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Synopsis

The purpose of this paper is to descvibe how Sumitomo has developed new products on the basis of customer

needs. Automobiles should have not only function as a transporiation device, but also protect human life,

harmonize with society and perform vesponsibly for the environment. In order to fit these purposes, Sumitomo has

been developing new products and also new fechnology such as no heat-treatment micro-alloyed steels and cold

heading quality, boron-added steels and newly-developing combinations of material and process technology.

1. Sumitomo’s Strategy to the Variation
of Customer Needs

Sumitomo started producing steels for machine
structural use in the 1960’s when the automobile
industry grew rapidly in Japan. At that time, the
domestic annual capacity for producing automobiles
increased by 500 000 a year, so the automotive indus-
try desired that its operation should be efficient and
steels also should show stable quality. Therefore,
demand for high machinability resulted in develop-
ment of several kinds of free-cutting steels such as
sulfur, lead and calcium free-cutting steel. The
amount of production of the free-cutting steels was
increasing accompanied by automation of machin-
ing lines. On the other hand, steels suitable for cold
heading were standardizing in conjunction with
increasing application of cold heading for many
parts.

As the number of automobiles increased rapidly in
Japan, Japanese people became aware of the impor-
tance of harmonizing automobiles with society.
Hence the acts concerning safety, exhaust gases or
noise began to be effective and much more strictly
up to date. To improve the gear’s dimensional
accuracy against noise originating from the drive
line, the desire for tight control of chemical compo-
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sition and hardenability tight control resulted in the
need for less strain steel.

In order to satisfy these needs, Sumitomo Metals
developed many technologies listed below: vacuum
arc degasser (VAD), large section continuous bloom
caster, wire rod mill with stelmor cooling device,
block mill, horizontal-vertical rolling, bar mill
equipped with no-tension-control, super finishing
mill (SFM), and bar-in-coil device. Also both rolling
mills were equipped with on-line hot eddy current
testers. With all this, Sumitomo Metals was able to
produce the bars and wire rods which showed not
only excellent surface quality but also homogeneous
chemical composition and thus hardenability.

2. Trend of Needs

The domestic automobile industry has been
affected enormously during its developing stages by
the factors listed below.

First, harmonization of the automobile and soci-
ety such as safety, exhausted gases and noise, result-
ed from rapid domestic motorization. Second,
resource and energy saving which began during the
energy crisis. Third, international competitiveness
under the appreciation of the Japanese Yen and also
one-way globalization, that is hollowing out of
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economy. Finally, environmental issues, such as
recycling of waste, which has caused the industry to
handle more strictly than ever.

As a result, cost saving, high performance and a
flexible manufacturing system (FMS) are becoming
important issues. Table 1 summarizes customer
needs which are needed of the specialty steels.

Regulation of exhaust gas requires special equip-
ment which causes the weight increase of automo-
biles so that a light-weight car is required. In addi-
tion to the shift from front engine rear drive (FR)
cars to front engine front drive (FF) cars, rationali-
zation of parts structure and application of light-
weight material, strengthening and new material
are adopted. As for steels, strengthening and higher
surface and internal quality are required.

To decrease the noise of the car, the control of
sympathetic vibrations from the standpoint of struc-
ture and the absorption of sound and vibration are
tried. As for parts made of wire rods or bars, the
decrease of clearance at the rotating part and the
modification of precision are used. In case of gears,
increased contact area by improving the accuracy of
manufacturing gears and increased height or num-
ber of teeth are helpful to make gear noise low.
Therefore, steels for gears are required to be low

strain and low fluctuation of strain. High strength
steel, such as with narrowly controlled har-
denability and stable quality, are required.

With the energy crisis as a turning point, the
automobile industry became aware of the impor-
tance of energy saving. As a result, saving fuel oil
consumption through the improvement of engines
and the decrease of running resistance were put into
practical use. Examples of modified engine parts
are the change of the rotating crank shaft from a
cast to forged product, and a lighter connecting rod
by adopting high strength steel rather than conven-
tional steel.

Efforts to make lighter or more compact engines
are continuing. As a result, higher engine power is
obtained with the same size engines as before. As
for the transmission, higher torque is required even
though the volume is limited to the same size as
before. Thus, the need to increase gear strength
should be included with increasing the power of the
engine. This power improvement corresponds to the
tendency of consumers’ needs for four wheel drive
and turbo-chargers. To decrease driving resistance,
steel radial tires have been applied. Ultra-fine wire
which is drawn to only 0.2mm diameter with a
strength up to 4 000MPa is incorporated in the

Table 1 The background of customer's needs and the correspondence of steel technology
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fabric in the tire. The steel for such use is required
to be specially controlled for decarburization, chem-
ical segregation and inclusions.

One of the most notable car manufacturing sys-
tems is the FMS. The FMS, which is able to corre-
spond to both a small-scale mass production and
large-scale mass production, can be changed quick-
ly. Through the system, quick action against chang-
ing of demand can be taken and productivity can be
kept high.

To realize high productivity, it is important to
shorten working time or to abbreviate processes.
For example, the combination of cold forging with
warm or hot forging enables parts manufactures to
use less machining for product, near net shape
product or integrated forging product.

As for forging methods, more precise forging
products are obtained by the change of the forging
method from hot forging to warm or cold forging or
by the combination of hot and cold forging proces-
ses. As for the combination of forging method and
material development, examples are as follows:

(1) hot forging and micro-alloyed steel and (2) cold
forging and micro-alloyed steel.

When heating the micro-alloyed steel for non-
heat treatment use, often induction heating is
applied as a source of heat. In the case of rapid
heating, scale loss decreases which leads to more
detailed control of surface condition than was
required before. Aiming at a chipless process, closed
die forging of parts are increasing and it becomes
necessary to raise the precision of each cut piece. As
a result, restrictive cutting is becoming more popu-
lar and so the straightness and the section of raw
materials require more detailed control. Unmanned
machining is one of the important ways to raise
productivity, and now it is prevailing. In a 24 hour a
day production process, the tip disposability at
machining is regarded as very important.

For the FMS, the merit of abbreviating a process
is not only the reduction of cost, but also the merit
of shortening total manufacturing time.

To realize more functional cars, strengthening
and longer life of parts are required. As for steel,
much more improved function may also be required.
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3. Sumitomo’s New Products and
Technologies of Bars and Wire Rods

New products and technologies, developed for the
above-mentioned customers’ needs and customers’
merits, are shown in Table 2.

The aims of developed steels are classified into
four categories: (1) saving energy and natural
resources, (2) high productivity, (3) high quality, and
(4) support to the secondary or tertiary processing.

3.1 Saving Energy and Natural Resources

Developed steels omissible heat treatments are as
follows: (1) micro-alloyed steels for hot forging or
cold forging are able to omit quenching and temper-
ing, SUC series, (2) control rolled micro-alloyed
steel for direct-machining use is able to omit quench
and temper after rolling, (3) direct normalizing (DN)
steel or direct annealing steel are able to omit
normalizing or annealing, and (4) less work harden-
ing Al-killed steel, SNH05A, B shows excellent cold
-forgeability and this allows it to eliminate the soft
-annealing process prior to cold forging without
deteriorating die life or formability.

In favor of the precipitation hardening of
vanadium carbo-nitride, high tensile micro-alloyed
steel has equal mechanical properties to quench and
tempered steel. Micro-alloyed steels are classified
into two groups. One is for hot forging, the other is
for direct machining.

Micro-alloy steel for hot forging use is able to get
enough mechanical properties by the controlled
cooling after hot forging. Micro-alloyed steel for
direct machining use in as-rolled condition has
equal mechanical properties to quench and tem-
pered steel. Both micro-alloyed steels are controlled
for chromium, manganese and vanadium content in
consideration with the balance of strength and
toughness.

Machinability or tip disposability improved micro
-alloyed steel, such as sulfur, lead and calcium,
separately or in combination, are also applied. The
microstructures of micro-alloyed steels are mostly
ferrite and pearlite, therefore, impact value and
yield ratio are often lower than those of quench and
tempered steel. For parts requiring toughness, the
following three points are considered.

(1) Fine microstructure through forging condition,
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(2) strengthening of weak micro-structure, ferrite,
by the addition of alloying element such as silicon
and vanadium, and (3) more toughness with decreas-
ing carbon content.

Micro-alloyed steel for bolts was developed to
omit quench and temper treatment of JIS 7T or 8.8T
class bolts. This wire rod, after achieving required
strength by the control of rolling and cooling, is
adjusted to designated strength by cold drawing.

The remarkable merit of this procedure is that it
realizes a big abbreviation of manufacturing proc-
ess, suggesting much more wide application in the
future. Micro-alloyed steel for cold forgihg im-
proved in mechanical properties, especially elonga-
tion and toughness.

Free-cutting ‘steel or precise rolling steel are
helpful for the simplicity of the manufacturing
process. The former, with decreased contents of
sulfur and finely dispersed lead grain, can manage
both good cold heading ability and improved ma-
chinability. The latter can obtain ultra-high dimen-
sional accuracy of +0.1mm (for 18.0-70.0mm diame-
ter round bar) by three side rolling of the super
finishing mill (SFM). Precisely rolled steel bar can
be substituted for cold drawn bar or peeled bar.
Precisely rolled round bar requires not only the
accuracy of shape, but also the control of surface
condition such as surface defects or decarburization.
Hot rolled precise round bar is inferior to cold
drawn bar in shape and the depth of surface defect
or decarburization. However, several merits are
expected such as the improvement of productivity in
hot closed-die forging and the omission of cold
drawing or peeling.

The addition of a small amount of boron can
reduce the addition of alloying elements for har-
denability. As for hardening boron steel, the best use
of boron is expected in the following two ways: (1)
boron raises the hardenability of tooth root, and (2)
boron improves the toughness of the case hardened
layer. Developed case hardening boron steel “SUMI
-ALLOY EM420”, as a substitute for SCM420, has
been used for transmission gears of trucks for more
than ten years.

Boron, without affecting flow stress, elevates
hardenability remarkably with decreasing carbon
content. This is the reason why boron steel is appro-
priate for cold forging use. Low carbon boron-
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added steel can omit annealing before cold forging.
Molybdenum-free high tensile structural steels are
applied to the parts of suspension members. Boron-
added steel with high strength and toughness
(HITS) was developed for parts of construction
machines to realize both cost reduction and high
quality. This steel shows equal to or better prop-
erties than nickel-chromium-molybdenum steel in
toughness, anti-crack in the field and induction
heating hardenability.

3.2 Productivity

The consumption of free cutting steel for machine
structural use is increasing year by year as auto-
matic or unmanned machines prevail which pay
much attention to chip disposability. Sumitomo can
supply every kind of free cutting steel containing
sulfur, lead and calcium, separately or in combina-
tion. At present, free cutting steel is applied to vital
suspension members, minimizing the decrease of
toughness. Sulfur-free cutting steel is effective in
improving tool life of high-speed steel tools. Cal-
cium-free cutting steel is fit for high-speed machin-
ing with carbide tools. Sulfur-lead-calcium free
cutting steel is especially effective not only for high
-speed machining, but also has excellent chip
disposability even at slow-speed machining.

Control of austenite grain coarsening on carburiz-
ing is an important problem. Carburizing parts after
cold forging is increasing recently as a result of
progress in cold forging technology and also as a
requirement of cost reduction. Concerning carburiz-
ing of cold forging parts, it is necessary to suppress
austenite grain coarsening during carburizing. Quen-
ching strain which is sometimes found in carburiz-
ing or quenching gears causes leaning contact,
vibration and noise. In order to avoid these prob-
lems, surface hardening methods without quenching

-are desirable. Soft-nitriding is recommended among

desirable hardening methods.

While conventional steel does not show enough
depth of the soft-nitriding layer, developed steel
shows sufficiently deep case depth and appropriate
case hardness or core hardness. Case hardening
alloy steels for gear use are requested to reduce or
to stabilize quench distortion and also requested to
be chemically homogeneous among or within lots.
To reduce distortion within every heat, continuous
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casting is recommendable. A combination of vac-

uum arc degasser (VAD), which is suitable for
narrow Jominy band steel, and continuous casting is
effective to stabilize distortion.

3.3 Higher Quality”~'%
Corresponding with the tendency “lighter weight

and higher performance of automobiles”, Sumitomo
has been developing several kinds of steels as fol-
lows:

high-strength gear steels, high-fatigue stress spring
steels, anti-delayed fracture steels, and long-life
bearing steels. Among high-strength gear steels,
SUMIALLOY CM201 is the most cost competitive

Table 2 Aim of application for automotive part examples in Sumitomo’s new bars and wire rods(1)
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steel for improving the fatigue strength at tooth
root by eliminating abnormal structure. Shot peen-
ing produces a high-strength gear.

Anti-delayed fracture steel was developed for
high-tensile bolts up to 1470MPa, named ADS.
High-tensile stress, high toughness and good anti-
delayed fracture characteristics were achieved by

specially controlled steel making, rolling and chemi-
cal composition. Chemical compositions (low phos-
phorus, low sulfur, high molybdenum, niobium addi-
tion) are designed to reduce boundary segregation,
to keep fine grain and to give high tempering tem-
perature.

Table 2 Aim of application for automotive part examples in Sumitomo’s new bars and wire rods(2)
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3.4 Support to the Secondary and Tertiary
Processings

Bars and wire rods usually become the final
products through the secondary and tertiary proces-
sings. The forging process is one of these process-
ings. Whereas as-rolled materials are cut and each
of them are used as important structural parts,
perfection of every part of the steel is extremely
important. Thus bars and wire rods require quality
through the whole length. Given this background,
Sumitomo has been making efforts for quality
assurance of the entire length and total quantity,
going back to not only rolling process but also steel
making and blooming processes. With recent devel-
opment of near net shaping, complex forming and
high forming reduction, quality assurance level is
required on raw materials. These bar and wire rods
are called “highly quality controlled steels” as in
Table 1.

Sumitomo has been making an effort to develop
high quality raw materials and also has been devel-
oping technologies to support the secondary and
tertiary processors. The following are the examples:
the development of Ca-Zn lubricant technology; non
-phosphorus lubricant, named “S-S LUB”; in-line
bonderizing equipment which contributes to effi-
ciency and continuation at the secondary and terti-
ary processors.

Developed coil-feeding equipment for a hot-for-
mer, named Coil Feeder, can supply bar in coils,
instead of only bars, improving production effi-
ciency. This coil feeder can control forging weight
variation of forged products to within one-third of
the usual process by minimizing backlash as much
as possible and electrical synchronization with the
hot-former.

4. Introduction of Testing Machine

Bars and wire rods after processing are often
applied to very important automobile parts. There-
fore, it is necessary to evaluate the parts with a cut
off specimen or a finished part. Effort has been
made to fulfill the line-up of testing machines for
evaluating various parts. For basic analysis, SIMS
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(Secondary Ion Mass-Spectro meter), A-TEM (Ana-
lytical Transparent Electron Microscopy), EB (Elec-
tron Beam melting), Thermec Master (high temper-
ature flow stress and ductility), and Dynamic Frac-
ture tester are available in Sumitomo. As for evalu-
ation of actual parts, X-ray Diffract meter, X-ray
Stress analyzer, Roller Pitching tester, Medium high
temperature contact stress fatigue tester, power

circulating type Gear Testing machine, Drop

" Weight type Impact Fatigue tester, Deformable

Formaster and Hydrogen analyzer at various ele-
vated temperatures are available. Among them, the
attractive point of Sumitomo’s original Gear Test-
ing machine is that it can evaluate the strength of a
gear of arbitrary size within a limited size range.
The impact fatigue tester can be used to evaluate
gear assembly such as differential gear unit and
suspension member. Recently, the Forging Simu-
lator has been introduced to supply various techni-
cal information and data on cold forging for gears.

5. Trend of New Products

5.1 Micro-Alloyed Steels'®~!"

Micro-alloyed steels have been developed to omit
quenching and tempering. Derivative merits of
micro-alloyed steels are prevention of strain on
quenching, decrease in stock, reduction of handling
times and reduction of delivery time.

Initially developed vanadium-added medium car-
bon steels laid the foundation for micro-alloyed
steels and the main usage was as an application for
crankshafts and connecting rods that required little
toughness, as shown in Fig. 1. In order to apply
micro-alloyed steels to suspension parts, high tough-
ness was required. As a result, highly tough micro-
alloyed steel with fine micro-structure was devel-
oped by using fine carbides, nitrides, sulfides and
oxides.

Two methods for obtaining fine microstructure
are: (1) obtaining fine austenite grain at reheating of
hot forging, and (2) increasing precipitation of fer-
rite inside austenite grain. Method (1) is comprised
of finely dispersed nitrides like Ti(CN), sulfides and
oxides like inclusions.
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Technical Explanation

{Trend of development?

Strength ——————— Toughness — High endurance limit —— Strengthening

strengthening strengthening high toughness
machinability machinability machinability machinability
Medium carbon || Medium-low carbon |, Low carbon . Low carbon
ferrite -+ pearlite ferrite -+ pearlite ferrite + pearlite bainite and/or
martensite
700~800MPa 700~ 800MPa 900MPa Higher than
Engine parts Suspension Suspension I 000MPa
Suspension
Increasing Mn S, Ti addition Increasing V,Si Increasing
Inclusion control + same as left hardenability
+ same as left

* Save quenching * Micro—alloyed steel for cold forging

+ Save tempering application of strain hardening
Low carbon .| High—toughness |, Low carbon
micro-alloyed micro-alloyed micro-alloyed
wire rod wire rod wire rocd
for bolt for ball tie rod for bolt
TT.8T 800MPa 9T, 10T

Fig. 1 The flowchart of developing micro-alloyed steel for non-heat treatment use

Figure 2 shows that only 0.007 mass% titanium {Just after forging) {Aflter transformation}
makes austenite grain finer for micro-alloyed steel e ol Pearlite {);;ﬂ:tfq:’;‘ B
of 0.35C-0.30Si-1.6Mn. Figure 3 shows the mecha- AN

. . . e PR
nism of grain refining by MnS.

Ferrite inside
0.35C-0.308i-1.6Mn grain houndary;
j.? \ Fig. 2 The effect of Ti addition on austenite grain size
E
10 . ,
Z \ Photo 1 shows the microstructure of micro-al-
;:3 8 \\ loyed steels, in comparison with LMIC&0S1 and
£ § \ 0.07v-0.007Ti S45CV. Figure 4 shows the improvement of low
5 \
;f temperature toughness by MnS and by low carbon.
g 4 ~ | The addition of sulfur to micro-alloyed steels is also
% ~
& 5 / \\ useful for improvement of machinability but pro-
0,07V ~, . v i
Cll__. motes anisotropy of mechanical properties.
0 . . .
900 1000 1100 1200 As ferrite and pearlite microstructure does not
Heating temperature before forging (C) have tensile strength higher than 900MPa, micro-
Fig. 3 lllustration of MnS refining the grain size alloyed steels of bainite-type microstructure were

LMICS80SI (S added) S45CV (Conventional micro-alloyed steel)
Photo 1 Microstructure of micro-alloyed steels, LMIC80S1 and S45CV
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micro-alloyed steel) hardened steel)

Fig. 4 Low temperature toughness of LMIC80S1

developed for 1000MPa class in order to meet
requests of further high strength and toughness.
Figure 5 shows toughness of low-carbon, bainite-
type, micro-alloyed steel. Though fatigue strength
increases with hardness, to raise hardness is undesir-
able from the point of machinability. To increase
fatigue strength of parts without raising hardness,
high endurance, limit-type, micro-alloyed steel is
required.
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Fig. 5 The impact value of low-carbon bainite type
micro-alloyed steel

Figure 6 shows an illustration of improvement of
endurance limit through the hardening of weak
ferrite by means of the increase of silicon, vanadium
and the decrease of carbon content.

The endurance limit of this developed steel is
higher than that of conventional micro-alloyed
steels and equal to that of quench and tempered
steels. Figure 7 shows that developed micro-alloyed
steels improved machinability.
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Fig. 7 Life of drilling tool of high machinability type
micro-alloyed steel

Micro-alloyed wire rods can meet required tensile
strength by control of chemical composition, hot
rolling and work hardening during cold drawing.
Micro-alloys like niobium, vanadium and boron are
added to low-carbon manganese steel to get appro-
priate hardness and toughness. Controlled rolling
achieves longitudinally fine and uniform micros-
tructure. As an increase in hardness during cold
drawing affects little the flow stress at cold heading,
the application of this wire rod 1 is an effective
method in order to increase the hardness of cold
forged parts due to minimizing the increase of
deformation resistance. This phenomenon is well
known as the Baushinger effect.

Work-hardened cold-heading bolts have formerly
been limited to application as low grade bolts, such
as JIS 6T class. At present, owing to both the cost
reduction and the progress of heading technology,
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the applications have been extending to high hard-
ness level (for JIS 7.8-8.8 class). Micro-alloyed
steels for cold-heading quality, which allow plastic
deformation and whose chemical composition is
designed to easily form fine zinc-phosphate layer,
were developed. In spite of these developments, the
applications of micro -alloyed wire rod are
restricted because of the decrease of die life or
ductility. In case of stud bolts, thread rolling of both
ends is the main deformation process, so an increase
of hardness is of little importance. However, as for
the application of JIS 7.8-8.8 class bolts, micro-
alloyed wire rods are only applied for small hexago-
nal bolts with low reduction. An application of this
steel is expected in the future for bolts with hexago-
nal vent and cross vent. An obstacle against applica-
tion is the increase of hardness of micro-alloyed
wire rods, the higher bolt grade. As to consider non
~heat treatment bolts at high tensile grade, integrat-
ed examination of various technologies such as
lubrication, tool, and process is necessary.

Duectility To‘ughness
R.A (%) uEz20 (J)
40 50 60 50 100 150

i

2

; e

i sec
i

:

 tempored |

Fig. 8 Ductility and toughness of type SUC80D micro
alloyed steel for cold heading guality

5.2 Steel for Cold Forging'®~3¥

In the case of designing chemical composition for
a steel, which is manufactured through the hot
forging process, the function of finished parts is
considered much more than hot forgeability. On the
other hand, when manufactured through the cold
forging process, it is necessary to pay attention not
only to the function of the finished parts, but also
the deformation resistivity and the deformability.
This is because the deformation resistivity of cold
forging is much higher than hot forging and is apt to
become difficult to deform by the work hardening
phenomenon. But the cold forging process is effec-
tive for realizing near-net-shape products economi-
cally in mass production. Recently, to satisfy both
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lowering of deformation resistivity and excellent
shape, a combination of forging processes is prevail-
ing, namely a combination of cold forging after hot
or warm forging. The forged parts are extensively
used for engines or suspension members including
bolts for automobiles or construction machines. In
the case of automobile parts, stable strength and
toughness are required because many parts are
specified as very important security parts. In addi-
tion, conjunctive bolts are practically formed by
cold forging. As the cold-forging te¢hnology pro-
gresses, the need to precisely form more compli-
cated shapes are increasing, and so higher defor-
mability and lower deformation resistivity are
required. For cost reduction and shortening of
manufacturing time, it is oriented to abbreviate a
process, for example, cold drawing and annealing,
or both. Therefore, at the forging process, improve-
ment of tool life and die life become important
elements for increasing productivity. The applica-
tion of cold forging is restricted in the amount of
deformation, deformed shape and the size of prod-
ucts. In order ‘to ease these restrictions, work has
been done on various points, such as the control of
chemical composition, especially carbon content
and the other alloying elements, and rolling condi-
tion.

There are four subjects in forging technology:
improvement of yield rate, increasing productivity,
higher precision and cost reduction. In order to
improve yield rate and productivity, higher speed
production has been made by introducing automatic
equipment and adopting the pre-forming process. In
the forging process, higher precision is important
for making finished parts. This is a concrete exam-
ple for improving the precision of hot forging, closed
~die forging or a combination of hot and cold forg-
ing.

In the movement of globalization, to meet the
exigencies of the moment, cost reduction is impor-
tant. Many kinds of methods have been practical for
cost reduction, including omission or modification
of quench and tempering process, drawing, annea-
ling, and so on, reduction of the material cost, and
improvement of tool life by adopting free-cutting
steel. Figure 9 schematically illustrates the relation-
ship between C content and hardness of annealed
material.
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Fig. 9 Relationship between carbon content and hardness
after spheroidized annealing (lllustrative comparison
among steel grades)

The development of low-carbon Al-killed steel
for cold forging is as follows. To develop the low-
carbon Al-killed steel with good forgeability, it is
important to minimize the amount of free carbon
and nitrogen in solution which is not forming car-
bide and nitride without spending extra money. This
is because the free carbon and nitrogen in the steel
cause strong work hardening when the steel temper-
ature rises. In order to fix the free nitrogen, adding
titanium is more effective than aluminum. As a
method to decrease the amount of carbon in solu-
tion, an addition of chromium is efficient because
chromium forms carbide. There are some other
ways to fix the free carbon and nitrogen such as
controlled rolling and aging treatment. Examples of
development of the low-carbon Al-killed steels
which can be forged without annealing are reported
as follows:

(1) 0.78% chromium aims to decrease the amount
of carbon in solution dramatically. Chromium can
prevent strain aging from decreasing the amount of
carbon in ferrite. Aluminum addition in surplus
minimizes nitrogen in solution.

(2) Strain aging is suppressed by modifying
SWRCHB8A’s chemical composition, decreasing the
amount of silicon and manganese, increasing the
amount of aluminum, and controlled rolling. With-
out annealing, the new steel can obtain the same
hardness level as conventional SWRCH8A with
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spheroidized annealing.

(3) Adding excess aluminum to fix free nitrogen
also fixes free carbon in ferrite of low-carbon Al-
killed steel. It is introduced to reduce the amount of
carbon in solution and to suppress strain aging.
Aging after rolling causes excess carbon in ferrite
to precipitate into cementite. Consequently, strain
aging is kept down and the steel with less work
hardening can be produced. Figure 10 illustrates the
new steel is work hardening. The figure compares
conventional, developed steel and developed steel
with aging.

A’ Chemical composition+ Controlled rolling
B Chemical composition-+Controlled rolling +Aging

900 90

800 |- 480
15 —~
S 700 470 ¥
(]
f‘o Reduction ;';..;
E 600 | of area 460 5
n [
Y .S
= k3
5 500 {50 B
SNH 08A .

400 | SNH 08B | @ Ja0

Alkilled steel | @
300 L L L L L 30
0 0.5 1.0 1.5 2.0

True strain (¢ n do/di)

Fig. 10 Comparison of work hardening (Conventional steel,
developed steel and developed steel with aging)

By restraining the age hardening caused by free
carbon and free nitrogen, the steel can ensure the
ductility after highly reduced cold working. As a
result, rivets that have high strength and enough
ductility can be obtained by repetition of drawings
without annealing. The new steel can be used as
speaker yoke which is upset over 80% working
ratio.

Developed boron-added steel decreases hardness
compared with conventional carbon steels and al-
loyed steels. When medium-carbon structural steel
is replaced with low-manganese boron-added steel,
the decreased amount of hardness will be about
15%. If graphite is precipitated in the steel, a
greater decrease of hardness can be expected. To
precipitate graphite leads to some problems such as
heat treatment condition and chemical composition
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Table 3 The case of development of low-carbon Al-killed steel for rivet

A 0.13 | 0.43 | 382 - - O O O X O X
B 0.13 | 0.46 | 421 O O O O - 2 7AN X
C 0.20 | 0.41 421 - - O O O X FaN X
D 0.13 | 0.43 510 - - O O - O X X
E 0.08 | 0.37 | 549 O - O O - O O O

A~D : Conventional steel, E : Developed steel

that must satisfy both required hardenability and
precipitated graphite which exist homogeneously. In
spite of these difficulties, the steel is expected to
have the great advantage that “it is soft when it is
cold forged, and it can obtain high strength by
quenching after forging”.

Figure 11 shows the circumstances of developing
the steel for cold-heading bolt use. For 7T-8T class
bolts, conventional carbon steel has been used.
Recently, production of 7T-8T class bolts made of
boron-added steel with a simple manufacturing
process has been investigated. On the other hand,
reducing material costs and simplifying the manu-
facturing process of 9T-10T class bolts, which are
now made of conventional alloyed steel has been
investigated. Furthermore, there is a need for 12T

or higher strength bolts. The new steel, ADS-2, had
been developed for 12T class bolts. Now the steel
for 13T class bolt, ADS-3, is investigated. To ensure
higher strength, it is necessary to take delayed
fracture into consideration. The new steel’s chemi-
cal composition is designed to consider the follow-
ing factors: (1) finer grains, (2) maintaining temper-
ing temperature, and (3) decreasing grain boundary
segregation. Recently, anti-delayed fracture of new
steels have been verified by the progress of hydro-
gen analysis technology. Also, instead of strengthen-
ing the bolt, fastening below the plastic region has
been applied to avoid the delayed fracture of high
tension bolts.

As shown in Fig. 9 and Fig. 11, boron-added steel
can satisfy not only cost reduction of material but

0.5F ———— e 1
Anti-delayed |
Carbc?n steels for Alloy steels for nf;acteu:ge i
machine structural use machine !
S540C~48C —— 1
structural use > High strength |
0.4r Process SCr, SCM | steel 1
]
omission | [+ Cost reducing ADS2 i
I Process omission A!D S3 i
S N T | T | A B e d
2| 0.3F I
L Micro—
5 alloyed steel Mn-(B) steel
: controlled
S rolling Countermeasures of anti-delayed fracture
S| 0.2t - ittt = § + Decrease in intergranular segregation
© Cold H{gh strength :H{gh strength] ¢ . High temperature tempering
forging micro-alloyed imicro—alloyed;] { * Refining grain size
SWRCH steel wire i steel wire |
wire rod SuUC i SuUC :
0.1F 70, 80 =3zi3 90, i
Micro-alloy high strength
1 1 1 L 1 1 1 1
600 800 1000 1200
Tensile strength (MPa)
Fig. 11 Circumstances of developing the steel for cold heading bolt use
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also could be applied to many parts using good Chemical composition (mass %)

deformability with increasing hardenability. The
addition of boron hardly increases the flow stress so
that boron is the most effective element for precise
hot, warm and cold forging. Table 4 summarizes the

HOOm >
o
NN |
Lol 4
o
=
=3
o
0
w
=)
o
res
|

features of boron-added steel for the reader’s refer-

ence.

(X10'N)
Boron-added steel has good toughness. The fol- 2.0

\\4
O\O\Addition of P?\“~\~
1.5 }

=T
No addition of B

lowings are the examples:
(1) Improvement of cracking load in the three-point

bending test including carburized layer (Fig. 12),
and (2) improvement of fracture toughness of the

Crack occuring load

steel which was tempered at low temperature (Fig. 1.0
13). The mechanisms of these phenomena will be
investigated in the future analysis.
. . . .. 0.5

Here is an example for improving productivity.
The combination of cold forging and machining has 0 0.5 1.0 1.5
been applied to the parts which were fully machined Cr content (mass%)
as usual. In other words, steel which has good cold Fig. 12 The effects of Cr and B on crack occuring
~-forgeability and machinability has been needed. load in three points bending test

Table 4 Characteristics of Boron-steel

 lontemt ‘

Improvement of hardenability +Special Jominy curve

Effect of carbon content on hardenability +Use of low carbon steel

Boron content and hardenability +Good hardenability at boron content more

Hardenability than 0.0003%
Stability of hardenability *Equal to conventional steel
Thermal history and hardenability *Restoration by reheating of quenching

Control of Ti, Al, N and other tramp element | -Hardenability, prevention of grain growth

Strain Quenching strain +Special Jominy curve

«No problem

*Improverment of shape

*Decrease in Mn content
Quenching crack | Quenching crack +Self temper quenching

« Attention of tool mark
*Prevention of partial oxidization
*Uniform cooling of surface

*Decrease in carburizing surface hardening

Surface _ . . . -
. Characteristic of surface hardening *Good induction hardening
hardening s
-Constant of soft nitriding
Deformation resistance *No problem
. Process annealing +Omission
Processability —
Hot workability *No problem
Machinability *No problem
. -E t ing by t Tin,
Tempering temperature asy to softenl'g Y (emDETing
. +Constant of residual stress
Mechanical
properties »Poor softening resistance of tempering
Carbon equivalent *No problem of welding
*Hardness
Characteristic | Fracture toughness *Low temperature tempering having an effect
of fracture Characteristic of delayed fracture -No problem
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Aim : Cost reducing by change of steel grade

Characteristic :

) Example (mass %)
HITS | .41].23| 45| — | 1.0 | .49 | .03 | Added

SNCM431 | .30 | .26 | .78 | 1.6 | .75 | .16 [ — =

(2) Composition designing
+ Intergranular strengthening:---- Decrease in amount of P, S, Mn, Mo,
Addition of B
+ Softening resistance of tempering:++-+-«ssseseees Addition of Cr, Mo, Ti

+ Surface hardening and improving of hardenabilty ««-«- Addition of C,
Cr, Mo, B
« Cost reductionr e« veeeesresress No addition of Ni
120
- Developed steel
! E’ B HITS
& 90
E 2
@ L
QL
£ O
o
§ 60 - /
g | SNCM
5 431
e
= 30
1 1 L 1 1 1 1
1200 1400 1600 1 800

Yield strength (MPa)

Fig. 13 Fracture toughness values of HITS steel

The ductility of steel is important for cold-for-
geability. On the other hand, to improve ma-
chinability, addition of “free-cutting elements” like
sulfur and lead which are inclusions in steel is
effective. These properties, forgeability and ma-
chinability, conflict with each other. Recently, how-
ever, the steel which has both properties has been
developed.

Developed steels are as follows:
1

has a bad influence on both cold forgeability and

Exclusion of alumina (Al,O;), because alumina

machinability.
(2)

dramatically makes cold-forgeability inferior while

Reduction of the amount of sulfur, because it

sulfides improve the machinability.
3

cles, because it improves machinability, especially

Fine and uniform dispersion of fine lead parti-

tip disposability, and it hardly influences cold-for-
geability.

Figure 14 indicates that including lead merely
influences cold-forgeability. Addition of at least
lead can improve cold-forgeability of steel while
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keeping machinability. Recently, machining has
been operated automatically. Therefore, tip
disposability has become more important and the
new steel is advantageous to the disposability. In
such case, the need for steel that has good cold

forgeability and machinability might be increasing.

60

QO Pbnon-added steel
@ Pb added steel
A Pb-S free cutting steel

50 i 1

N
1)
\\.
>\
3]
<
@

40 o L

30 =

Skin pass : 10%

Compressive ratio without cracking (%)

60 70 80

Reduction of area (%)

Fig. 14 High machinability steels for cold heading
quality

5.3 An Attempt for the Strengthening of
Parts Through the Combination of
Material and Process

To put forth steel’s strength performance lies on
the combination of steel and process. Two examples
of the combination are introduced.

(a) Strengthening by the combination of heat
treatment®®

Funatani explained combination of heat treat-
ment as “combination of usual single heat treatment
in order to give a part necessary properties”, and
introduced some examples. Recent work showed
combinations of nitrization and laser hardening,
nitrization and hardening by induction heating.

To strengthen the differential gear set, the combi-
nation of carburization and quenching and temper-
ing after induction heating was applied. The gear
requires cyclic impact bending strength at the tooth
root, in low cycle condition. Improvement of the
tooth root bending strength for carburized steel is
achieved by decreasing phosphorus and manganese,
and by the addition of nickel and molybdenum.
They help both strengthening of grain boundary and
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Technical Explanation

also toughening inside the grain. On the other hand,
induction heating after carburization results in for-
mation of new boundary through carbide re-solu-
tion, carbide reprecipitation and recrystalization.
Thus, the regeneration of grains, of which boundary
segregation is less and finer than it used to be, seems
to be caused by high strength. The relationship
between bending rapture strength and grain size
number shows linearity. Moreover an actual gear’s
bending test resulted in an improvement of 209 of
the mean rapture strength in torque (Fig. 15).
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| |
As carburized Carburized

and induction
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Fig. 15 Bending test results on actual gears

(b) Strengthening by forging after carburiza-
tion®»=3"

Development of bevel gear with high fatigue
strength was performed by forging after carburiza-
tion. This development was realized using three
technologies in combination: carburization of case
hardening steel, direct quenching after forging, and
near-net shape by closed-die forging technique. The
development aimed to get high strength through
thermo-mechanical treatment and to get ideal case
profile of carburized gear; deep at tooth flank,
shallow at tooth root where bending load and
impact load apply and no hardened layer at tooth
crest. Net shaped bevel gear after carburization was
a hig stride toward the ideal case profile mentioned
above. As metal flaw begins at dedendum flank and
finishes at addendum flank, so carburized layer
varies thin or zero at gear root and thick between
tooth flank and addendum flank. One example

shows carburized thickness, 0.2mm at curvature of
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root radius and 0.4mm at tooth flank on a pitch
circle. As for residual stress, usual carburization
shows +100MPa tensile stress at the surface and
maximum -400MPa compressive stress at 0.2mm
inside from the surface. On the other hand, a gear
made by forging after the carburization shows
maximum -600MPa compressive stress on the sur-
face. Due to the forging process, abnormal soft
carburized layer seems to be minimized and so the
ratio of strengthening after carburization to usual
carburization becomes 199-266%. The strengthening
mechanism is not clear, but the strengthening seems
to be made up of grain size, thermo-mechanical
processing including metal flow, and zero or nearly
zero thickness of unusual carburized layer (Table 5).

Table 5 Bending strength at tooth root of forged gear after

carburizing
(B)
(AI. . Forging after
Carburizing kY
g ;s Caburizing B/A
teel Quenching A a

T . Quenching (%)

Shpeing Tempering

Load (RON) | 1 e AlCTON)
SCM418H 0.6 1.36 226
0.6Mo Steel 1.02 2.03 199
(). 4Mo Steel 0.6 1.61 266

6. Summary

Sumitomo Metal Industries, Ltd. has correspond-
ed to the changing of customer needs. Sumitomo has
also been developing new products and new process
technologies under the guidance of the customer.

In order to harmonize with society, safety,
exhaust gas, noise and saving energy are all subjects
we should give a great effort to manage. Require-
ments for steel will become much more strict and
diverse than as of today correspending to consumer
needs. Considering these things mentioned above,
Sumitomo will continue to improve its quality and
to develop new products.

Kazuhiko Nishida

Dr. Eng., General Manager,
Material for Automotive Use,
Head Office

Phone: 06(220) 5544
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