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The follewing is a report of an Investigation into
the adaptabillty of stairipss iron L0 the manufacture of
vecuperator parts.

This material 1s being considered bescause it seems
to off%r e solution to the corrosion problem and at the
same time to be 2 meial with sufficlently high physiecal
properties to properly prerform this duty. Some ofithoso
recupsrators are now being memifactured at Rock Island
Arsenal,.

Roeck Island Arsenal obtained their material from the
Rustlsss Iron Corporation of Ameriece, 1001 Edison Highway,
Baltimore, Maryland under the following specificationse.

Stainless iryon to bhe annsaled but not
plickled and to have the followlng approx-

imate chemical analysise

0aPhoNn =~ = = = = o =« « « = 12 Max,
Hanganese= = = « = « = = = 35 « 60
Silicone= = = = = = = = = « 50 liax,
03 lmxe

]
]
i
t
¢
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]
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Phosphorus
11.5 - 13.00

Chromium =
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Brinoil hardness that will be furnished
in the amnealed stats 207 Max.

After rough machining, this material will be hent
trented at this arsenal to have the following physical

propertien,

Tensile strength - - -

Yield Point: = = « = «

Elongation =« = = « .
Reduction of Arefiw = =«
Brinell Hardnesg « = =

In this material, it is desired to secure the highest
rust and corrosion resisting qualities possible for the
manufacture of recoll mechanlisms for gun carriages.
ial to bs furnished and tested in accordance with Ordnance
Department Specificatlons Ho. 57=107B except vhere detailed

specificatlions deviate thersfron,

The material furnished was Rustless Iron Corperation's
Defirust Nustless Irone It was furnished in bars of the

followding sizes.

1-3/4" round

2!!
e3 /4"
3=5/8"
5 %W

1"

1

AL

i

© peYr Sqe Ine

L3

150,000 Ibse
Per SQe INe

16%
50%
350

e
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R —p——.



o1
o

o

ki

.
L

o ‘y;’:‘ﬂzf

e e e

o —
REI

o S A A NS Aot B2 S AL Ko
{EEtissiin b leeaty s AR

AT
PAOS L ae ¥

e
33

o e 0T e e
TR P A W

v Gl e

AT T L N E RO

. N . .
GG SR

LR A

'i}-:,

s

AT
G

24
ke

2
s
o
P2
R
A3

B T T R

From these bars, cylinders having the following wall
thicknesses at the tims they were heat treated were manu=~
factured,

AMr cylinders, wall thickness 13/16"

Recoil cylinders, wall thickness 11/16%

011 cylinders, wall thickness 13/16"
Bquilibrator cylinders, wall thickness 3/8"
BEquilibeator Plungers, wall thickuess 9/16"

Chemicel analysis of the two lots ns recelved gave the
following renrultse

ot Noe 1 Lot Noe. 2
Ce «08 = 409 »10
e ¢35 ~ .38 v40 ~ J42
Cre 12460 ~13.00 12,40-12,80

The general method of manufacture adapted was to drill
o&t the center of the bar in the Stecher drill to approx-
imately 1/8" less than the finished diameter and to rough
turn the exterior of the bar., The tubss thue rrrtislily
riachined were heat trestsd and then fin .gh machined,

The heat treetment of this material nroved rathay
troublesomw. The cylinders, approximately <0 inches i~
iength, wsre so long that there was no squipment availarls
in vhich these pearts could be oll quenched in a vertical

positions 1Irnasmich es stainless irons end steels are in
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on the side towerd tho central pipe throughout their length,
The cylinder to be quenched was drawn out of the furnace,
lifted and dropped down over the central pipe thus giving

a positive rapid flow of alr on both thse interior and oxe
terior of the hot cylinderse The standardized heat treat-
nont adopted was to bring the cylinders to 1825°F, allow
them to scak at this temperature for 1-1/2 hours and then
to quench in air followed by a draw at 1000°F, The cyl=
inders were held at this temperature for at least two hours,
The equilibrator plungers were s0 small that they could not
be quenched on this fixture, therefors, they were oll quenche
ed and given the same drawe The results of this hardening
as far as hardness was concernoed were as followse

The hardness of the air quan;had ¢ylinders as hardened
varied from Brinell 364 -« 428, The hardness of the oil
quenched plungers as hardened was Brinell 364401, The
Brinell obtained on the draw for the alr hardened cylinders
was 302 ~ 311 - 321 - 321 - 364 - 387 and for the oll
hardenoed plungers 286 - 321 - 364, 1In & few cases draw
temperatures other than 1000 were found necessary and the
fellowing results were obtained,

Por the air hardened cylinders drawn at 1015 F, Brinell
herdness of 286 « 314 « 321 and for the o0il hardenasd plunger
364, For air hardened cylinders drawn st 1020°F a Brinell
hardness of 286 = 203,
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he physica: properties obbtainsd were somswhat erratic,
It was originally attempted to determine the elastic limit
by the drop of the besm mpthod but this was found impessidble
as there wns no perceptible drop of the beame It was found
necessary to plot the astress straln curves of the specimens
and to assume the elastic 1limit as that point at which the
proportion between the stress and the strain rreatly ine-
creased, It wasg in fact trken as that point where the curve
started to break from a straight line to a curve, 'The surves
for the spscimans pulled are shown .a charts numbers 1 to §
inclusive, It will be noticed that these curves show soms
rather wide variations, This was the cause of considerabls
question, It was also noted that the test specimens oft-
tirmes brolke in a lowyitudinal direction os showm in the ine
cloasd . »ture before they broke off laterally. “he breaks
arc ' ~own in two other pictures which illustrate the Jagged
non-aiform type of fracture with its accompanying longltud=-
inal cracks. wsveral Charpy impact specimens of this stesl
rore prepared and brokene 7These specimens showed, with two
exceptions, a fairly uniform but very low impasct value as

follow

L e ey
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pecimen Brinell

.ark ‘nile Lo Lbse Jalues

1 146 5 oS0 340

1A 136 P077 311

1 146 w99

1 14b,2 5698

3 12545 36,60 )

3 144 ﬂeQQS;

D> 14765 4439 ; B64m322=3064=352 13025340,
3 14543 6949 ;

3 14545 6049 ;

3 147,85 4439 ;

2 146 5499 332

o 14845 519 ) 302-321
& 146 4499 ;

'mifortunately these specimens ot 'ixed up in the
Laboratory before the [rinell hardnesses could be btaken
80 that it 18 1»mogeible to sav exoetlr which spsecimen
nad an; _iven lardness except sor those two apecimens
14 and 2 of which there was only one ropresentative Charpy
test speciman.

“he gteel was then exsmined mlcroscopically. Picture
doe T 13 a micropgraph of the steel as recelved in the annealw
ad condition, Wasgnificetion 120%, This shows nmumerous ine
clngloneg which nve ug our first inkiing that the irrspgular-
ities in the tenalle test and the veculiar breaks right “e

e ho dirt ateel, Clebture Jo. 10 iz a vderopruaph of an

10w

ST T e

s

i




g

r quench from 1E23CF.

i

Y
PR

Sraw 1000°F.

125%.

II;ag L 4

10,

No.




1

R N oY
il quench from 1¢05°%

3

48 hardened structure,

Longitudinal specimen,

Inlag . 120X .

Joe 11,

PR L, )
AN BRI R s A e Ay pasSat e 0%

AT




N B D S S R TSR e

AT

R

Lo e R

- .
. . 1 d
. *e . qp
Y ’ 3
- LS * g
3 *
. LS . %
. ¥
L LR 4 2
& 4
Tt . . 3
. .
L 3
L] . .
L ] . -
-° .
: . ¥ 4
5 . e
: o - . -, -
2 ‘ . |
= ' | .
4 . ‘. ;
B | . ‘
R . :
= . .
= ‘
& ‘ .

T
V..
R
e
v
JE O o o
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zir guenched speclmen drewn at 1000 degrees, magnifica-

tion 125¥. This shows the slmost complete martensetie

structure obtalned in this steels It was then questioned )

as to whether the mlero structure of an oil quenched speci~

mon would be any better, 4 small pieee of stesl, approx-

jmately 3/8% square, was oil gquenched and then polished
jfilerograph Noes 11 shows this plece of steele
Thig specimen

and obtched,
It shows the sams microscopic structure,
is taker longitudinally of the bar and the inclusions shown

in thiz micrograph are drawn out and elongateds A speci=~

men of this steel was then examined under the wmicroscope

in the unetched condition, Hicrograph No, 12 shows ths

condition thus founds
A thin slies of a 3-5/8" bar was given a macro otche

. This showed a rather porous center and around ths exterior
1% showed the presence of several elongated string=like
irclusions, See plcture No. 13,

After heat treatment, it was found necessary to straight-

on all of thae cylinders., Originelly it wes attempted to do

the first cylinder tried straightened without any
The second cylindser broke under & rather light load,

thic colds

trouble,
Teo specimens were taken from this cylindsy and pulled in

tho Laboratory. See graphs Ho, 2 and 3, The question of

comparative hardness betwesn exterior and interior was
also investigated on this broken cylinder end 1t was found
that the inbterior gave a Brinsll hardress of 311 ageinat

wlie
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? a Brinell hardness of 203 on the exterior., The remain~-

% ing cylinders were all heated to about 900 degrees and

% straightened hot., There was no difficulty in so straight-
§ ening them agd to date they have exhibited very little

% tendsncy to warpe

In the completion of this job, vhese cylinders will

s

SRS

be welded into wokes and heads welded into the alr cylinders,

Inasmuch as this material had exhiblited & high sensltivity

to heat, the effect of this welding on the material was ine-

L Vo TP L

vestigated. Two flat pileces of metal about 1/2" thick were

e
b

et

welded together, after first having taken an average Rock=-
well C hardness ascross one of these plates., This hardness,
vhich averaged Rockwsll C 37,2 or ahout 364 Brinell, was
reduced by the welding operation to an average Rockwell C

of 30.4 or azbout Brinell 296, The four air cylinders which

E had the head welded in were also tested for hardnosse Cyle=
inder No. 1 showed a hardness of Brinell 401 at the weld
% and 363 about three inches away from the weld, Cylinder Noe

i 2 showed Brinell 255 in the weld and about 401 three inches

from the welde Cylinder No, 3 showed 363 in the weld and

about 415 three inches from the weld, Cyvlinder No., 4 showed

%
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401 in the weld and about 429 three inchss from the weld, The

% hardness figure for the point three inchss from the weld may
%1 be questioned inasmuch as the wall thiclmess of tiese cyl-
,é inders ls -only 5/16 of an inch g0 that it is probable that
'g . the Brinell reading is unrelliable, The Brinell reading
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taken in the weld was taken directly over the welded-in
head so that the mstal was completely supported at this
point, MNeverthelsss these figures seem Lo show that the
welding opsration, depending upon the weldeyr, may eithar
soften or harden this metal, This is rsadily understande
able when thought is given to welding temperatures snd
to the fact that this i¢ an alr hardening steel, It was
also found that the welding of the head into the cyle
inder caused the cylinders to go out of round up to ,005
inches. Inssmuch aa these cylinders have not yet been
welded into the yokes, no information is availsble as to
the result of this operation, but it is anticipated that
1t may both warp the cylinder and caunse it to go slightly
out of round,

The following is a partial report on the machining
of the stainless irons It will be several weeks before
this work is completede To date no serious difficulties
have been encountered in machining or grinding this metere
ials The shop has sueccessfully handled material with
Brinell hardnesses ranging from 302 to 387, Thls mater=

ial was originally drilled in the Utecher Drill to intere

ior diameters ranging up to 3~1/8 inchese

13w
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Speed 5B ReP.le This
The heat

Food 004" per revolution,
is the egquivalent of drilling 17-1/4" per hour,

treated cylinders were then hognosed with a
Cut 125"
ffeed +025" per revolution,

Surface spesd 24 £t, pser minute,

They were rough turnsd with a
cut 3/32"
Fead 027" per revolution.
Surface speed 37 [t. per minute,
They were rough reamsd with a
Feed ,008" per revolution,

surface speed 24 ft, per ninuts,

Cut 05",
They were finish reamed with a wood pack reamer re=
moving +015 to (020" stock with a
Feod 012" per revolutlon.
surfacs speed 24 fte per minute.

They wore finish turned with a
cut 1/32%
Peed .U27" per revolution,
Suvface speed 37 ft. por minute,

The exterior surface will be {finished by grinding

which to date, slthough only about 10% .ons, has shown

[y

no difficultlies.
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8 The wood pack reamer blades used were made of Star
;; Zzenith and Rex AA Steele The turning tools were made of

a ‘'special Watertown Arsenal Holybdenum Tool Steel, Rex

AA and Nasco steelse The interior square thread has been

easily cut following ordinary shop routine, The drilliag
and counterboring of the communicating holes in these cyle
Inders has been accomplished with no trouble following
ordinary shop practices The cutting of the interior key=
ways has also been accouplished without difficulty followe
ing the usual shop practices Regular shop tools have so
far been Tound satisfactory,

The advisabllity of adopting this material for gene
eral manufacture is questioned. Even though it is readily
possible to machine stainlses lron, the metallurgical con-
siderations seem to outewweigh its value otherwise, That
is, the materlal shows a very lov impact value and no way
has been found here to inerease this wvalue. The heat
treatment of this raterial is troublesome in that a change
of temperature of 10 degrees has changsd the hardness by
as mach as fifty points lrinell, The literature availe
sble on the heat treatment and the physieal properties
to be expscted has been found quite inmccurate, The phy=
sical propertiss obtained with any standard heat treat-
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ment have been found to give wide variations. The asgembly
of these parts by wslding can also be expected to cause
both soft and hard gpots in ths finishsd cylinders.
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The temperatures at vhieh this materiel has to be
hardensd are so high, namely 1825°F, and the soaking tima
at this temperature so long, approximately two hours, that
it is seriously doubted whether any standard type of fure
nace would stand up In continuous operation without ex-
cessive cost for repairs due to contimed usage at this
high temperature, The soaking time required at the draw-
ing temperature 1ls also approximately &two hours, These
long periods would tend to slow up a quantity production
of this materlal, It has not been possible for us to
harden more. than six cylinders in any one day snd this
only after having set our electric furnaces so that they
automatically switched on at about 1:00 A.Mes which means
that our furnaces were used for spproximately fifteen
hours in crder to get & production of six units, Where
powsr costs are high, this would run the hesat {treating

cost of this materlal up considerably,

Le S. Fletcher,
L’t.’ Orde Dept.,
UeSehs
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