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Summary

The main purpose of the present study is to verify the possibility of joining grey iron EN-GJL-250 with
heat resistant ductile iron GJS-XSiMo05-1 and heat resistant cast steel GX40CrNiSiNb25-20 to create the
two-layered material using casting process with materials in liquid state and in solid state. The mentioned
above method was assumed to solve in an economically justified manner the problem of defects on
turbocharger’s housing which occurred in some high performance premium application. Evaluation of
joint quality was investigated by microstructure observation (LM), alloy elements diffusion (SEM), hardness
measurement and discontinuity inspection by computed tomography scanning (CT).

Keywords: grey cast iron, heat resistant ductile iron, heat resistant cast steel, two-layered material,
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Wytwarzanie odlewéw dwuwarstwowych z zastosowaniem stopow zaroodpornych
na osnowie Fe z mikrostruktura typu ferryt i austenit

Streszczenie

W pracy przedstawiono rezultaty badan okre$lajacych stopien mozliwosci wytworzenia potaczenia
zeliwo szare EN-GJL-250 — zaroodporne zeliwo sferoidalne GJS-XSiMo5-1 lub Zaroodporne staliwo
GX40CrNiSiNb25-20 w procesie odlewania — materiat w stanie ciektym i materiat w stanie statym. Analiza
uzyskanych wynikéw badan wskazuje, ze zaproponowana metoda jest ekonomicznie uzasadniona
dla rozwiazania wystepujacych wad w obudowie turbosprezarki pojawiajacych sie podczas pracy
w warunkach duzej wydajnosci. Ocene jako$ci potaczenia prowadzono w badaniach mikrostruktury
potaczenia (LM i SEM), pomiarach twardos$ci i kontroli nieciagtosci przy uzyciu tomografii komputero-
wej (CT).

Stowa kluczowe: zeliwo szare, zaroodporne zeliwo sferoidalne, zaroodporne staliwo, materiat dwu-

warstwowy, warstwa przejsciowa, odlewanie

1. Introduction

Nowadays the higher and higher power output and performance arsteeue
for the premium passenger car engines. The turbochargers are coraseahty
increase engine power with less fuel consumption, relatively.oOtiee ways to
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achieve this aim is increasing the temperature at theimtethe turbocharger,
even up to 1050 °C for the gasoline applications. Due to this fact, the heat flux to
the bearing housing significantly grows also (Fig.1). Grey castEN-GJL-250

is widely used as the material of bearing housing of turbochdigeas some
important benefits like good castability, machinability, corrosiesistance,
filling mould. It is also characterized by high damping capaaity,rhelting point

and relatively low cost [1]. When this grey cast iron igitsemanufacture casting
bearing housing, some breakages placed in flange of bearing hoogidgccur

(Fig. 2). Relatively small resistance to thermal seesd this material (190 MPa

in 500°C) is reason of defect formation in very high performaodeochargers.

Fig. 1. Cross-section of turbocharger: a — beanmgsing;
b — turbine stage, ¢ — area of defects on beadngihg

Fig. 2. Breakage of the flange of bearing housing
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It can be assumed that simplest solution to prevent castingheakages in
the case described above could be using the higher grade matkkialheat
resistant ductile iron or heat resistant cast steel. Memwtisoletion is not optimal
from the economical point of view. New, more expensive nategiguired to
perform validation procedure to examine the behavior of the bearing component
and oil in the contact with new material. Validation testscedure is very high
costly also. Consider this, the assumption that allows to apply rhighde
material only locally, in areas where it is necessarymade. Assumption can be
realized by providing two-layered material, consisting ofgtey cast iron EN-
GJL-250 in the bearing housing area and new, more heat resistanamatthe
housing flange area — where the heat flux from turbine stagehlaidharger is
increased.

Two-layered material can be manufactured using severahoohet
Commonly used method is welding process [2]. Although the processllis w
known, it is quite expensive in mass production, simple surfgobfs required
and cracks are common at the weld interface. Another method isfschilar to
welding, also regarding restrictions, is vacuum brazing [3]. thauilly, it
requires precisely machined surfaces for the joint. So caltgddiffusion-
compression bonding method can be also used to produce the two-layered
materials [4]. In this process two materials in solatestare compressed in high
temperature to allow the creation of the bond. This method réctedtto small
components with simple shapes. The preparation of the surfadeefguint is
necessary. The next wide group of methods to produce two-layexrtediahis
casting. There are two main types of this process. Firstsonsing two liquid
alloys (liquid-liquid), which are poured into casting mould one ait@ther [5-7]
or simultaneously in vertical direction without mixing of inputterials [8]. The
benefit of this method is that there is no need to prepautfece for joint, but
the mould is complicated, there is need to control temperatur@odgs (using
thermocouples) and surface of the joint has to be plain (gravadyiorquired).
The second type of casting method is using one of the materiatdid state,
placing it in the form and pouring on it the second material indigtate (solid-
liquid)[9-14]. This process allows to provide complex surfactefoint (as the
shape of the material in solid state). Modification of thecdbed above process
is using the material in state of the powder, which is platéae mould and then
poured with liquid material [2, 15-16].

From the economical point of view, best solution to resolve thelgob
discussed is solid-liquid process. To substantial incredseaptesistance, ductile
iron GJS-XSiMo05-1 and cast steel GX40CrNiSiNb25-20 have belented. The
review of literature indicate that limited information eatering joining of
materials EN-GJL-250/GJS-XSiMo5-1 and EN-GJL-250/GX40CrNiSiNP@5-
are available. The focus of scientific literature isjoiming grey cast iron to
different types of cast steel and cast iron dedicated to Wwotkw/ambient
temperature [5, 7, 9, 17-21]. Literature data suggest that goaityqaeding of
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materials from group Fe-C is determined if significant ddifee of carbon
content AC) between joined materials occurs. Depending on the diffessting
parameters, value of difference vary from 1,0 to 2,0 wt.% [2§]fak as this
requirement is achieved for materials GJL-250/GX40CrNiSINM2FAC: from
2,5 to 2,9 wt.%), though no requirement for materials GJL-250/GJS-0&IM
(AC: from 0,0 to 2,6 wt.%) is fulfilled.

The main objective of present study is to determine the possibilipynifig
grey iron EN-GJL-250 with ductile iron GJS-XSiMo05-1 and castelste
GX40CrNiSiNb25-20. Evaluation of joint quality was investigated by
microstructure observation (LM), alloy elements diffusion (SEMardness
measurement and discontinuity inspection by computed tomography scanning
(CT).

2. Material and experiment

Solid-liquid casting process has been chosen as method of twedaye
material manufacturing. Ductile iron GJS-XSiMo5-1 and cagseels
GX40CrNiSiNb25-20 were used as the base material — solid state. Gragmcast
EN-GJL-250 was applied in liquid state. Alloys with known chemical
composition and mechanical properties of materials were u$al.1(2).
Difference of carbon contentAC) between materials in system EN-GJL-
250/GX40CrNiSiNb25-20 and EN-GJL-250/GJS-XSiMo05-1 is accordingly 2,7
and 0,2 wt.%. Higher grade materials GJS-XSiMo05-1 and GX40@NZ5-20
are characterized by more than twice higher tensile streimgtimcreased
temperature 506C than grey iron EN-GJL-250.

Table 1. Chemical composition of alloys

Element content, wt.%
Alloy
C|Cr| N |Mn|Nb| S| Co| W | Mo| Cu \% P S | Mg| Fe
EN-GJL-250 31 - - 105 -119] - - - - - 02| 01| -| bal
GJS-XSiMo5-1 33 - - 106] - 143 - - 109 - - 0,1] 0,01 0,5| bal
GXA40CrNiSiNb25-20) 0,4 25| 20| 0,9 13| 12| 06| 04| 0,3]| 0,15/ 0,05| 0,03] 0,02 - | bal.

Table 2. Properties of alloys. Measured valuesaodliness, others as limits from standard

Properties
Alloy T =20°C T =500°C
Rm, MPa | Ro2, MPa A, % Hardness, HB | Rm, MPa
EN-GJL-250 250-350 165-228 0,3-0,8 233+15 180-200
GJS-XSiMo5-1 530-570 480 5 229+ 14 470-520
GX40CrNiSiNb25-20 410-460 230 4 236+ 6 400-440
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Specimens were manufactured as “sandwich” consisted of two alhcEs
of materials (Fig. 3). Volume of base material (b) wasiad two times bigger
than melted material (a). Specimens surface were prepgrdd; sandblasting,
then ultrasonic washed in isopropyl alcohol and dried. As heat selgcgjc arc
in vacuum welding machine Arc Melter AM was used. Currehiestom 150 to
170 A was applied, until upper material was re-melted.

Fig. 3. Scheme of the specimen: a — material in

liquid state (EN-GJL-250), b — base material indsol
state (GJS-XSiMo5-1 or GX40CrNiSiNb25-20)

Cross section of both joined material systems were prepansgl standard
metallographic mechanical grinding and polishing techniques. Ligitbatopy
(LM) observations were performed using Leica DM3000 microscSpanning
electron microscopy (SEM/EDS) observations conducted using HBa84ADON
microscope. Hardness was measured using the Vickers methatig eisults
were converted according to ISO 18265 to Brinell method scalevhiBh is used
widely in automotive industry. Quality of the joint was evaddhtin three
dimensional space (3D) using computed tomography (CT) scanningn Xik
H450 system with rotating cathode lamp was used with lamp pafved,06 W
and resolution of 16 um.

3. Results and discussion

Typical microstructure of the input materials — ferriiéhwilakes graphite of
grey cast iron, dendritic austenite of heat resistant ¢ast and ferrite with
spheroidal graphite of heat resistant ductile iron is shown on Fig. 4.

Microstructure morphology of joint zone in examined system BEN-G
250/GJS-XSiMo5-1 demonstrate sharp transition (Fig. 5a)t&®ith spheroidal
graphite of GJS-XSiMo5-1 rapidly changes into pearlite mianosire with
visible separations of graphite. Observed microstructure ti@msf EN-GJL-
250 iron is the consequence of carbon diffusion caused by heat ichpad
melting process. Furthermore, both form of graphite — flake and nadutibject
of degradation in the joint zone (Fig. 5b). Whole graphite flakassform to
“‘ljagged” shape — temper carbon. Some of the graphite nodules iaffezdéed
zone (HAZ) present inconsiderable decomposition of spheroidal shaperé¢o
“jagged” shape also.
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100 pm

Fig. 4. Microstructure of the input materials: &-B6JL-250, b) GJS-XSiMo5-1,
¢) GX40CrNiSiNb25-20

SYStEN-GJL-250(1)/GJS-XSiM05-

A

Fig. 5. Microstructure of the joint zone in

1(2)

In contrast to system grey iron — ductile iron, joint zone giesy EN-GJL-
250/GX40CrNiSiNb25-20 demonstrate presence of intermediate zoneséyig
Zone area corresponds to HAZ in austenitic matrix of casl.sCast steel
microstructure transform from coarse to fine grained, deiscaita spacing is few
times less than in material beyond of HAZ (Fig. 6b). It has todbieed, that the
microstructure of grey cast iron EN-GJL-250 transform likewsisan system grey
cast iron — ductile iron.

Fig. 6. Microstructure of the joint zone in syst&-GJL-250(1)/GX40CrNiSiNb25-20(2)
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There is no evidence of alloy elements diffusion between rakstar system
EN-GJL-250/GJS-XSiMo05-1 (Fig. 7). The reason for lack of etemdiffusion
is small difference in chemical composition both joined nmaterintermediate
zone observed in system EN-GJL-250/GX40CrNiSiNb25-20 is charasidniz
continuous change of Cr and Ni content (Fig.8). Atoms diffuses deminsteel to

iron to the depth around 45@m. Other elements difference between joined
materials is too less to activate atoms diffusion.
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Fig. 7. Change of chemical composition in joinesteyn EN-GJL-250(1)/ GJS-XSiMo05-1(2)
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Fig. 8. Change of chemical composition in joinestegn in system EN-GJL-250(1)
/GX40CrNiSiNb25-20(2)

The result of the hardness measurement confirms microstrucansitions
in joined materials. In both joined systems microstructure fosamation of EN-
GJL-250 from ferrite to pearlite results in significantdrass increasing (Fig. 9).
Hardness value change from 233 HB up to 600 HB in both experiments.
Intermediate zone which is visible on microscope examinatisysitem EN-GJL-
250/GX40CrNiSiNb25-20 is reflected by hardness measurement (Figx@apt
of one point which disrupt results (cause of mixing mateiialgoint zone)
continuous change from 600 HB to 200 HB in cast steel is obsdiadness
measurement indicate that intermediate zone is deeper thaadiEbm chemical
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analysis and value is around 1,2 mm. Microscope evaluationnbfijosystem
EN-GJL-250/GJS-XSiMo5-1 did not indicate any intermediate zonsepoe.
Still, hardness measurement result highlighted of this zoowmence (Fig. 9b).
Hardness value vary in zone from 300 HB to 400 HB and depth of zarsuisd
2,4 mm.

a) b)
1 200 1 1
1 1 1
@ | @ | |
1
I 1 T 1 1
1 1 1
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c 1 1 c 1 1
e 1 1 © 1
I 1 1 © 1 1
1 1 1 1
T 1 1 T 1 1
100 1 1 1 1
1 3 2 W q 1 6 1 5
0 1 1 0 1 1
0 06 12 18 24 3 36 42 48 54 6 0 06 12 18 24 3 36 42 48 5S4 6 66 72
Distance, mm Distance, mm

Fig. 9. Hardness profile in joined systems witleimediate zones (3) and (6): a) EN-GJL-250(1)
/GX40CrNiSiND25-20(2), b) EN-GJL-250(4)/GJS-XSIMAEs)

b)
1§ l

Fig. 10. Joint in system EN-GJL-250(1)/GJS-XSiMd2)1 a) radiogram (CT),
b) microscopic image

1.5 mm

1 AR

Fig. 11. Joint in system EN-GJL-250(1)/GX40CrNiS@$s20(2): a) radiogram (CT),
b) microscopic image
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In effect of 3D computed tomography examination of joined systems, no
discontinuity and porosity in both cases was detected (Fig. 10, 11).

4. Summary and conclusions

1. The results obtained in present work reinforces potentiabfusast steel
GX40CrNiSiNb25-20 and ductile iron GJS-XSiMo5-1 materials to manu
facturing two-layered casting in combination with grey irBiN-GJL-250.
Intermediate zone in both experiments is free from discontin@tidsporosity.
Good quality of joints were confirmed in whole connection surfaceQ®) (
method.

2. In cause of joining materials EN-GJL-250 and GJS-XSiMo5-1, tinthag
condition described in literature regarding carbon content in joined nisiigea
not fulfilled, good quality of joint has been achieved also. It shoufzbbeed out,
that arc melting technique was used in experiment to join ralste¥We can
assume, that high temperature of flame enabled joining misterithout meet of
mentioned condition.

3. In both joined systems of materials intermediate zone is tbriper
system EN-GJL-250/GX40CrNiSiNb25-20 zone is visible with roscope
technique application. Zone area constitute finer dendriticteaitis
microstructure then originally used cast steel. Intermediate in system EN-
GJL-250/GJS-XSiMo5-1 is not visible under microscope. foresysof heat
resistant cast steel and grey cast iron. Depth of zones ésediffand value is
respectively around 2,0 and 1,0 mm. No significant change of chemica
composition on the transverse cut was observed for the jdineée grey cast
iron and heat resistant ductile iron, because of the rekatvedll difference in
chemical composition of the joined materials. The continuous chandgfee of
content of Cr and Ni was observed in the intermediate zone fasititdogtween
grey cast iron and heat resistant cast steel.

4. Remelt of ferrite microstructure in grey iron EN-GJL-288ults in perlite
forming. Graphite flakes are transformed to “jagged” shapetpér carbon. New
microstructure is characterized by three times higher hasdinas originally used
grey iron. We can consider this phenomenon as unfavorable seeivgotiat
machinability of remelted material.

The work on this problem is in progress and consecutivetsesill be
published in a succeeding paper.
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