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THi% fnvention relates 16 éf.lloy stéels and miore
parﬁculétrly to- 10w alloy; high tehsile strength
steels: adapted for &na‘nu cture: éf ‘plates -suit-
Hhle for Welding by cotm y

An object of* ‘the" ifivention is the provision of
& Tow: - alloy, high- tensile streng‘th ‘steel pautlc-
ulrly adapted to be welded by commerclal pro-
cedses Without: fmdesn'abie ‘hardening in'the Zone
‘of'the weld.

A firther objéct of the i ven‘blon is the pro-
vision ‘of ‘Stch &n aflloy ‘steel: wherein a 'specific
‘Goribinétion: 'of: alleymg eleme‘nts ‘tan Pe varied
within définite Yahges t6: provide pioper weld-
a{diﬁty and strength for Varying thicknésses of
plate

THe *foregomg obJects gre fAchieved: in ‘the pres-
entinvention by the provision of &'hew ‘and lse-
ful combination 68 ‘all6ying slements which to-
gether with iron are combmed to give an alloy
steel having the dédivsble tensile properties,
toughness and ductlhty ‘common to present da,y
‘1ot Alloy or mild alloy stéels fogether with im-
proved-welding -characteristics.

High' tensile @lloy 'stedls inténded for welded
plate fabrication have heretofore “been: subject
to serious shortcommgs When a - plate of steel
is welded by gas, métallic’ or ‘carbon arc, or elec~
trical esistande methods, a zone ‘called the heat
affectéd. zone; next £o the fused: weld metal, is
heated to ‘teimperatiires ralging from 'the lower
critical-point up -to -the-melting-range-of the al-
loy. After the welding operatioh, ‘as  this zone
cools, the steel' therein- may under certain con-
ditions become excessively hard, even to the ex-
tent.ofmequiring cracks:which: are 'somietimes ire-
ferred: toas underbead:cracks: -“The hirdening
tetidency in the:léat affected:zone’is aggravated
when the carbon content: of the:alloy:is increased
or:-‘certain alloying elements are added to raise
the strength 'of the. steel..

In the past; it has been necessary for-the steel
industry toigdopt.one or more.costly and laborious
expedients: 'to avoid excessive hardening ‘and
cracking diring welding. operations. = One:such
.expedlient ‘is. to restrict the. carbon: content 'of
the steel to:less than about 0.12.per cent. The
actual percentage of certain widely used alloy
-steels: fabricated rinto :plate s doout0:09: to70.11
:per cént. When! itHe cdrboh éontent:is restricted
“in this 'mianner; ‘it istnecesSary-to add relatively
“ler'geand costly: ‘Hrdoutits of 'dlloying: elements
ta:Brovide $trength:in: the ultiinate composition.

“Present comrmercialihigh tensilersteels inténded
‘ror weldihg -contain rélatively: la.rge amounts: of
Tmanganese, ‘chromiuti, riiekel; :copper; and:phos-
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Accorgding. to-our inventivhy; &-dow. alloysteel
1% ‘providéd of’ ‘High tensile proﬁerties rd of 'Suit-
able :quctility safidfolighness: withéut: thie:hards-
25 enability common to the manganese steels of the
Prior &rt. Our. steels contain between 0.12 and
0,20 ‘per- cent ‘carbon and-between 040 atid 0300
per‘ceht manganese
Wheréas in the pr1or art steels w1th 190
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inches, we sometimes find it desirable to increase

_ the tensile streéngth of the ultimate composition

by the addition of nickel sufficient to raise the
total nickel content to between 0.50 and 1.0 per
cent.  Such addition does not critically increase
the hardening tharacteristics of the alloy in the

_ heat affected zone of the weld: -

In the practice of our invention, it is unnec-
essary to employ copper as an alloying ingredient
unless relatively minor amounts are désired for
improving the corrosion resistance of light sheets
and plates. In no case do we find it necessary
and desirable to add over 0.35 per cent copper.
In the normal practice of our invention, our steels
will contain only residial amounts of phosphorus
commmon to acid or basic melting practice. We
sometimes add small amounts of phosphorus to
our high strergth steel in order to take advan-
tage of its strengthening effect, but in such event,

the total phosphorus is maintained below a maxi- .

mum of 0.08 pér cent. : .

Our steels contain between 0.50 and 1.50 per
cent silicon and in formulation of individusal
heats according to our invention we prefer to

adjust the amount of manganese employed within o;

the limits above stated in proportion to the
amount of silicon. Thus, when 0.50 per cent of

. silicon is employed we use in the neighborhood

of 0.40 per cent of manganese which is near the

lower limit of the operable range of amounts, 3

while, on the other hand, when higher percent-
ages of silicon are employed, the amount of
manganese is proportionately increased.

In our steels, improved welding properties are

obtained by the addition of titanium in conjunc-

tion with another alloying element. The element
used in conjunction with titanium can be molyb-
denum or vanadium or columbium or zirconium.
The amount of titanium employed is between
0.03 and 0.20 per cent of the steel and the amount
of the additional element used in conjunction
therewith is between 0.10 and 0.45 per cent.
Thus, a steel prepared according to our inven-
tion will conform to the following analysis:

_ Percentage

Carbon..___ : -— 012 {0 0.20
Manganese_ ... ________ —~- 0.40 to 0.90
Silieon - 0.50 to 1.50 -
Molybdenum 6t columbium or zir-

conium or vanadium...._____. 0.10 to 0.45
Titanium_ 0.03 to 0.20
Phosphorus_ . ___________ 0.08 maximum
Sulphur-. . ________ .. 0.04 maximum

Nickel. - Trace to 1.00
Trace to 0.35
0.20 maximum

The remainder is iron containing -impurities
incidental to the commercial productien of steel.

We have found that alloy- steels within the
foregoing ranges will provide a high tensile steel
having yield strengths comparable to or supe-
rior to other high strength steels now used in the
industry together with greatly reduced harden-
ability characteristics under the influence of
welding. Thus, careful hardness measurements
made with a Knoop or Vickers diamond indenter
scarcely ever-show a hardness in excess of 300
in the heat effected zone after welding. Like-
wise, steel formulated with the above alloying
ingredients in the range of proportions stated
exhibit freedom from underbead cracking even
under severe welding conditions. -
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of our invention, we have discovered that a com-
bination of carbon, manganese, and silicon within
the above ranges together with a combination of
titanium and another allaying element selected
from the group consisting of molybdenum, zir-
conium, vanadium and columbium provides a
novel combination of high strength and im-
proved weldability-in steel together with freedom
from objectionable alloying elements. In prac-
ticing our invention, titanium is combined with
one of the elements in the aforesaid group in a
ratio of about 1 part titanium to between 3 and
8 parts of said element. Thus, the steel may
contain, for example, 0.10 per cent vanadium
and 0,03 per cent titanium, or as another example
0.05 per cent titanium may be combined with 0.18
per cent molybdenum, and a third example is
the use of 0.04 per cent titanium with 0.12 per
cent zirconium. In using columbium, we prefer
to employ about 0.40 per cent in conjunction with
0.05 per cent titanium. We prefer that the
amount of titanium plus the amount of one of
the aforesaid four elements with which it is com-~
bined should be limited to a total of between
0.13 and 0.50 per cent of said steel.

It will be seen that alloy steels made in accord-
ance with these principles readily provide con-
siderably higher yield points together with im-
pbroved weldability than is possible under the
bresent art. For example, practically all the
bresent commercially developed high strength
steels are made to-only 45,000 p. s. i. minimum in
plates over one-half inch thick. Using our in-
vention we have readily produced seven-eighths
inch thick plates-having yield points of 50,000
to 63,000 pounds per square inch. A steel pre-
pared in these ranges had the following chem-~
ical analysis and physical properties:

Analysis
(o] Mn P S Si Cr Ni Cu Ti A\
24| 68 |08 027 .55 |10 | 6 |17 |od | m
Properties
Yield Tensile | L8 Cent | po. gens
3 Elongation
B Point Strength in 8 inches Red Area
49, 700 l 71,200 l -26.7 ’ 58,2

A preferred composition for the production of
one-half inch plate of improved welding charac-
teristics is obtained from a heat corresponding
to the following analysis:

Percentage
Carbon_.._____________.__ 0.14 )
Manganese. .. ___________ 0.65
Silicon_..________________ 0.75
Molybdenum.__._________________ 0.18
Titenivm- __________________ 0.05
Phosphorus. .- _____________ 0.06 maximum
Sulphure.. . ___________________ 0.04 maximum

- For a more detailed presentation of the advan-
tages of low weld hardenability coupled with
high-tensile strength Properties, reference is
made o our article entitled: “Some observations
on the welding of manganese steels,” The Weld-
ing Journal Research Supplement, October, 1944,

Steels conforming to the analyses herein de-

Tn order more particularly to define the nature 75 seribed and claimed exhibjt Jominy curves very
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similar to that shown for heat 421 in Fig, 7 of
the reference article.

Having thus described our invention with the
aid of illustrative examples, it is to be understood
that our invention is not to be taken as limited
thereto, the scope of the invention being defined
by the appended claims wherein the particular
ranges of amounts specified may be, of course,
subject to slight variations without departing
from the spirit of the invention.

We claim:

1. A low alloy, high tensile steel suitable for
the production of plates having improved weld-
ability, said steel containing 0.12 to 0.20 per cent
carbon, 4.40 to 0.90 per cent manganese, 0.50 to
1.50 per cent silicon, 0.08 per cent maximum
phosphorus, 0.04 per cent maximum sulphur,
0.20 per cent maximum chromium, from a trace
to 1.0 per cent nickel, from a trace to 0.35 per
cent copper, 0.03 to 0.20 per cent titanium, 0.10
to 0.45 per cent of an element selected from the
group consisting of molybdenum, zirconium,
vanadium and columbium, the remainder being
substantially all iron.

2. A low alloy, high tensile steel suitable for
the production of plates having improved weld-
ability, said steel containing 0.12 to 0.20 per cent
carbon, 0.40 to 0.90 per cent manganese, 0.50 to
1,50 per cent silicon, 0.08 per cent maximum
phosphorus, 0.04¢ per cent maximum sulphur,
020 per cent maximum chromium, from a
trace to 1.0 per cent nickel; from a trace to 0.35
ber cent copper, titanium and an element se-
lected from the group consisting of molybdenum,
zirconium, vanadium and columbium, the ratio
of the amount of titanium present to that of
said element being between 1 to 8 and 1 to 8 and
the total amount of titanium and said element
being from 0.13 to 0.50 per cent of said steel,
the remainder being substantially all iron.

3. A low alloy, high tensile steel suitable for
the production of plates up to about one inch
thick having improved weldability, said steel con-
taining 0.12 to 0.20 per cent carbon, 0.40 to 0.90
per cent manganese, 0.50 to 1.50 per cent silicon,
0.08 per cent maximum phosphorus, 0.04 per cent
maximum sulphur, 0.20 per cent maximum
chromium, 0.25 per cent maximum nickel, from
a trace to 0.35 per cent copper, 0.03 to 0.20 per

per cent titanium and 0.10 to 0.45 per cent of

an element selected from the group consisting
of molybdenum, zirconium, vanadium and
columbium, the remainder being substantially
all iron.

4. A low alloy, high tensile steel suitable for
the production of: plates from about 34 inch
thick to about 2% inches thick having improved
weldability, said steel containing 0.12 to 0.20 per
cent carbon, 0.40 to 0.90 per cent manganese,
0.50 to 1.50 per cent silicon, 0.08 per cent maxi-
mum phosphorus, 0.04 per cent maximum sul-
phur, 0.20 per cernt maximum chromium, 0.50 to
1.0 per cent nickel, from a trace to 0.35 per cent
copper, 0.03 to 0.20 per cent titanium and 0.10 to
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045 per cent of an element selected from the
group congsisting of molybdenum, zirconium,
vanadium and columbium, the remainder being
substantially all iron.,

5. A low alloy, high tensile steel suitable for
production of plates having improved weldability,
said steel containing 0.12 to 0.20 per cent car-
bon, 0.40 to 0.90 per cent manganese, 0.50 to 1.50
per cent silicon, 0.12 to 0.25 per cent molyb-
denum, 0.03 to 0.20 titanium, 0.08 per cent
maximum phosphorus,  0.04 per c¢ent maxi-
mum sulphur, 0.20 per cent maximum chromium,
from a trace t¢ 1.00 per cent nickel and from a
trace to 0.35 per cent copper, the remainder be-
ing substantially all iron.

6. A low alloy, high tensile steel suitable for
the production of plates having improved weld-
ability, said steel containing 0.12 to 0.20 per cent
carbon, 0.40 to 0.90 per cent manganese, 0.50 to
1.50 per cent gilicon, 0.10 to 0.20 per cent zir-
conium, 0.03 to 0.20 per cent titanium, 0.08 per
cent maximum phosphorus, 0.04 per cent maxi-
mum sulphur, 0.20 per cent maximum chromium,
from a trace to 1.00 per cent nickel and from a
trace to 0.35 per cent copper, the remainder be-
ing substantially all iron.

7. A low alloy, high tensile steel suitable for
the production of plates having improved weld-
ability, said steel containing 0.12 to 0.20 per cent
carbon, 0.40 to 0.90 per cent manganese, 0.50 to
1.580 per cent silicon, 0.20 to 0.45 per cent
columbium, 0.03 to 0.20 per cent titanium, 0.08
per cent maximum phosphorus, 0.04 per cent
maximum sulphur, 0.20 per cent maximum
chromium, from a trace to 1.00 per cent nickel
and from a trace to 0.35 per cent copper, the re-
mainder being substantially all iron.

ALVIN G. WAGGONER.
WILLIAM B. BROOKS.
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