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This invention relates to steel structures for
use at low temperatures, some or al of the com-
ponent parts of which are united by a welding
operation. |

It is well-known that ordinary welded steel
structures are not savisfactory for use at low
temperatures. Both the steel and the welds be-
come embrittled to such an extent that the struc-

tures fail when subjected to load. These fail-

ures manifest themselves by cracking and rup-
- turing of the steel or welds and are directly re-

lated to loss of ductility at the low temperatures
involved, |

It is generally accepted by engineers that a
structural steel or part must have a Charpy im-
pact value of at least 10 ft. Ibs. before it can be
- used in engineering structures. Below that value
the ductility is unsatisfactory. The usua] grade
of structure steel suitable for the production of
electrically

~ peratures an average Charpy impact value rang-
Ing from about 60 ft. Ibs. at 100° F. to about
43 ft. lbs. at 0° F. Below 0° the impact value
Is erratic and tests show that at —50° p. Charpy
| are obtained which vary within
the rather broad range of 6-38 ft. 1bs.
—100° F. ordinary structural steel has a Charpy
Impact value of about 2-3 ft. Ibs. This signifies
practically complete loss of ductility and such
material is, therefore, unsuited for use in steel

welded products has at ordinary tem-

themselves capable of retaining adequate duc-
tlity at low temperatures, it has not been pos-
sible to weld the same in such manner that the
welds resist embrittlement at such temperatures.
Therefore, engineers are still seeking a moder-
ately priced material which can be employed at
low temperatures and which can be welded in
such manner that the welds are at least as sub-

. Stantially resistant to embrittlement as the base
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structures which are subjected to load. By usu- -

al or ordinary structural steel, I mean a stee]
which has a carbon content up to approximately
0.35% with the balance iron except for the usual
contaminants in normal amounts.

It is also known that some materials are sat-
isfactory for use in low temperature work in con-
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impact value of at least

metals or alloys themselves, So far as I am
aware, this problem has not heretofore been suc-
cessfully solved and it is with the solution of
this problem that my present invention ig con-
cerned. -

One of the objects of my present invention, ac-
cordingly, is to produce welded structures in which
both the base material and the welds gre resist-
ant to embrittlement even at temperatures as low
as —260° F. and which at such temperatures have
& Charpy impact value af 10 ft. Ibs. oy more. |

Another object of my invention resides in pro-
ducing welded structures which have g Charpy

10 ft, Ibs. at tempera-
tures as low as —260° ¥ and in which the com-
position of the base metal or alloy and the com-

position of the weld metal are predeterminedly
correlated.

special composition and in which
impact value of any portion of the
ture ranges
—260° P,
Other and further objects and advantages wili
either be pointed out in the following description

the minimum

welded struc-
from about 18-20 ft. 1bs. at about

- or will be understood or appreciated by those

structing load-bearng structures but that these

are unduly expensive. Therefore, for large struc-
tures the cost becomes prohibitive and frequently
also the use of such materials gives rise to other
pProblems, particularly welding problems. The
austenitic stainless steels containing about 189,
chromium, about 8% nickel, with low carbon and
the balance iron except for the usual contami-
nants in normal amounts are theoretically satis-
Tactory for low temperature work but, practically,
are not employed because of the Inordinate ex-
pense and the difficulty in welding such materigl.
Copper and aluminum are also capable of being
employed at low temperatures without undue loss
of ductility but they too are expensive and at
the present time scarce. Even where it has been
possible to employ metals or alloys which are
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versed in this subject.
The attached drawing forming part of this ap-

Plication illustrates a welded steel structure em-
bodying this invention.
In the drawing:

Figure 1 is a sectional view of
of a welded steel storage tank embodying this
invention and in this view, the width of the weld
bands is exaggerated for the purpose of 1llus-
tration. ~

Flg. 2 is a fragmentary sectional view taken
through a typical weld seam uniting adjacent

the inner shell
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ture, a steel having the following composition:
*" Percent
e U —— About 0.10 to 0.30
MANEANESE mmwmeec i ————————— About 0.30 to 0.50
SilicON ccmemne—=mmencen———— Ahout 0.10 to 0.20
Nickel oo cemm e e - About 3.0 to4.0
SUlphUr e e mm—e e Up to about 0.04
PhosSphor'lUS c—ameeccecmmamm————— Up to akout 0.04
_________________________________ Balance

~ Iron

A nickel content of approximately 314, 9% 1is pre-
- ferred but I have found that nickel may be sat-
isfactorily employed within the range of about
0.5-10%. - |

This steel is cast in ingot molds in the con=
~ ventionsl manner and s preferably -deoxidized
by the addition thereto 0Of approximsately .08%

aluminum while the steel Ig still in the moltenn

stete. 'The Ingots are reduced in the usua]l man-
ner and rolled into plates, bars end other de-
sired shapes, hereinafter designated as compo-
nent structural parts. After roliing, the compo-
nent structural parts should preferably be nor-
malized at a temperature of about 1550° F.

After the febrication of the component gtruc-

tural parts, they may be properly prepared for

welding in known manner, as by cleaning, pick-

ling sandblasting, polishing, or the like. I then

prehest the component structural parts to a tem-
perature ranging from ebout 170-350° F, While
the entire parts can, if desired, be raised to pre-
heating
only essential that those areas of the parts b
preheated which are adjacent the metal which
is to be welded. The welding operation is car-
ried out by means of the known electric arc proc-
ess, using & covered metallic electrode which con-
tains about 15-30% of chromium with the bal-
ance iron except for a percentage of nickel whici
may range from about 10-30%. By employing
covered electrodes, atmospheric gases are €X-
cluded and better welds are thus secured. The
use of covered electrodes ls
ond is not per se deemed to be & part of the
present invention. Uncovered electrodes may be
employed with success but the best results are
secured by using covered electrodes. In connecs
tion with the composition of the electrode, I have
discovered that a metallic electrode contalning
‘approximately 26% chromium and approximsate-
ly 20%
timum results, and this particular electrode come-
nosition Is, therefore, deemed to be an important

part of my present invention. |
Wwelds made in accordance with the foregoing

procedure are charscterized by the fact thet the
" base metal or material is not penetrated by the
weld metal to a very great or deep extent. There
is & definite alloying of the weld metal and the
base metal or material such &s is characterized,
for example, by pertg united by brazing., In
practicing the present invention, I have been able
to secure butt-welded joints in plates of the
base material above specifled heving & Charpy
impact value of about 18-20 ft. lbs. at a tem-
perature of —260° F. The welded structure SO
produced is further charecterized by the fact that
such values are equaled or exceeded in the weld
metal itself and in the fusion and heat-affected
zones adjacent the welds. So far as I know,

known in welding
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these results are unique and have not heretcfore
been even approximated. -

‘Welded structures ag above described and pro-
duced in accordance with the procedure set forth
are especially adapted for use in low temperature
containers, 1. e., those for storing liquefled natural
gas and other materials as typified by my co-
pending applications Serial No, 426,012, flled
January 8, 1042, and Serial No. 426,182, filed
January 9, 1942. It is to be particularly noted,
furthermore, that I employ welding compositions
having 50% or more of iron while still obtain-
ing welds that are fully satisfactory &b low tems-
peratures, even temperatures down €O about
—360° . or less. This has both economic and
structural advantages es will be eppreciated.

An important feature of my new procedure
resides in the preheating step in which connec- .
tlon arees of the componeng structural paris
adjscent the metal to be united by the welding
operation are raised to 2 temperature, pbove the
prevailing ambient temperature but noet to &
temperaturs high enough to bring about adverse
chenges in respeet to ductility or grain size.

. 7t is to be further understood theat the presg-

ent invention may be employed in connection
with the use of & backing-up strip for the weld

_ metal as illustrated in my aforesaid copending
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epplication, Serlal No. 426,012, .
The foregoing is to be undersiood ag illugira-

" tive and not as restrictive and within the pur-

temperature, I have found that it is

36

&0

view hereof I may resort to other and further
edditions, omissions, substitutions and modifice-
tions without departing from the invention, the
scope of which is rather that defined by the ap-
pended claims.

Faving thus described my- invention, whet I
cla,ir;ls os new and desire to secure by Letters Pat-
ent is:

1. A welded steel structure which during nor-
maeal use is subjected to load while &t & tempera-

" ture below —100° P. which is charscterized by
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nickel with the remainder iron gives Op- .
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possessing & minimum Charpy impact value of
at least 10 foot pounds et & temperature &s low
as about —260° F. and which is fabricated irom
component structural parts formed irom ailoy
steel consisting only of iron, carbon angd nickel,
except for usual impurities in common amounts,
the carbon content ranging from about 0.10% to
0.30%, and the nickel content ranging from 3.00%
+n not over 10.00%: said parts being united by
weld metal consisting only of iron, chromium and
nickel, except for usual impurities in common
amounts; the chromium content of sald weld
metal ranging from ebout 20.00% to not over
30.00%, the nickel content ranging from about
18.00% to about 25.00% and the carbon conient
not exceeding 0.30%.

9 A tank for storing llquefled gas at a tem-
perature in the nelghborhood of —260° I, and
which at such temperature has & ductility repre-
sented by & Charpy impact value of at least 10
foot pounds, said tank being fabricated from &

 plurality of butt welded alloy steel plates of the
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composition set forth in claim 1 and in which
the weld metal uniting said plates is deposited
weld metal and has the same composition as the
weld metal set forth in claim 1.

JAMES O. JACKSON.
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