proportion
bt somewhet botter than 2rdinary mild eteel. The nighey
rardopability oY tho (aromiuvm 2tecl da. BRLGY ilnauryes 06
copmistont sevformunce in suah fabrication a8 bally, ball
rages, rollars snd oller heaxinpgs. Used in connecivion
with fypve 408 and 414, iad B2100 mabes an exeallent boay~
ing steoal.

CORCLUBIONS

L., Frosenachining, sustenitie Stalnleas Steel Type
203 ip as i{dea) stecl for the fubhrloation of most of the
internal narts of the recoil meshanism oif the 76 nmse Faok
Howitzey, Mlid, Of the seventeen parte fohricated Lrem
this typs of steel, no difflealdy was had in the munlning
operetions with the exgeption of some small tapped holes
but whe use o2f 2 high filim strength outting 911 relleved
this #ituction and the fabricatlion wws completed withont
further difficul ty.

2, Iypo 41 in LGoally galited for the fobrication
0f those paris regairing higher phyvalonl proparties Ehan
aye obiainable with Xype 303. These poris, $ne yokn, Ye~
20il eylinder, recupomitor oylinder and plston rod wezre

yoil
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fabrionted Lrom the free~mechining type ol steel #nd
hardneoses in sxceas of 321 Brinell were fubricsced
with some elight diffieulsy in the small holes,

be¢  Binee hoth types nre used in the fabrieation
of thase internal parte, o speeificution whieh conpre«
hends them both has boen preposed for tentative uccep»

tanoe,
Ry 2o Uhristensen, L.let.
Jde Co Limnderg, .«.;nag. Alde

ApPTOTe

Civilian in Chorge of

Labvoratoxy.

Apnroved

Officer in Charxe of

Laboratery.
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Porm of Heguipision
Usad (o Furohsse 18
and 13«06 stuirlose
Yteels dsed in Yoot

segoription of lwtorial

tninlose 2teel (16e8) aelsdels 2.p8 302 Loemienls
o applwt
Cul& »olln L0 JL0=410 Erinell Lordneges:
17 1/87 diamover
g 1/8“ diumotor

Stuinlese ‘teol {lbed ¥ _aicoi:f. Typne 308 Coemiouis

%0 apply: ’
EQ‘» fsﬁi.g' - ollad
wu;e dianoter

Ieainiess thel {Hordonable) Asleinle B uhkgmnie
cule to apply
10% dallaé 4bnealad.
f';{ /8" g1 anotex
79" ayamoter
dtuinlese Steel {Hurdenubis) AclaSels Tuoe 418 Chemie

éslas to apolys
do%v Holled Annealed
1% 1/8" ataneter
Hot Helled sp Holled
1" & 1/8" dismoter
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oS 1l

Gondition a8 zevsived

B )
seletain inghet «otunl Condition am
itom Qe houpd = secelirved

1 302 (Lueg) 1 Gold kolled 4w Lolled
2 802 (18«8) 8 Cold solled e nolled
& 303 (lo=t i Aot u0llod ag iolled
A 408 (108 1 2ot s0llod »unenled
b 408 (15~08) 8 dot w0lleod snnesloed
6 416 (13=08) 1 not bolled Anpesled
9% 4315 (13-06) 1 40t ¥olled ig Kolled

1a atomm 4, 402K, notually Typo Asievels
{.D B128E)

480

2. Garpenter ¢eel Corpany ltem 7 s, without doubt
jdertioal with ltem O, althouph ordered As Rolled
iisas Bormalineld).
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TABLE Va

Tabulation of Results of Three
Salt Spray Tests on
18«8 (Types 302 - 303) Stainless Steels

Specimens Lxhibiting Most Resistance
%0 Corrosion are at Head of Series

Order of
Corrosion
Re¢nistance
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TABLE VIA

Tfabulation of Results of Three
Salt Spray Tests on
13«06 (Types 403 - 416) Stainless Steels

Specimens Exhibiting Most hesistance
to Corrosion are at Head of Series

.3
wow _ Set ¥l Set 2 Set_i8 i
rg Ea g 03-3
k8o 16 Hrs, in 20 Hres., in 28 Hrs, in Avorage J’EELQ
Salt Spray Sslt Spray Sslt Spray _Rating
1 H416C H416C H416C H416C 1
2 £403C E403C £403C 54030 2
3 H403C H403C H403C H403C 3
4 0402C 1416C 1£416C k416C Beb
b A403C C403C A4leX C403C 53
6 A416K A416C A403C A4l16K 6
7 A416C A4leK 0403C 4403C 6e3
8 H416K A403C A416C A416C 7
9 4160 H4l 6K H4leK H4) 6K 8,6
10 C416C 416K C4l6K E418K 10,3
11 416K C4l6X E416K 416K 11
18 416K C4l16C C416C C4160 11,3
13 A T=416C A 7-416C A 7-4160 A 7-416C 13
14 E408K H403K H403K H403K 14.3
16 H403K E403K E403K L4038K 1446
16 U038k 403K €403K 0403K 186
17 A403K A403K A403K A403K i7
18 A T-416K A T=416K A T=416K A 7T-416K 18
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okl la

Heat Cre«timent snd Fhysiesl ¢roperties of
62, 308, 408 amd 418 Iyps Htuinless Steeln
Yunafactared by Larpenter .tesl Coxpany

7igo X
sl gnbol Lock Howt [restment —_
3 A3626 1" £o0ld rolled ¢ rolled {(as received), y
s3ulu 1" rully souealed by uenehing ir BeQ from 1626%F. fompered sl pulbss

2 HIBC 2" Luld rollea am rolled (ug received,

. Gsuzu 3" Fully orpeuled by .uesching iR EoC Iram 1u26% .,

S L3020 2" rully znposled by cusnening in HeU fyom 168697, Tenpered ay &M/
HEGSY 3" Fully aonezlod by (ueuching in BpO frem 162E%F. tempored st 9b0UF.
nSURBC 1" ot rodled o# roiled {(mm recelvad).

8 L503C 1" ally uznealed by goenching in HpO from 1BE69F, lPempered ut HOOCK,

4 ~4UBC 1" dot rolled annsaled {ug reseived;,

b ~403C 3"  dot rolled wunealed {ae receivedl. ¢

8 41460 1" iot rolled arnmmled (:8 received!,
a7=416¢ 1" ol relled «s rolled (se roosived) {Prodavly snnculed. .

. C7=416C 1"  Arnealed by ceolingz in furhmsce frun 14Y6% 4,
£7=416C 1" wanehet in oil from 1B2B° Y. Tempored at BOOS I, 1
#7-418C " uenched ir il from 18259 7, iempered at 9U° ¥, ‘

ot
P S 3

v




3
3
A
i
2
4

T wale | roof neduction
Levis b -kross  alongution of Arew Sxinel]l iogkwell Igleroseope

Ji g0 25,750 84,2 30+6 163 82 3 22

. Ly, 200 32,600 69.6 78.9 146 7% B 21

B 3,700 43,750 64.6 6740 166 61 B 22

0 57 .80 .. 00 27 LU0 6944 THe6 157 73 B 19

UV . BE,W0 oo, 10 27,000 T8e0 1846 146 7" 2 24

09%. w,,?o TS| 25,000 7Ge0 T b 143 73 £1

oo B0 LS00 57,L00 bbb 36ed 183 69 B 29
Ve Kbl jend astorial for determinution of the physical properties in this gondition,

e¥, 0 14,200 70,000 LHel 4543 207 92 B 2

\ b4,® 1. ,100 67,600 838 42.4 21g 14 C 26

8 ‘,?0 cla8b0 27,500 26,2 627 170 84 8 21

- 8y b2, 000 29,500 25e0 620 i79 87 » 24

JB0 71 000 9,000 3240 8346 149 7 £2

, 0 '1:4.‘3(3{3 3‘7,500 3.8 273 521 % C 45

14,0 Liv,500 95 ,C00 1346 4340 332 34 ¢ 44




f.8kn 13 {(Continued )

Heat (ractment usud Cbyesienl rroyertiee of
502, 303, 403 and 4156 Iype Stainless Stecls
Supufuctured by Crucible .iteesl lampany.

Jize
cbel ymbol  stook dent Iree Lmend

;  -BuZ 1" Cold rolled ae rolled (sa received).

L3026 17 ially snnesled by cuenonling in Hy0 from 1828° »r,

5 Bl 3% Cold rolled ss rolled {us received). ;?*
2 L3021 7 Fully anncaled by querehing in lg0 from 1588° &, i

L3, 26 3" fully annexlod by gmenehing in liz0 from 1626° ¢, ‘Tempered at 600"}5#"1~

23022 3" Fully unnesled By cuenehing in HoO from 1826° F. Teupered st 95(7"'1»’%
; «~SUBK 17 dot rolled ue rolled {am received), :
4308k 1" Fully snnocaled by quenehing ir HeO from 18885° ¥, Teumpered &t HO0O%P4
&  «ADBK 1" Holt rolled annecled (as reeeived),

4403 3" Hot rolled sanesnled (2g reeeivwed),
& 416w 1Y ot rolled unnesled (us received ).

aTedléi 1”7  #0t% rolled as rolled {(am received), 1

CT-416% 1"  Aupesled by eocling in furmase from 1476° ¥,
K7e4l6i 1" <uenched in oil from 16269 ¥, Temperxed ut HGOC ¥,
B7=4) 68 1" .wenched in ¢ll from 1825° ¥, Zewpersd at 9E0° ¥, ]




s RS T T ‘enpile  Froof reduetion
% aodmd itrongth dtrees slongmtion of Ares Srinell iogkwell glggﬁggggg

110,900 134,000 67 600 288 5l.3 269 28 C {2
¢ FoOSR, ar,p» 110,780 16,600 5040 §9.2 167 &6 B 29
b 66,0 106,700 £2,b0u 5445 66ed 208 9C B &2
£6,7:7 1LY 7B 37,600 L2640 56e2 196 89 3 20
, bLOOR, b, . 1L7,000 47,600 £544 H8.7 208 88 B 30
L YEOYR, 80, . 106,150 64,000 4546 4504 207 89 b 31
48, . 99 20 £7,606 53«8 6Ge7 174 86 B 24
(R IRSTEL-F N 42¢u~ 96,760 31,280 6444 Gbed 170 842 3 26
60,0 2L, 700 £ 000 259 672 6% $0 B 27
60, 4 54,400 50,000 29,1 71.8 174 &6 B 21
) BO,b: . uu, 060 29,000 R840 $3.0 163 83 3 23
104, 164,600 50,000 Y60 £2.4 302 29 € 42
b‘ COo L &GO QE,E‘OG 280 506 166 83 B £4
101 LOO 1&9 106 45,000 10.8 3l.1 321 g9 ¢ 48
11’ Xy 162,3()0 31}.000 14,2 3940 35z 33 C 48
%
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ToBa §

neting of loeb and 15-08
Jatdeor Corrosion 3Spoglimans

~“Itey 60 lays in sataer
Gromp 1 uroup i1 Group {14
Yery hifficult Difficult Bagily
to Gruds t o Graded
i H303K 13 H4l 8K 24 403K
2 HBORC 14 B303C 25 B403K
3 H302C 15 H4)1 480 24 44030
4 H302K 16 416K 27 AJOBK
& R308% 7 A416K 28 C4L3C
8 ¢302¢ 186 C303C 29 Aqlel
Y 230&C 19 £4lek 30c AV-416C
& G208 20 E4l160C 31 AT=4) 6K
9 C30Lx 21 14030 32 C418C
10 S308% 28 £403C o A4UK
11 B308C £3 AZ08¢C 34 C403K
12 ADOSK
TABLE X1

huting of 1l8e8 Uutdgor Corrosiom
fipegimens After 60 Days in weuther
{Letnllurgiecal Condition from Table III)

demarioal

LN - .2!!31. ——digteliurgienl Condithon

1 e "18”0 "o

2 33013 Le=18856° #,

3 E308%¢ NewlBR39 F,

4 H302X “e ‘15“‘ ¥,

& H308K ,‘lﬂl§° P-

é G308¢C ‘e .wu

4 43080 Cold ROII.‘

8 030‘1 0.19"0 ?.

9 C308K ko"ls“. )
10 E308K veelURS® P,
1 ESOSC  G.elu289 ¥,
i AJ0SK Hot 501101 ig
18 H308C e “l.“ t O
14 C303C ST TLES
i AB03C
1 AS0RK _ Cold Foldeds

T9-960‘ '0
T.~960° 'o
Te=b009 ¥o
700950‘ F O
T=500° 7,
Te=iione

Te=done
Teoiione
T.~500® ¥,

Teo9809 7,
2e=Hone

Hot Relled is Leoeived
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TubL. 811

weling of 15-06 vutdoor Lorrosion
dpecimens «fter 40 Juys ln ~rsuther.
(%etallurgieal Govdition fyom fadble L11)

Humerxionl

Heting = Symbol

1
2

-

L =B 2 S ] SO L

10

12
13
14
ib
1§
17

H4lak
H416¢
G4lée
2416a
h4lén
4160
H403C
5408¢C
A403E
HA03k
A403C
€4035¢
4160
AT=416C
AT-4156%
Geido
AL0BL
408K

Wetnllurgigul condition

«e»1826°% 1,  L.=950° &,

x.-lﬁgﬁg e 1.09500 ko
songalay 1476°% s,

Hot .olled @ sgosived,

[t 0

L e™lHBEY 2, Tewb000 ¥,
we=lb®bY 7, £eeBOOC x4
~owiB260 7, P, «2B0Y 1,
Le~1828° 2, PewBOOR ¥,
Lewlt28° P, 1,-500° ¥,
wee1888° ¥,  i.,e260° r,
Hot nelies .2 heceived.
annesled 1475° ¥,

dot holled annealod,

50t holled Annesled.

Het hollod Am Holleéd,
Annenlasd 14780 ¥,

Hos kollod »p Lssoived,

anneloed 14759 i,
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fallae watld

sglative baohinocubliity of 18«8
snd 13«00 tainlese Sieels,
(For Heut Trectment Jes ruble 1ii,}

e ~416 C & & ¥, al0f% C & & 16, L4OS C
Be A Te4l6 C & & 10, H3IO8 ¢ 4 . 17. H402 C
4 2303 C & 11, C308 ¢ & £ 18, .03 i
. R303 0 & K 18, 3308 C & £ 19, 4403 k1
6. C303 C & £ 13, HB02 C & K
7. C403 ¢ & & 14, H418 C & X

1almoct impousidble to mnchine due to0 exvessive narduess,

.o Al £fieulty vwus encountered in fobricativg
corrosion and toensile specimeng frgw the 16«8 and 13-00
type staicnloas sioels, except in two cakes, theose bvelag
with he 403K type uieel which had boer hurdened (o=
tunlly iype 420}, recelved from (rucidle Jteel vowpany.

The 18«8 items, us usoted in inble VII, are
below £00 Brinell hurdnees iy all conditione of heat
trentnent; winile the 13«06 itena possess a naxinum hards
pu?: of 364 (ddsrcpurding 408X and :403K), oee lable
¥ill. '
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. ¥The term "3Staimless™ implies nothing beyond the corrosion re-
sistant requirements of this spesifiocation. ,
< 1(.. .
-t - - } P I e
v ey . e - Fap P ”:’h’%’i’-«iimﬁ,’(}ﬁz,“‘:‘;"&«m et 3‘:’::5.:'!7- , LI

“ﬁw‘
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Rt L et ey st o

Hoe isluaa resusl iy P
Lenilativs lyecificution Juno £2, 19&-

SPSEL, SPALNLESS®, BILIWTS, BARS, KODS,
SHRETS, STRIPS, PLATES, TUBES AND FORGINGS.

I. General Specifications.

1, The following specifications in effect on date of in-
vitaulion of bide form a part of this specification:

Federal QQ-Melbl istals, General Specification
for Ingpection of,

UoSoArmy 10002 Standard Specificstion for
dorking Shipments.

II, Qrades, Types Olssses, Etg.,

1, Stainless Steel mnder this specification shall be of
the Clarses Types, Grades and Conditions set forth in iadle I
and shall be Jdesignated in the sontract or purchase order ace
cording to their respective Type and Symbol numbers as detailed
in Table I, Briefly, they are:

Class Typel Grade

Chromium-liigkel 202 Mot Hardenabdble.,
" " 304 lot Hardenable, Welding Quality.

" " 303 MNot Furdenable, Free Maschining uuality.
" . 308%W HNot Hardenable, Free Machininge~¥elding
Luality.
Chromium (plain) 403 Hardemable.
n " 450W Not Hardemable,6 wWelding Quality.
» " 416 Hardenadle, Free Machining,
. » 430FW Not Hardenadble, Free Machining-welding
Qualityo
" » 420 EHardensble.
8 Special Speeia

See Table X for detail Type and Symdel Bumbers.

bowwdk . ¥
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TABLE I
TYPES, GRADES  CLASSES, HTC.

O

-~

A~

l

‘ror

AR Desig- Spscial

nated.

To be Cited in Cone As Specified.
tract or Purchase
Urder,

Type Grades and Degoription
and Metallurgical
Cluss Symbol Characteristics Cr. Ni. G Condition
302 Not Hardenable - 18 8 .20 Max.Fully Anncaled (Quenched).
202H Good Corrosion Reo 18 8 020 " Hot Kolled.
g _, 3o2¢ sistance ‘hen Fully 18 8 «20 " Cold Finished,
E;g 3044 iAnnealed. 18 8 008 " Welding Quality Fully Annealed (]
o
N 303 Free Machining. Not 18 8 .20 " FKully 4nnealed {Quenched).
o 303H Hardenable. Good cor- 18 8 c20 " Hot Rolled,
3 303C roaion hesistance 18 8 +20 " Cold Finished.
303w when Fully Annealed. 18 8 08 " Welding Quality Fully Aunealed (Qu:
403H Hardenable. Good 13 © 12 " Hot Rolled, Hormalized.
g 4030 Corrosion Resistance 13 e .12 " Cold Finished,
3 4057  vYhen Hout Treatad. 18 - 012 " Heat Treated (Quenched and Tempar:
5 430W 17 © 12 " Welding Quality.
§ 416H Fres Mschining. Hard- 13 © .12 " 1Hot Rolled.
o AL.6C enable. Good Corrosionl3 - «12 " Cold Finished.
e 4167 Fesistance Vhem Heat 13 - o2 " Heat 1reated {Quenched anc emps:.
Y 4B0FW  Yreated. 17 e 12 " Velding Quality.
@
3 420  High Hardemability. 13 o  Bb Min.Hot Rolled,
2 49200 Poor Corrosion Ree 13 “ <36 " Cold Finighed.
4207 sistance Even When 13 © 036 " Heat Treated {Quenched and Tamye:
Heat Yroated.
,Special

.o

»)"&‘}:"‘ VI8
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@@f gyb$%p¥ <, o
; %ﬂ« s

1 Mw’ﬂﬁ' Ly =

?(h nrm:.z,_wr

St of Jymbols und General Preoperties of other Steinless co ipositions, 889 By o= ¢
5 or consgult dmnufacturers hopreseniuuive.
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. sabrication (ixcept Welding) from Baxr, Kod, Sheet, Plate or Tubs.
~ urging or other Hot Work Requiring Re~-Treatment.

212l Finish or Dimensional Tolerances.
cod Construction Where Re<Treatment is nct possidle,

.«brication (Exeept Wuwlding) Where Machinabiliiy is Paramount.
rorging or other Hok Work Requiring Reolreatment.

. ul Plnish or Dimensional Tolerances.

‘ 0d Conmstruction Where Re-Treatment is not possible.

~abrication, Re-Forging or other Hot Work, to be followed by & Hurdening Heat
izl Fionish or Dimensional Tolerances. (‘reatment.
fbrication Where Machinability ocan be sacrificed for Iimensional precision,

- ndad for Velded Construction and Deep Drawing Operatiors.

rabrication, Re-forging or other Hot iiork, to be followed by a Hardening Heat

cial ¥inish or Dimensional Tolersnces. {Ireatment.
“ubrication Whexre Machinability can be sacrificed for Dimensional precision.
~ttizd for Welded Construction and Deep Drawing Operations,

sbrication, Re-Forging or other Hot Vierk, to be followed hy a Hardening fcat
. =inl Finish or Dimensional Tolerances, (Treatment.
cabrication by Grinding.

.rdpsnos Application not Covered by Lypes above
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2. This specification oomprehends the Following fubzic. .
formn of atainlesnm sitasl:

Porm 1 « Billets. Form b « Strips,
Foxm 2 - Bars,. Form 6 - Plates,
Porm 3 - Rods, Yorm 7 « Tubesg,
Porm 4 ~ Sheets. Form 8 « Forgings.

-

IIX, Haterial and Horkmanship.

1.(a) The ingot% from which the material ip made in sat~
isfaection of thie specification shall be produced by the ¢leotric
furnace or crucible process, '

{v) éuffloiont discard ghall ve taken from euch ingot Lo
insure freedom from injurious plping and undue sdgregution.

2,{a) ¥Materisl furnished under this spacification shell bs
free from seams, laminations, blisters, excesslve and detschabls
soale or any other injurious defeot,

(b) ALl sheets, plates, stripe (except coils) ghall be
lat, straight and havs a smooth, dull finish, unless otherwisa
spacified in the contract or purchase order.

(c) Material ordersd pilckled shall be wholly free from
gonle.

(¢) Cold finished material shall have a smooth, bright
finish.

IV. General Reguirements.

1. Billets, rods, bars and forgings ehall be reduced frow
ingote by hot rolling, pressing or hammering. Surface defects
ghall be removed by chipping, grinding or other approved mwethodis
before f£inal rolling or farging.

2, T » material shall contain no walds.

3o RIDDERS AR RELUIRED T0 STATE THE BRAND MAME AND
CHEKICAL CDRTUSITION OFFERED At Tul TId OF HAXING PHOLOSL:S.

4, Certified chemical snalyses and physioal tesit reporis
will not be required unless so specified in the contract oxr pure
chase order.

6o Billets are defined as sectlons 4" x 4" or of squiva-
lont area.
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8 Bars gro defined as amesotions less thaa 4" x 4" or
less than that equivalsat arese

7.  The uniform clasgification of sheets, plates and
strips ig shown in Table I1,

LABLE II

Uniform Classification of
Sheets, Plates and Strips

1B01/2"  :sWider Than:Wider Than: 24"  :Wider
sor 254", Lesm 6", Leas : to sPhan
Product :less Than 6" :Phan 24" 2 48" 548"
$ A 355235 sONZE0 s0N1870
: s tThick ané :Thiok and:Thick and
Plates  :lNone sNone iupy ougg 18po
eets & 3 ‘ 8 s 0¢ 105059
Hot : H s +Thiek to :Thick to
Ro;;sd :None s None zNono °0"250 °0"1875
eots B
Hot sLess Thanslola ‘Than °Loss Then °Lass Thanonoss Than
Rolled :07250 s0%084 t08069 £ 080569 08069
ggggalod ¢dhigk OThég? :Thick zThig; :Th;g;
eots ¢ 3 3 2
Cold 8 12" tn 24" wide g
Rolled ¢ Lesa thun 0”028 Thick ¢ _All Thioknesses
: 1o s 3
Strips ¢ Less Than 12" wide :07029 ¢ 3
cold $  All Thicknesses Thick end § g
Re 3 2% s None :lione
Str pa 307026 308030 203069 s :
Bot s to :to sto s :
Rolled  :0¥850 s 08260 sQR260 slone s None

HOTE:~ MNaterial 6" and narrower, and 07250 thick and thicker
shall be ordered as bor stocke.

Y. Detail KReguirements,
1o Chemioel Compogition and FPhysiosl Froperties.

f{a) Unlems otherwise apeoified in the coniract or pure
chace orier, material furnished under this sprecifiocation shall cone
form tg chemi.cal analyess and physical properties set forth in
fable 111,

o A




~sn,
P

™

£

ar {' ]

et

s - . . - >

(“ {"’g l'uﬁbz\} I\L[ ‘&‘} U
o CHEMICAL ARALYSES ABD DHYSICAL PROPSATILS -
BARS, RODS, PLATOS, BILLEPS AKD FULGAnGH
(UHLESS OTHEENISE SPECIFISD IR CONTHACY ORX PUMCHASK ULDER.)
‘Y0 . ? . . . .
i % Hangae  Phowe % % P g %
mbol  Carbun  _ _nese phorus = sulphor  Siligon  Ijckel = Chromium Coppox
508 20 ka:t. 050 iﬁax. o3 ﬁ-)axo «03 }!’fﬂxo 050 m. 700 Bﬂ»n. 17.0 }-uin. «b0 Eax.
.0z .20 .50 03 <03 050 7.0 17.0 50
r2¢ 20 B0 " 02 208 " 50 v 7.0 ° 17.0 " «H0 "
O W08 50 " W03 0% b0 " 7.0 " 17,0 " B0
;02 W20 " W70 * .1b "} ,B0 *§ LG50 7.0 " A0 " oBO "
" OBH e20 70 ¢ 16 ¥ 60 "1 v " 7.0 " 17,0 ™ B0 "
~ 0B .20 ¢ S0 " Jd6 "1 JBO "y b0 T 7.0 " 17.0 " 050
3% 08 S0 " JdE "1 g0 b0 " 7.0 " 17,0 ¥ B0 ¥
oS S - S S SN - ~SOKRXs 1200 Nax. o300
Ste [ ' 'y o Y o - [ 0

4027 422 " 460 " o0B " .05 "  o40 " B0 " 18,0 " .80 °
a30% 12 v .50 ° 05 ° W03 " B0 " B0 " 1600 MNin, .60
416 «12 « 60 v o1b b « B0 " 50 " « 50 ol 1300 M «B0 "
4164 A2 B0 a5 " B0 " &0 L0 " 120 ™ 60
4160 2 «80 * W6 7 60 50 oBO ™ 13,0 50
4187 (12 ¢ o530 o " L0 " 50 ¢ SO 1%,0 * B0 7
4307 J12 " 60 7 O3 " 40 L0 " oS50 ™ 1Be” Mine o560 "
4201 o35 Hino 60 " 03 " 02 " B0 % oB0 " 15oD MaXe 50 "
4200 Sh 050 7 W03 " .03 * .50 " .50 " 1540 B0 T
4207 Zp 060 " 203 " 03 " 50 " B0 *  1be0 " 50 ¥

cpeeial As cited in Contrect or Purghuase Ordero

nota 1. vhen Enosphorua exceods 04}, Sulplur shail not exceed .06}

2. Blddor t0 giate percentage and glemunt or elenents offered for non-slesing and

from-zachining oropsrties,
3, Cheets and Stxips only - 1809 flst hack orver one thickoess without eracking,
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b0 "
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&G "
o0 7
cbO if
«£50
.50 1
.E‘G "
o850 ¢
PYLe] b
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b o560 ¢
50 ¢
gsing and

aehinge

1o 0f Yiold Ultinate %
treae Strongth Strength ; ngduction Hax
DeBale PaBele De®slo Elongntion of ares b} )
LL Rizen 30,000 Max. 40,000 Kin, 90,000 xin. 40 Min, 56 Lin., 1t
v 25,000 Hine - - - - )
# 256,000 Min. - - - - .8
N 30,000 Hox. - 60,000 ixin, 36 Min. 50 Min, 1Y
¢ 40,000 knx., 40,000 ¥in, 90,000 Xin, 46 Min. b0 ¥in, 1§
! 25,000 iin, - - - - 24
2F ,000 Min, - o - - 32
" 26,000 Naxe - 80,000 iin. 46 iin, 50 sin, 14

Y0 be ospable of hdet treatment to Brinell 387 iilne, 269 kaxe, as |
T3> be oupable of heuts troatnent to Brinell 38Y Min..&el Muxa., A8
70,000 Kin. 90,000 Kin, 120,000 M¥in. 16 ine 66 iin.

Shatl not be capablo ot hardmins to more than Brinell 248 &ax.

‘0 be cupable of heat Sreatment to Brinell 787 Min,, 269 iax.,
Yo be oopudle of heat treatwent to Brinell Z8Y iin,, 269 Mux.,
10 Le capable 0f haut treatmesat to Brimell 387 Kin., 269 Hux.,
70,000 iin, 90,000 Min., 120,000 Xim, 16 Min, 58 Miuo
3hall not bve oapab).o of hnrdoning 10 more than Brinell 2486,

70 be capable of hest troutment to Rockwell "C" Hardnea® 60 iiin.

To o capabdle ¢f hoat treutment to livekwell "C" iirdness
S0t Specified 200,000 ﬁ;n.Zb0,000 Kin, 10 4¥in, 25 ¥in.

A8 Spogified in Contrsct or 2urgnate Order,
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h % hgduotion . Hardnoss
slonzation of area srinell  Cold send

“ihe 40O Min, 5B Uine 180 Kuax,

- - z" mxc 3‘

- - . 321 ¥ax, 8
#in, 36 Hin, bO Min, 180 Mux. o3
Xin, 46 AMin, 60 ¥in. 180 idux,. : g

- - 26% ilax, "

- - 321 Max, o 3
wifle 45 ine 50 Hin, 180 Lax.

to Brinell 387 iiin., 269 laxe, A8 lcceived,
$o Brinell 387 mn.,.&ax Mtaxe, A Leceived.
) Mine 15 in, BB Min., 3BY idax. As heg'd.

g 0 nore than Brinell 248 isx.

to Brinell 367 ¥in,, 269 lex,, 49 hecolved,
to Brinell 367 aln., £69 Nux., is leceived,
to Brimell 367 Kln., 269 Maxe., A8 kecelved.
J Xine 16 Min,. 66 Mino 287 Waxe 4g Lea'd,

ne to more than GHrinsll 248,

to Eookwell "C" Hurdnees 60 kine Brin. 269 Hux.isfee'd. ]
Fto kookwell "C" lirdness 50 iin. Drin, 269 Kax.isReoll.;

Eine 10 Mixn, 25 ¥in. 444 BAin, Ag heo do
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{b} Bs it noted that in Teble IIY a Speclal Class
t7pe snd Grade 1s prosided so that procuring agencies msy
seavrs any sininless sieel not comprehsnded under Yabls ill
+f iz specifiocation

{c) Any detall reguirement not included in this
specification end doemed neocessury for the procurement of sat~
igfactory stainless material shall be incorporsated in ths con~
vract or purchasgs order.

2,y Pormigsidle Variations. UnlesSs otherwiszse specified
in the contrect or purchess order, ell material purchased wader
this speocification mhall conform to the atandard permissible
variations for size, weight, chysck analyses, gauge, thickness,
flatness, camber and straighinese as rocognized by smsrican
Steel Marzufacturers’ Stsndard Fractice and as set forth in the
Aswoolation of American Steel Manufacturers' publications and
the American Iron snd Steel Institute puviieations.

¥YI.

Hethods of Insgpection and Test.

1. Chemigsel Analysnes.

{a) Chemipal analyses msy be made at the option of
the Government inspector by him or through him st any Government

Labaratory or othexr designated rapresentative, and without cos?
to the contractor,

{%! The uvmber oy tests and the selection of samples
shall be left to the dlserstion of the Government i.aspector,
3nd s?all follow ths details set Torth in Federal Specification
WQoiw161,

2. Phyaical Properties. The Government inspector shall
satisfy himsclf thet the materisl furnished by the contractor
complies with the requirements of Table III of this specifica~
tion by performing such tests as he deems necsssary to insure
compliance,

3. Bend Test, Bend {estm on sheets, etr'ps and plates
shall be performed at the option of the Government inspectox.

4. Yield Strength, The yield strength shall be determined
as the stress in pounds per square inch ocalonlated for the load
at which a«n elongation of 08006 per inch of gauge length ocours.
fhis elongation may be determinsd by the "dividers nathod” or by
the extensometay method.
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L Fegol Stress.  Fraef slress
ribying o stress of § 000 ponnde per
the roynired minimum vroof stress and 0ting the permaven’
giangation, 1 any, after the rsleage of atrega. additiounl
~wregses shall bo applied in inorements of 2,000 pounds pse
sqiare inch wntil s permanent elongation of 0J000) per imnh «f
gauge length has besn exceeded, The lest load reading isken
prior» to the point whore & permunent elongation of 0"0001 per
inoh of gauge length is sxcseded shall be recorded as thse pract
load , and {rom %this the proof stress shall be calouleted
Proof Stress is definsd as that stress in pouwnds per mquare luok
er originmrl crogswsectionr whigh & materisl 1e capakle of with.
standing without resulting in 4 permanent eloagation of more ire«
08000% per iroh of gaage length after complete releasse of strge:
Proof stress shall be determined by using an sxtensometer cuvabla
o & direot resding of 070001,

6, Brinell and Kockwell 'Pests., The inspoector shall mugsz
sufficlent Brinell and Rockwell hardness tests o determiane if
the meterial furnished by the contractor complies with ths s«
guiremonte of Table III of this specification.

7 Corrosion Testas, Haterial furnished under this speni-
Zication skhall meat the requirements of sorrosion resistance uel
forth in Tabls IV cof this apecification. At his option, tha
Government inspector may perform snch corrosion tests %o deter
mine 1f the contractor complirl with thip detail requirement of
the gpelification.

8, Permesbility Tests., Unleas otherwlse specified in the
sontraet oF purchase oraer, magnetic permeability will not be
determined.

9. Rejecticn., UMaterial not meeting the reguirements of
this specification or thosgs of the contract or purchase order
ghall be rejected and the contractor notified, Material which
ghows injurious defects while being fabricaied shall be rejectied
and tho contractor notified. The oontrasctor is permitted Lifteen
days from the time of notification to make such check determina-
tions 88 are necessaxy and he shall be required to replace the
material within thirty days after firet notification unless an
agresment to the contrary is made between the contraotor and
the proouring agency. .

¥ile .'E’acking and H&rkMg-

1. Identification. All materisl furnished wndsr this
gpecification shall Do ldentified by the manufecturar®e melt or
heat number and each billet, bar, rod, sheel, strip, plate,
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+ YToneor Pforging zhall be legihly atsmped with the CType Nusber
'F Bl Lt in the comiract or purohass ordsr snd ag shown in

the coxrres onding tyve under iable fL,

2, fhe involee, psoking slip or manifest of shipment
ghall indicate the Type or Symbol, thse menufscturar's Brand
Name , the contract or purchese order numbar, the heat number.
the spegoification number, the form and weight of the material
furnished,

3o  Haterlial mhall be paucked for shipment im acgordance
with commeroclal practice fur acceptance by common or other care
rist for safe transportetion at lowest cost to place of de~
ilvary,

4, All other detsils of packing and marking shall be as
pregcribed in the requirsments of U, S. Army Specification 1007,

. ViII, MNotes.

1. Composition Type 302 in the fully annealed condition

is recommended for direct fadriostion of parts where high corroe-
sion resistanss is desirable., Type 302 H im recommended where

' re-~forging or octher hot work is contemplated and should slwsys
be followed by a treatment to securc maximum corrosion resistancs-
This treatment consists in quenching the material from a tempuras~
tures of 18000 ¥, to 2000¢ F, ir water, This treatment may be fol-
lowsd by 8 tempering hesi of 600% ¥, Type 302 C is a cold fine
ished materisl and is provided whers special dimensional axd
finish tolerancez are desirabls and is recommended for tnrret
lathe operations but should be followed by the annealing hasnt
tresimant as presoribed under 302 H. 'Yype 304¥% is & composition
having & low ¢sarbon content which makes it suitadble for weldsd
sangtrustion and 1s speclally recommended where re~heat treaiment
i wvot poeeilbls after welding, o 303 . the fres machining vari-
ant of Lype 302, is recommended whers aiftiomds machining is con«
tenplated snd where a slight saorifice of corrosion resigtanse is
possidle, 305 H and 203 C are gsimilar to Type 302 H amd 302 ¢ and
should be trested in the same mannex. They are, however 6K frae ma-
chining types and their corrosion resistance is sligh*tiy inferior
to their 302 analiogies,

&s  Other types and symbols and their netallurgical and
chemioal charscteristics are shown in Tabie ¥, This table is in-
tended &8 & gulde Yo procurs material of @ composiltion ovhexr Vhan
those set forth in the body of this specification,
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ve  Type 408 4, T and € wre the bardanwble straight vuiose
lum typeg of stuinless steel. Yhelr corrosion resisturce in
slighily inferior Lo thav of ths Z02 and 503 types bul the i«
vroved physlcal properties makes them highly desirabla foxr sex
tzln fabrication. Becsusse of thelr hardensble tondencies. tne,
sxa aob recommonded for welded construction, For this purnosse
Type 430% hus been added. Il1ts composition lirtts are so wdjonted
that this metorial will not harden upon welding and hence not
lose ita corrosion resistant properties, Type 403 H gund C ghocld
ulways be followsed by & heat tresitment 1f optimum gorrosgion res
gistance is to be expscted.

4o Type 416H, T and € are the Free Machining Straight
Chromium steels of the hardenable type and are analegous to 407
fypes and ehouid be treated ia tha sume wanner. Their cerresiou
repistance is slightly inferior to 403 types but the improved
machineability, due to the addition of oeximin chemlioal elemeute
makes them desirable where high strengiths are necessary. Sincs
the 416 sexies is hardenable, they are noi recommendad for wsldsed
congtruetion. For this purpose, Type 430FW hag heen added end
its composition limite are 8o aajusted that it may bs welded with
&8 minimum loss in sorrosion rosistance,

bo Type 420H, C and T ars high Carbon stainless steels of
the Cutlery Type, heving a high degree of hardenability but relse
tively poor corrosion resistancy and they are rsoommended only
vhere high hardness is necessary, Steel of the Type SAEK 52100 is
& goold substitute for this stainless steel, having & higher hard-
enabillty and better physical properties, Its corrosion rasigiance
ls only slightliy poorer and neither steel can bs o¢allsd truly
"gtainloas” .

6o  SPECIAL STAINLESS designeted in this specification is
included 80 that proouring sgencies, not adhle to secure material
noeting their requirsments f£rom the other five types herein sst
forth, may use this gpecial deaignation as a flexible clause to
permi% procuromant ©f sauch material under this specification. I%
i3 suggested that the typs numbers set forth in Table V be usad
in connection with thims Speocisl Stainlose designation,

Hotioe:  VWhen Government drawings, spscifications, ox othe§ d?ta
ars uged for any purpose other 1 il sonnootion with s deXinltely
related Govermment proosursment opgration, the United States Gove
erpment thereby incurs xun0 responeiblliilty nor any obligation whatls
sosver; end the fant that the Government may have formuiabed, Lux
nighed, or in any way supplied the sald drawings, specifications,
or other data, is not to he regarded by implication or otherwlise
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ag in ooy menner llcensing the holder ox any othex person op
gorporation or cenveylng any rights or permiseion o menufacture, 3
usg,. or sell any patantsd invention that may in any way be ree

loted thereto.

NOTEs Coples of this speciflcoation may be obiained from the
Office of the Chlef of Ordnance, Washington, D, C.
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Figure 1

Proparation for Test
&) Yough mechine 0 within 1/64" of dimensions showm in
Migure 1,
(b; Pnish machine without cutiing compound or lubricant.
{o) Remove tool marke with & worn 12" smooth flat m2ll file.
{d) Remove file marke with new, iron-free, dry, lo., 00 emary
cloth, while specimen rotaies at a speed of about 400

KoM,
{o) Vash with benzol.
ff) Viash with water~free methyl or ethyl alcohols.
g) Dxy in air blast.

Parformoncs of Test
{a) Introduce gpecimen into salt spray fank on glass plate 80
4iltod that no condensed vapor will accumulate at base

of specimen,

{5) 2djust continuous spraye

{o) Observe specimen at intervals of 5 hours until the pue-
goribed time has elapsed, noting hours to failure 1%
follure oocurse.

(a) If failure ocours, re~machine %the specimen, removing not
lessg than OX0OLO from the exposed surfaces and rapead
Proparation for Test (2) above. )

02 Re=expose the gpecimen as directed in Z(a), (b) and (o).

ol

Failuws upén ro-oxposuve shell he onuse for redection.
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4, Revors of Goxrosion Teath h

' =7 1F Toterial 1s found to be matisfactory under "3" shove, |

1% shall be reported as follows: ﬁ
‘ Poaymed Hour Salt Spray Exposure. q

(b} If material fails under "3" above, it shall be repoxrted
as follows:
Failed Selt Spray Ixposurs rfter Hourse,
1 1]
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