9302635

Development of a New Lighi-Weight

ABSTRACT

“developed . helical
sprlng can be .used : at a‘ stress
level up to 1300 MPa. The mate-
rial is -composed of Fe-C-Si-Mn-
Ni-Cr-Mo-V. alloy. Its strength-
toughness - balance 'was greatly
superior to that of other sprlng
steels. :

Thls nery

,1mprove the: fatlgue

strength at a higher stress level,

decarbur:.zat:.on at the surface upon
austenltlzlng was " severely ‘con
trolled

applylng

Then, car spec1al

the flrst time,

obtaln a  surface ' residual
stress ~at ¢ the +surface of ‘over
1000 MPa. The _spriné was first

applied to a 1992 TOYOTA model

car.. Plans are to.increase the
use -since the spring material
achieves a weight reduction of
at .least 30 % and, posslbly, 35
to 40 %. ‘

1.INTRODUCTION .

Automotive suspension springs
which affect greatly the auto-
mobile’s running performance

~induction .
“shot
lntroduced “for.:
waSﬂ~applied*§to“
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have been . changed . for.- this
fifteen years. In partlcular the
suspension-spring of a passenger
car changed - from leaf sprlngs to

coil sprlngs radically'~ 1n’*the'
seventles. ‘Also at the same time
the suspenslon system was im-

proved to “Yoptimize the ‘running
characterlstlcs using computers,
and various.'kinds of suspension
systems with coil springs were
developed "and tried from multi-
link . suspen51on tc Mc ~Pherson
strut. ‘electronic. 'con-
trolled actlve suspension |
tems were developed, thelr
appllcatlons are conflned to - a
small usage.’ o

A high'silicon spring .steel
similar to SAES26Q0 has been in
use in Japan for twenty years in
order to malntaln vehicle bumper
height. At '@ the same’ time con-
sidering the lmplovement of fuel

economy, a llghtwezgnt and high
sag reSLStance .7 8pring with
vanadium and ‘4colamblum was

developed for use in the early
eighties(1)". Since the  oil
crisis in '73, the weight reduc-
tion of automotive parts has
been one -of the imperative
agenda, and now the preservation
of global “environment regquires
us to reduce the exhaust carbon



leading to the
automotive
light as

dioxide as well,
conclusion that the
parts should be as
possible.

-2.TECHNOLOGICAL PROCEDURES

Weight reduction in coil spring
implies - the use of light weight
materials or a thinner steel bar
whlle%;; malntalnlng adequate
spring. _per Vrmance and charac-
terlstlcs.ﬁL’ ht weight materi-
als are not w1th1n the coopo of
this paper. = | .,

Assuming. ‘a cyllndrlcal coil
sprlng with coil diameter, D and
bar dlameter ;L. the spring
mass, W}ls expressed as follows..

W={(2 p.GP: 2/k)/ <2 . :

(» :density,P:load, k: sprlng
rate),‘where t means the
- design stress.

Namely the spring welght is-
~the:

1nversely proportional to
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square of design stress as shown
in the egquation and in Fig.l,
leading to that the weight
reduction of a coil spring is
accomplished by raising the
design stress, in other words,

by using a  high strength
steel . -
Generally . automotive sus-

pension coil springs are coiled
after heating above austenitiz-
ing temperatures, followed . by
quenching and tempering. While
the weight reduction of a coil
spring corresponds to raising
the maximum design stress: W1th¥a‘
spring steel bar of a smaller
diameter, two things must be- put
into con51deratlon,{m?‘sag ’
(creep or stress relaxatlon

to shorten the 'spring height.
causes ! lowerlng the bump
height and the ‘headlight " foc
to  deteriorate: sthe riding “ pe
formance. and safeby(Z)
» .~ In the development of suspé
sion coil sprlngs ‘the main tech
ogy was placed upon sag resistan
to - keep : the height: of a-
during service.-:.Since then usi
a hlgh silicon: steel and appl
ing warm setting: have been mo
popular ways- tozlnprove the )
resistance. .. . v ,
+» 8ilicon is well known for i
solution strengthening ablllty‘ n-
steel and it is found that it isgi:
effective in improving of sag re-"
sistance as seen in Fig.3. Silicon -
does not form the original carbides"
and exists in the ferr:.te matrix as
a substltutlonal solute atom. The -
atomic radius ratio of silicon is
large and then:=contributes tbf
solid solution strengthenlng(B) it
About ten years ago a high ”




conditions

Improvement of fatigue —
strength

— Optimum shot peening

— Reduction of decarburization

— C decrease for toughness
increasing

— Toughness

'V, Mo addition for
grain refining

.+ Ni addition for
- toughness increasing

— Haric!‘ening

Cr addition for hardenability

?'v

- Pmmng of
dlslocations

L Warm setting
(Si’hking of dislocations)

Procedures ;
el

, s;Ll:Lcop such as

~with an4add1tlon of vanadiﬁm end”
in’

- columbium wa developed
Japan. It,:is said that wusing
three mechanisms 1i. e., solutlon
strengthenlng, N prec1pltatlon
strengthe ng and grain reflnlng
can rais Tthe sag re51stance.

It lS also said that the
sag resistance will 'be con-
trolled ”by ‘ constralnlng the
dlslocatlon movement, for which
there are three ways. Firstly it
is to raise the dislocation
movement resistance by increas-
ing the hardnes . Secondly,
pinning effect of dislocation by
precipitation of «carbides is
known to be effective. Thirdly

29

Si, Mn addition for sohd
solution hardening

— V, Mo addition for preczpltahon = {
hardening S

graln reflnlng is also effectlv

in shortenlng of the averag
distance of dislocation move
ment. ) I T e

on thé other hand fatigue =~
is another functlonal ‘damage to
be taken into . account But com-.
pared  with  sag
fatigue  of su"penSLOn coil
springs has been*{hought negli-
gible,for there has been no.
report on the fatigue fracture
of the suspension coil springs
in the market. At the first
stage of our development, howev—.
er, the springs made by conven-—,
tional processes were found not
to satisfy the specified fatigue
endurance at a high ‘stress

”resz.stance,jj- 3
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level.

As the design stress 1n—
creases, the pitch angle also

increases to give the spring an
‘additional bending stress. This
additional bending stress doesif‘
not come from Wahl’s theory, but
only finite element analysis can
clear}y show the effect corre-
spcndgng" “to the result ]§f;
stress measurement by strain
gauges. ' R
Generally speaking th
fatlgne starts from the surfa
of a spring, especially when i
was fatigue tested at a higher
stress level. This corresponds
to the fatigue crack initiation
on the surface, for which sur-
face 'strengthenlng such 5
nitriding is known to be effec-
tive(4), but as long as a large
suspension spring is concerned,
nitriding process is not realis-.
tic from an economical pcint of
Instead decarburization

view.
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control and residual stress
become very important for a
suspension coil spring to satis-
fv the specified fatigue endur-
ance. '

3.MATERIAL DEVELOPMENT

As previously stated, raising the
de51gnstressrequlreshardenlngof
the materlal When the maximum
designing  stress is taken as
tmax=1300 MPa in shear stress,

- torsional proof stress must be

raised above 1300 MPa, i.e. the
tensile strength must be raised up
to 2100 MPa.

; As 1 ]hardening,}usually it
can be de with decreasing temper-
ing temperatures, dropping the
toughnes_ at the same tlme Essen-
tially strength ‘and toughness
wéke in ‘a contradlctory rela—
tlon, i i

ness. as. well as hlgh strength.
It is well known that toughness
is’ improved with decreasing
carbon content but 1n that case

strength addlng the alloy1ng
elements. .
W:Lth  low carbon steel one of

the technologlcal.ways to increase.

tlon of;quenched martensite into

ferrite and carbides during temper-
ing. n_.this respect Si is
mostly effective especially at a
low temperatures tempering, for
Si is known to delay the forma-
tion of. ;cementlte(e :FegC )
during temperlng (6,7). Another
to increase the strength of

way
a low carbon steel is to exploit
both sclution hardening and
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hardening.

precipitation
"Si and  Mn

this respect

as conflrmed in Fig.4,

For
are ..

effective -in solution hardening.
and V and -

Mo are expected to cohtribute to:
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Fig.5 Notched toughness in
i;elatlon to hardness

lowing chemical composition was

determined  based upon - creep
testing to see sag resistance,
tensile strength and  Charpy
impact test to obtain a

steel; 0. 43C -2. 5bl i. JMn D 2Mo—

rec1pl+a+lon harden1ng(8,.j .
' " According to the presump~ - 1.0Ni-0.4v.
tlon stated above, a L-16 matrix Fig.5, shows notched tough—
was ' laid down to _optimize the: ness of 'the newly developed
content of alloylng elements. In spring steel after quenching and
the: process,‘ Ni was added to. tempering fas a function of
enhance the toughness‘ of the: hardness in Comparlgonfw1th that
'steel. As the result, ; the fol- of SAE9260, where  toughness
 Table 1 Chemicel oompositionJ[Wt%]. R
C Si Mn Cr Mo | V
Developed steel 0.45 2.5 1.3 0.2 0.2 0.4 1.0 150
SAES260 0.6 2.0 0.8 - - - - -
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1000 ‘ ment might be related to reduc-
n=20 ing of carbon from 0.6 wt} to
0.45 wt%.
500 b ] i Theresultcxfrotatlng bendlng
fatigue test is shown in Fig.6. The-

fatigue limit of the developed
steel was found to be higher
than that of conventional
SAE9260 by 30 %.

Fig.7 shows the result of
torsion creep test. The torsion
1 creep strain corresponds to sag
seen in a spring. In this exper-
iment, creep stress on the newly .
developed steel was increased by
30 $ , when it is compared with
SAE9260. atynormal stress level.
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(Austenitization)

1

Coiling
1.
[Ollzquenchtng
l
Tempering
1
Warm setting

i
[Shot peenlng
‘evaluated by Charpy 1mpact test | i
"becomes®low. On the Other hand, ‘
toughness ~ of Coating
developed steel
hardness: This

ence of toughness onit hardness :
might be related to shifting of Fig.8 Manufacturing process

the temper brittlene%s to a
higher temperature because of Si
addition. And toughness improve-

creep

Torslon:
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Table 2 Dimensions of the spring used for test

Wire diameter' Coil diameter Number of Free height Spring rate
imm] [mm] total turns [mm] INﬁﬁnﬂ
3 12.1 51046 5.4 263.4 47.0

the higher stress was exerted,”
the residual strain of the newly
rdeveloped steel was much smaller
‘“than that of SAE9260 tested at a

. lower stress ‘level, indicating
“’that the newly’developed spring
+steel can be . .used at a high

level ~to reduce the

800

H

-

Hardne'ss.

2o | :;?MM ,
0 ’ ﬁf{, .2 0. 3

Distance from surface [mm]

Flg 9 Reduction of ‘decarburization
by induction heating
(afterA663 K tempering)

he result was .that even after .
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4.SPRING CHARACTERISTICS

To see the spring characteris-
tics,. coil springs® were. coiled
for evaluation accordlng toythe
process shown s.below in_ Fig.8.
The spring specifications are
also shown in Table 2.
- The austenltlzlngk,furnace

for ‘the heating .of steel bars
over Aj point (about 113Q3K) is

an induction heating e pec1ally‘

developed for this pufpcse. The
objective of - utlllZlng - the
induction heatlng is to, uppress

'on “the surface of sp
effect of the 1nduct1
is seen in Flg 9.

' Just a;ter the heatlng,
steel bar is to be coiled,
a mandrel,_then qulckly>quenched7
into oil to make-the. phaee hard
martensite, and spring . .is picked
up from the oil, pasaed into a
tempering furnace*}or about an
hour. In the. temperlngmprocess,

the phase changesf” ;9 s marten-—
site to sorbite!s ,kglve the
steel both ALoughness and

strength necessary for a sprlng
The spring is then warm set
and shot peened to create a large
amount of residual stress distribu-
tion on the surface. As previously.
mentioned, in this case, thesprlng
is tempered as hard as HRC55, about
five point harder than that of
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sprlng.

“ the -
1a_auuuu HRL53,

prlng,
in" fatigue.

;gtWO' measures were taken into
‘account. One is eliminate the
“strface defects such as decar-

burization as well as non-metal-
lic - inclusions. The induction

“heating we introduced to sup-

Flg 10 Comoarlson of sag ‘resistance
" between SAE9260 and developed

“So:the?

he conventlonal sprlngs.
shot peenlng process}lmust ber
fltped to ‘such  a hardenedﬁ

Since the springs proc-
essed through this line exhibit
y*decarburization, the hardness_;
surface after temperlngj
so the shot used
~this process must be hard an

‘As” well known}"since” the
g resistace is proportlonal to .
'hardﬁbss,b this ‘hardened spring.
'Hlblts a superlor sag resist-
ance?in combination with solu-
“.tion hardenlng even at a higher
. stress  level, as shown"'in'
- Fig.l10. ’\ '
& Ink the - development of the

‘the main problem eXLSted»
In order to satlsry»
yhe spec1f1ed fatique endurance,i
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press the decarburization on the
peeled steel bars were so suc-
cessful that basic fatigue

chatacteristics were ‘enormously

process, as shown in Fig.l1l. As
‘the result, fatigue was put up
to a level over the generally
specified 1limit even  under a
‘higher stress
comparison of .the fatigue endur-
ance is shown in Fig.12.

Finally, as to the corro-
sion, corrosion resistance was
investigated in a .salt spray

chamber without coatlng, for
corrosion of suspension springs
has been a problem es] i
the salt sprayed r
winter. As shown in Fig.13, the
depth of corrosion p after

‘Developedi

stee}

SAES264Q

Fig.13 Micrographs of corrosion pits
((3 hrs. salt spray +21 hrs."

atmospherlc exposure)x20
cycles) (X 70)

comparedﬁ with the ,COhventlonalf

‘amplitude. The

: é . SUMMAR&? -

“difficulties
-realization in the -process. For

salt spray for 20 days, during
which drying process was intro-
duced every 21 hours, is clearly
shallower than that of SAES260,"
probably due to the effect of Ni

- added to the steel. Then  the

springs were put into fatigue

test to see the corrosion fa-,
tigue. The result showed .that
- the fatigque endurance was egqual
~to . that of the

conventional
sprlngs even tested at.a higher

?stress level.

P
-

-

~Throughthlsdevelopmentofeal;ght
weight steel spring, we applied

almost all of the advanced tech-
nologles ..we could  try, Dbut
existed .- in . its

almost three years in close
collaboratlon ~ with  an . auto
maker, a steel maker and a
$Q§%F9; maker, - we_ designed . and
constructed from : the -basic to.
Te 2alize - the welght reductlon,of

ia suspension 0011 sprlng by over:

30580t i .
(1) The . sprlng was found to be

dé51gned and used with the maximum

shear stress of 1300 Mpa, reducing

the spring weight by over 30 %,

presumably 40 % in wcomparlson

with a SAES260 sorlﬁg«;

(2) To meet the specified fatlcue

ce, decarburJ. at ,on must be

»icompletely ellmlnate tb lncrease
“the effect of shot peenlng. It is

estimated that the residual stress
after shot peening should be as high
as 1000 MPa.

(3) To increase the toughness,
carbon content was lowered £from 0.6
$ to 0.45 % and 1 % Ni was added.
Si, Mo and V played an important
role in increasing the strength,
enabling a low temperature temper-




‘f”(1953),p 498.
(4)"T. lehﬁmura et alé‘"The Valve/

ing.
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