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ABSTRACT

The development of a high strength (tensile strength bayund‘goo N/mm ), mediim
carbon, vanadium ‘microalloyed steel far hot forged automotive cbmponents &

has been reviewed ‘in the paper.

The influence ‘of different alloy1ng elemsnts was investigated The most

~effective elements to increase:the istrength were chromium “and manganeae. n
TEM investigation was found that in comparison with the lower strength melt
chromium +- manganese alloyed steel ghowed a high density of gmall V(CyH)
precipitatea. Mgchanteal properties were estudied in teﬁsileJ impact fatigue ;
and fracture mechanics tests. ‘Most mechanical: properties of the microalloyed

- and-Q&T steel were esgentially equal. Exéptions were the lower impact strength
and higher fatigue strength of the microalloyed steel. The possibilities to
improve the impact gtrength of the microalloyed steel are being considered.
Machlnability”waa tested in different operations. Generally the machinability

of the highv
a different

iour w

éﬁgth mieroallayed steel was.comparable with Q&T steels. However,
. found- in deép hole drilling. The use of" calcium

k :
treatment- to improve tho_machinability is discussed. .

The high streng;h micvoalloyed grade developed is able to substitute for, alloyed
Q&T steels in’ mbet components. When weight saving is desired, 'the possibility
of substituting for lower strength microalloyed steels by the high R

stpength grade is considered.

INTRODUCTION

Ferritic-pearlitie micrenlloypaigtgg“ have SR

substituted for QAT stesl: g
due to the reduction in pradaetinn oouts,
The principal saving is dchieved by the
elimination of the sepa: s Q&T treatwment

after hot forging. There | ‘v,‘Va«dznreaﬁed
need: for cold stra;ghttnﬂnk

relieving annealing.

Untill now, aicranllayed atgal h&va/substi%utgd &

e, unallayad

mainly for the luw a

5;~Q&T steels. However, great potenflal cost

f'me

reductions lie in the substitution of ‘the
higher: atrength. qilggad*Q&T steels gith
the- tansile strength heyond 900 N/mm .

\ ﬂ&Aﬂf thi; @iaar 38 to aeacribe

yv,the éeVeiaament. ‘properties, and uses of
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& new, high strength, microalloyed steel

~ ‘with a minimun tensile strength of 900 N/

-
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LABG&A?@*? SGALEVDEVELOFNENT - elements were manganese, chromium, and in
some cases nitrogen. The elongation as a

In the laboratory scale experiments the function of the tensile strength is shown
influence of the chemical composition on in Figure 3, where the positive effect of
the mechanical properties and on the micro- a small austenite grain size is seen.

structure was investigated. Totally 18 induction
furnace melts were prepared by adding to y
a base analysis containing 0.4% carbon, , o Nomaizen 1220:(‘. gl
0.8% manganese and 0.1% vangdium various -~ 12004 -V Foseed, 0¥ 1300°C "
amounts of selected alloying elemen v T o 1 aw1wu;nr 8220 mn R

Of these test melts hat £orgad comannants
and round test bars were prepared. The hot
forging was accomplished at 1300°C and the
round bars were normalized at 1220 °C, The"
idea was to simulate by normalizing the
hot forging and thus aimplify the test
procedure.
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Influence of the Ccmposition on
Mechanical Properties

TENSILE STRENGTH. W2

Mechanical properties were measured in the
tensile test, and their connection with
the composition was determined: by using
multiple linear regression analysis. As ; 800
shown in Table I, the most significant alloying

elements were manganese, chromium, carbon <
and in some cases nitrogen. . -
The results are presented in graphical form S 700.,

in Figure 1, were the tensile strength is - 80 ;0 81) ;0 10'0 . 1'10

expressed as a function Qf a composition o - . .

sum S,. The corresponding results for the , Sy = 60(MN+CR) + 1000 N + 3 §i

yield strength are shown in Table II and S g - . '

in Figure 2.This time the most significant . . FIGURE 1 ~ The dependence.of the fengile
o strength on the composition of test melts.

ConpiTion  RecRession CoeFricients MuLTiPLe STANDARD
‘ , CorRELATION  ERROR
NormaLizep R, = '503.§+3u7,1(Mu)"" + 390, 1(CR)XX 0.87 48
ATIZOC R« 488.74293.20M0%K + 312,6(CRYX + ST0BN) 091 . 3.9
Ry = U87.34340,2(M)%X + 347,8(CRIX + 4320()X 0,93 344
Ry = 477,8+305.4(MIN+CRIXX + 5785(N)X 0,91 35.6
Ry = U83.04345,2(MneCR)XX + 433 (N )X 0,93 32,2
Ry = 202,54356.7(Mn+CRIXX + 386,4(00% + 4791(N.) 0,94 30,6
ForaeD Ry = 63404253600 v 162,6(CRIX - 0.% 10,4
ATIS00%C R 627.54254. 600X + 156,0(CR% + SILEM) 0.9 11.3
Ry = 33#;8+157}3€M+Ca)+ 828,200 + 2388(N)X 0.97 9.5

XX op X = Desass of S;smncmcc o E
N =N - AL/2 :
Enuxvm.em Ro(ﬁm BAR THe CKNESS 2& i

TABLE I - Multiple regression analysis— o
tensile strength/composition :
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CoNDITioN

"ﬂﬂssmston Cosmcxenrs MULTIPLE STANDARD
N CORRELATION  ERROR
NORMALliED RE*”’,'lll 2+QOS O(MN)xx +453, Q(CR)XX 0.85 52.5
AT 1220°C . R 97,914357.6(MNXX + 385,3(CRI®K + 5014(N) 0.88 52.1
'RE = 95,12+398,3(M)XX + 412,4(CR)*X + 4187(NF)x 0.89 48,8
Re = 1 55,29+428,2 (Mu+CR)XX + 3176(N) 0.92 by,5
Re = 87.264407.6(MCRI™™ + U230(N)X 0,89 45,7
ForGED Re = “377,24175,0(MNIXX + 56,26(CR)X + 3985(N)*X 0.96 10,1
AT 1300°C g w 430,6+157.0MNXX + 60,45(CR) + 2842(Np) 0.80 20.1
Re ‘= 359, 5*173 S(MN)*X + 59,69(CR)XX + Qlﬁl(N)xx+ 51.13(S1) 0,98 8.95
XX gg X = Dsenss OF SIGNIFICANCE.
Ne = N - AL/2
EquivALENT RounD BAR THICKNESS 20 MM
TABLE II - Multiple regrea.aion analy‘sis-\ 20 ® NormaLizep 1220°C
yield strength/composition ' ~ ' ' v FoRreeD 1300°C
900 e Nonmuzsn 1220°C i v’
| @ Fonsen 1300%: , " N
1 EQUWILENT B 29 "™ £ \\ R FoRGED.,
& 800 ; ‘ = 154 RS SMALL GRAIN S1ZE
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FIGURE 2 - ‘z‘m é@endorma of . the. yie,ld ntrength
on the composition of teat m&lts. o

icroatrucgurea

A ferrite netwnrk e
grain boundaries was t:
strength melts alloyed with mngamse or
chromium + manganese, Figure 4. In SEM
examination was stated that chromium +° “manganese
alloying led to a coarser pearlite than
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FIGURE 3 - Elongatien of test melts,

“a plain manganese alleying ‘An example measured

from & ‘hot forged. component was 0,38 um
interlamellar distarice for a 1% Mn - 0.4% Cr

steel and. 0.30 um respectively for ‘& 1. 3%»
Mn steel.

In TEM examination dark field technigue was
used due to the weak diffraction of V(C,N)’
precipitates. These were. supposed to exhibit -
the Baker-Nutting orientation.



In the base composition (0.45% C — 0.8% Mn-
0.1% V) V(C,N) particles were mostly randomly
distributed in proeutectoid ferrite, and

some of them being precipitated at dislocations,
Figure 5. Large (> 20 nm), discoherent
particles, which did not always exhibit

the Baker-Nutting orientation, were assumed

to have been precipitated in austenite subgrain
boundaries after hot working. Small (w5 nm),
coherent carbonitrides (Figure 5) have
evidently precipitated in ferrite, although
observations of coherent f'—precipit?tion

has been reported in the literature ~. In
pearlite both randomly distributed and row
precipitated carbonitrides were found embedded
in ferrite. In some specimens presumably

f’~ nucleated V(C,N) particles were observed

in various pearlite grains at the same V(C,N)
reflection.

In manganese + chromium alloyed high strength
test melts carbonitrides were smaller and
their density higher than in the base composi-
tion, Figure 6. Regular interface row
precipitation was dominant both in proeutectoid
ferrite and in pearlite. However, both random
and fibrous interface precipitation had
occured. Thus, it can be presumed, that

V(C,N) has precipitated mainly during and
after f X transformation. An example of
fibrous precipitation within a ferrite grain
is shown in Figure 7. Short fibres lying
almost perpendicular to the rows is seen
indicating the growth during transformation
parallel to the moving‘fﬁ& interface. An
increase in particle size and a change in

the precipitation mode from row to random

were noticed in one specimen near a ferrite
grain boundary, Figure 8§, which is reported
also in the literature ~. Seemingly chromium
and manganese have affected the precipitation
kinetics thus raising the strength also
through increasing the amount of precipitation
strengthening.

FIGURE 4 - Ferritic-pearlitic structure
of the high strength melt.

FIGURE 5 - Randomly distributed V(C,N)
precipitates in the base composition.

FIGURE 6 - Row precipitation in manganese
+ chromium alloyed high strength melt.
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FIGURE 7 - Row and fibrous interface
precipitation in high strength melt.



In a 0.1% V — 0.03% Nb alloyed, high strength
test melt small, randomly precipitated particles
were found at some ferrite grain boundaries
Figure 9.

In certain conditions, bainite and martensite
formation is possible in these stkels, examples
of them are shown in Figure 10 and 11. Excessive
amounts of manganese(>1%)seemed to favour

the formation of bainite and martensite

in the microstruture.

Preliminary Specification

As the result of the laboratory scale
development, the high strength grade was
preliminary specified. The beneficial type

of alloying would be manganese + chromium,
comprising of a coarser interlamellar spacing
and a smaller risk for bainite and martensite
formation as plain manganese alloying. The
lowered toughness and machinability could

be expected due to bainite and martensite.
The following nominal composition for the
high strength grade was selected carbon
0.45%, silicon 0.5%, manganese 1%, chromium
about 0.5% and vanadium 0.1%. With this
composition a tensile strength of roughly

900 N/mm~ minimup and a yield strength of
roughly 600 N/mm minimum are obtained.

PRODUCTION SCALE DEVELOPMENT

After the first stage of the development
program, toughness of the high strength
grade,especially under impact loading, required
closer investigation. Further, since most
service fractures of machine parts are

today caused by fatigue, the reliability

of the high strength grade in alternating
stress conditions had to be examined. When
substituting for Q&T steels, the high strength
grade should have at least the same machina-
bility. Due to the sensitiveness of the
fatigue resistance and machinability to the non
metallic inclusions, the second stage of
development had to be carried out with
production scale melts.

FIGURE 8 - V(C,N) precipitates near grain
boundary in high strength melt.

FIGURE 9 - Precipitates at grain boundary
in vanadium + niobium alloyed high strength
melt.
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FIGURE 11 - Plate martensite in high strength
melt.



(i) Ideas have been borought fo

strength of ferritic-pearlitic matrix™'",
probably based on the greater amount of
ferrite .

(ii) Bainite and martensite are:not.desired 

constituents in these steels. In addition
to the earlier mentioned manganese, . factors
favouring bainite and martensite formation
are: rapid cooling and large austenite grain
size. » -

(iii) Austenite grain size can be mirnimized
through the influence of the composition
and the fabrication practice. Possible .
compositional elements are e.g. aluminium,

niobium, and titanium. Aluminium is attractive

since it does not cause the dependence of
strength on the hot working temperature
as niobium and titanium do. With niobium.
is atfributed unhomogenous precipitation
mode (Figure 9 ) and possible tolughness
problems. Important fabrication factors

influencing the grain size are the hot working

temperature, especially the initial heating
temperature, and the cooling rate after
working. There is also the possibility of

normalizing the hot worked compcnent afterwards

at a low temperatnre.‘

In Figure 12 the results are shown ‘of the
influence of high normalizing temperature
(to simulate hot forging) on the mechanical
properties. Tamperatyrgs etween 1156 °C
and 1300 °C have. on. 1ight influence

on the strength. The drop In the stréngth
between 1150°C and 1220 °C is prabably due
to the increase: 1in e grain size. The rige
BO. °C.and 1300 °C

discontinuous after normalizing at 1360 °C
An_increase in the tamperatnre decreases’
ductility. (elongation, reduction &f area)
and impact strength, which is most likely
attributed with a coerser grain size with
increasing température. The two mélts in
Figure 12 differ in the amount of alloying
(Sl) and aluminium content.

rd that
silicon could improve the ductility agd impact
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FIGURE 12 - Influence of high temperature
normalizing on mechanical properties of
the high strength grade.

The higher ductility and impact strength
of the lower alloy melt is attributed, in
addition to the lower strength level, with
the higher aluminium content.

Bainite and martensite increase the tensile
and yield strength and enlarges the scatter

of the yield strength as shown in Figure

13. Comparatively poor yield strength values
are possible at the highest bainite + martensite
contents. This may be due to the lack of
precipitation strengthening {(Figures 10.

and 11). High tensile strength values(»1100
even low bainite-+ martensite
. msané‘poor'machiﬁabili y
which is stated also in the literature .
Bainite and martensite lessen toughness;
especially ductility, but the effect on

the impact strength i8 not as evident.

The low temperature normalizing after hot
working was simulated by a double normalizing
consisting of the first normnlizine at 1220 °C
and the second normalizing: bétween 950 °C

and 1100 °C.



A different type of ferritic-pearlitic structure
is found in the low temperature normalizing
compared with usual high temperature treatments.
There is a greater amount of ferrite and

its distribution is not network type, but

more irregular as seen in Figure 14 . Figure

15 shows that increasing (the second)
normalizing temperature raises strength

values but lowers ductility and the impact
strength. The horizontal broken lines in

Figure 14 show the values recorded after

the first normalizing at 1220 °C. When the
values after each normalizing are compared

with each other, it can be concluded, that

a low temperature normalizing at 1050 -

1100 °C leads to the same strength as
normalizing at 1220 °C (i.e. hot forging)

and at the same time to animproved ductility
and impact strength.

The ductility and impact strength of the

high strength grade as a function of average
austenite grain size is shown in Figure

16. The results were obtained after different
heat treatments of melts with various aluminium
contents.
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FIGURE 13 - Influence .of bainite and martensite
on mechanical properties.
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FIGURE 14 - Ferritic-pearlitic structure
of the high strength grade after low
temperature normalizing at 1050 °C.
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FIGURE 16 - Effect of sustenite grain size
on toughness of'the;ﬁighjetrength grade,

The correlation: between toughnees and the
austenite grain size is digtinct. Efforts
to improve toughness should concentrate
on reducing the austenite'grain size.«

A reasonable method to- improve the teughness
would be modifying the tooling after hot
working. In a schematic time—temperature
diagram, shown in Figure 17 different

constant cooling rates are drawn corresponding
to individual air cooling of different
- thicknesses of the component, An optimum
cooling history might be as follows‘ at

high temperatures after the finish hot
deformation and above the start of pearlite
reaction, i.e. above 600 -~ 700 °C, the cooling
of thicker: dimensions should be accelerated

to prevent grain growth. For small dimensions
it i beneficial- to retard the cooling after
‘the etart‘gg pearlite reaction to avoid
residual - stresses, teo small, interlamellar
spacing or even: bainite and martensite
formation. An example. of the effect of cooling
rate on meehenical properties are presented
in Figure 18, As regards toughness an optimum.
diameter of about 30 mm seems to exist. '
Below the optimum thickness, the. strength
increases reducing toughness {amount of
ferrite and interlamellar spacing decrease,
precipitation strengthening. increases).

Abave the optimum.diameterthe strength remains
constant, but due to a coarser austenite

grain eize toughness is again reduced.

Generally theretatic ductility values of
properly treated microalloyed steel are
comparable with those of Q&T steels. The:
general level of impact strength is, however,
lower than that of Q&T steels but 'as shown there
are still possibilities to improve the impact
strength of microalloyed steel.

Fatigue Resistance

Fatigue behaviour of the high strength grade
was studied-in Wdhler, fatigue crack growth,
and fracture toughness tests. Three test
types were carried gut for evaluating the
whole fatlgue life of the real component,
i.e. the fatigue crack initiation, orack
growth and the final, fracture.

AcceLERATED COOLING FOR By
A1R CoouIng FOR THICKNESBES!
E W5 8%
& Lesl
B2 ~
&4 RETARﬁED COOLLNG
- X
w @1 FORlz
S5l
se
32
Aad

m nﬁg

FIGURE 17 - Modified cooling after hot working;~7
(schematically)
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FIGURE 18 - Influence of bar thickness on
mechanical- properties of the high strength
grade.

The crack initiation stage was tested with

_smooth, axially loaded specimens in reversed

tensionwcompreesion Tatigue strength at

. 50% fracture probability was measured using o
f'staircase method up to 10 cycles. ‘According

to the results, Table III, the ratio of fatigie

_strength to ténsile strength is clearly

higher (10 to 23%)for High strength microalloyed -

-steels than for Q&T steels: The higher fatigue

' strength has been confirmed with full sized

componenta, too. The more difficult crack
initiation of high strength microalloyed

steels was qualita;ively noticed during
“the precracking
With normal Iow strength migroalloyed steel

fracture toughness specimens.

has not been tound‘as high fatigue strength
to. tensile stréngth ‘ratios. Uneasy fatigue -

‘erack initiatfon in the high strength grade
is likely attributed with the characteristic

precipitatidh structure of the high strength

_grade the fine particle size .and short

interprecipitate distance (Pigure 6 and 7).

: Fatigue‘erack growth test were carried out

with precrackeﬁ CT ‘type specimens. Crack
growth wae followed microscopically on the’
polished surfae&e. The résults in the form
of Paris lines are presented in

Figure 19. :

The difference in crack growth rate between
microalloyed steels and the reference Q&T
steel is negligible being of the éorder of
the scatter 1n the measured values.

“FATIGUE

STEEL,“" - 1§£ArMéhrv Tensite ELONGATION FATIGUE
’ - STRENGTH | STResTH ~ (Ag) STRENGTH
CONmMe N/Mme 7. TENSILE
S , L ‘ : STRENGTH
M1cro-  Hor RoLLED 492 991 19 0,50
ALLOYED NORMALIZED - 503 1099 11 - 0.46
§; =115 1% e
AL <0.03\Z" qg5 - s 1016 17 0.49
Micro- . Lo S
ALLove? 9% 18 052
Sl =106 L ' gty e it
ST B

QT sTséL i

: 939

TABLE IIT = The resalta
fatigue test (crack i
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The plain strain fracture toughness of the
high strength grade was determined with CT
specimens using linear elasticmethod. In
many cages there happened a pop-in, i.e.

a small unstable crack growth. In the case
of pop-in, calculated fracture toughness
values were formally invalid, for the reason
shown schmatically in Figure 20.’However,
all the measured values are presented in
Table 1IV.

Since valid values for Q&T steel were not
obtained with the used: specimen size, J integral
tests for these steels were carried out using
the compliance method. Fracture toughness
values (K, ) calculated from J integral are
shown in TSble V. According to the results
(Tables IV and V) the fracture toughness

of the high strength microalloyed steel is
poorer and the critical crack size smaller

than those of CrMo alloyed Q&T steel.

Because of its smaller critical crack size,

a shorter fatigue life could be expected

for microalloyed steel.

However, in many stress states, e.g. in
fluctuating tension, the the crack growth
rate accelerates rapidly with increasing
crack size, schematically presented in Figure
21. Thus the fatigue crack growth life of

the microalloyed steel might be only slightly
smaller than that of Q&T steel. Due to the
longer crack initiation stage (Table III)

the whole fatigue life of microalloyed steel
may even be longer than that of Q&T steel.

The higher fatigue strength (Table III) means
that for many components the tensile strength
of microallpyed steel may be lower

than the tensile strength

of Q&T steel to be substituted. This point

of view should be taken into consideration
when other properties, strongly influenced

by hardness or tensile strength (such as
machinability and impact strength), are
compared between microalloyed and Q&T steels.

Machinability

The machinability of the high strength micro-
alloyed steel has been tested in different
operations.

Millability was investigated in Volvcf(SFA)
standard end milling test with a H.8.S, cutter.
The results in Figure 22 show, that at lower
hardness levels the millability of microalloyed
steel is better thah that sf CrMo alloyed

Q&T steel. At higher hardness levels
corresponding to the high strength grade

the difference gradually vanishes, However,

the millability of high strength grade is

at least the same as that of CrMo Q&T steels.

41 x 10

d1x103

GRACK GROWTH RATE, mu/CYCLE (pa/mN)

T T 1 ¥ 1 LD
15 20 25 30 35 40

STRESS INTENSITY FACTOR AMPLITUDE, MPaVH' (A K)

FIGURE 19 - The fatigue crack growth rates.
Steel A = microalloyed steel, S.= 106 Al>0.04%,
305 HB, Steel Bl = microallpyeé steel, S. =115
Al<0.03%, 316 HB. Steel B2 = microalloyed

steel, S, = 115, Al<0,03%, 298 HB. Steel Cl =
CrMo alloyed Q&T steel, 262 HB, Steel C2 =

CrMo alloyed Q&T steel, 320 HB.

LOAD, N

Puax/Pq =110

— —_—— —

Pop-1IN

/
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/
/
/)

CRACK OPENING DISPLACEMENT, mm

FIGURE 20 - A schematic load - crack opening
curve with 'Pop-in. According to ASTM E 399-74
max/P being over 1.10, the measured fracture
toughngss value is invalid.
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FIGURE 21 - A schematic curve of the fatigue
crack growth and final fracture of the high

strength microalloyed steel and CrMo alloyed
Q&T steel.
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FIGURE 22 - Millability of microalloyed and
Q4T steels. N
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FIGURE 23 ~ Drillability of microalloyed
and Q4T steels.

For the smallest holes (d<€4 mm) a special
type of deep hole drills with a sufficiently
wide chip disposal channel is recommended

'~ The microalloyed steel is also sensitive.

to. the cutting data and quality of cutting
fluid in deep hole drilling.

Single point turning test with cemented carbide
tools were-carried out according to ISO 3865.
In finish turning the tool wear was smaller

for the microalloyed steels, especially at
higher hardness levels, than for the CrMo
alloyed Q&T steels, Figure 24, The surface
finish of the high strength grade has also
been proved to:be excellent. In rough turning
no essential difference was. found between

a normal high strength microalloyed steel

and CrMo alloyed Q&T steel at the same hardness
level, FiguraAZS. Calcium treatment, when
leading to round calcium aluminate oxide
inclusions enveloped by . aulphides, has . proved
to have an overall heneficial effect. on the

machinabéllty both with H S.Sw and caé"‘der sy

tools
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FIGURE 24 - Wear of carbide tool in finish
turning of microalloyed and Q&T steels.

Example of the effeét of calcium treatment
(M-treatment) in rough turning of high strength
microalloyed steel is also seen in Figure 25.

Specifying the High Strength Grade

A high strength microalloyed steel, called
IVA 1000, has been developed. Its nominal
composition is the same as was mentioned:

0.45% C, 0.5% Si, 1% Mn, ~0.5% Cr, 0.1% V

The mechanical properties are normally specified
in detail by the supplier in collaboration
with the user. An éexample of a specification
is presented in Table VI. Because the final
properties depend on the dimensions of the
component -and on the forging practice, the
composition-mechanical propérties combination
should be reconsidered for every specific
component: An improved toughness 1s possible
by modifying composition and forging practice
or by low temperature normelizing. Caleium
treatment (M-treatment} is recemmended for
microalloyed steel for an overall improved
machinability., ;

The use of the high strength grade is divided

into two lines: substitution of Q4T steels

at the same strength level and substitution:

of lower strength steels for’ ueight aaving,
e.g. ordinary micrcaliayed steel.

IS0 3865-1977

Toor: CeMenTep CareiDE P10
Feep: 0.4 mM/R .
50 - DepTH oF Cut: 2.5 MM~
=z ‘ :
£ 40 4 MICROALLOYED STEEL
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r 270°HB
: 30 2 . ; T .
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CUTTING SPEED, m/min
FIGURE 25 - Taylor lines in rough turning

" for Q&T steel, high strength microalloyed

steel, and for calcium treated (M-treated)
microalloygd steel, - :
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N/me N/ml g ]

MIN . MIN © MIN-

625 930-1080 2
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TABLE VI -~ Example of mechanical property
specification of IVA 1000.

The first menticned 1ine means - that no essential
reduction in other properties than impaet

‘ strength are expected.

211

~In the 1attér Iine. the»machinability, :
especiglly with Hi8.8. tool, is likely-reduced.
At the ‘momént IVA 1000 is béing”tested in
different automotive components, e.g. in
connecting rods; ap&ndleu, crankshafts nnd Lo
driveshafte. SRR
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