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Abstract: Maximum value of thermal stress and stress concentration zones of iron/ TiC ceramic tappet during cooling

were studied. The results show that when the temperature is 300 K, the maximum values of shear stress and tensile stress
on iron/ TiC ceramic interface both appear on the tip of TiZrNiCu/ iron interface, so cracks always originate from TiZr

NiCu/ iron interface. Positive tensile stress on iron undersurface relaxes to the inner of iron and negative tensile stress on

iron undersurface concentrates on the side of iron as the temperature declines, which leads to the origination of cracks on

iron undersurface because of the alternation between positive and negative tensile stress.
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1 INTRODUCTION

Recently, with the development of auto engines
to the direction of high speed and power, the proper
ties of the tappets used in auto engines become more
and more important. So how to improve the wear re-
sistance, fatigue resistance and oil storage of the tap-
pets becomes a major project in the auto field. A new
kind of compound tappet was studied in this paper. It
was made of TiC ceramic, which was brazed on the
wear surface of iron. This kind of tappet can make
full use of good wear resistance of TiC ceramic and
good toughness of metal. Fig. 1 shows the mr
crostructure of this new kind of compound tappet.

There are many methods for joining ceramic
with metal, such as brazing!"", diffusion bond-
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ing! ¥ and microwave welding |, Brazing has

Fig. 1 Microstructure of compound tappet

become one of the main methods of bonding ceramic
and metal in these years. However, it is difficult to
obtain a high strength joint because of the mismatch
of physical property between ceramic and metal,
which always leads to shear stress concentration at the
interface of ceramic and metal. In this paper, numer
ical simulation of iron/ TiC ceramic tappet brazed with
TiZrNiCu is studied, which provides a reference for
brazing compound tappets.

2 RESULTS AND DISCUSSION

2.1 FEM model of iron/ TiC ceramic tappet

Fig. 2 shows the two-dimensional FEM model of
iron/ TiC ceramic tappet. Two-dimensional size of
test samples are as follows: that of iron is 40 mm %X 75
mm; that of TiZrNiCu filler metal is 30 mm X
0.02 mm; and that of TiC ceramic is 30 mm X
5 mm. Table 1 shows the material parameters used in
FEM calculation.

Two types of boundary condition are applied to
the sample: 1) displacement boundary condition,
which is applied to all nodes at iron undersurface( y=
0, z= 0); 2) load boundary condition, which is ap-
plied to all nodes at TiC ceramic surface( F= 4. 8 N).

When iron/ TiZrNiCu/ TiC ceramic joint is heat-
ed, TiZrNiCu filler metal becomes soft and thermal
stress can be relaxed by the deformation of TiZr-
NiCu. Therefore, cooling course is only temperature
depandent during FEM calculation.
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TiC ceramic brazed at 1 173 K ( Only left part of the tappet is
i } ) cons’idered because of its symmetry and element edges
beoin 1 i aren t erased for the convenience of analysis in this
suy : %‘ Ziriiioias s U paper) . Fig. 4 shows the change of shear stress at g
h TiZINiCu

i Iron

Fig.2 Two dimensional FEM model of

iron/ TiC ceramic tappet

Table 1 Material parameters used in
FEM calculation

Elastic Yield g{gﬁf}gﬂl Pafisale
M aterial mo(c;h}l)lus/ st rﬁlgth/ - satls
& a 10 °k~ !
TiC ceramic 103.5 250 11.76 0. 250
Iron 310.0 240 9.76 0.326
TiZrNiCu 108.0 375 9.80 0.340

2.2 Effect of temperature on thermal stress
2.2.1 Effect of temperature on shear stress

Fig. 3 shows the development of shear stress
during cooling along iron / TiC ceramic interface

point and h point during cooling. It can be seen from
Fig. 3 and Fig. 4 that when the temperature declines,
the shear stress on iron/ TiC ceramic interface concen-
trates on the interface tip( g point and h point) .
When the temperature is 300 K, the maximum value
of the shear stress is on left tip( A point) of TiZr
NiCu/ iron interface and cracks always originate from
that site.

It also can be concluded from Fig. 3 and Fig. 4
that the shear stress value at h point decreases and
then increases with declining temperature. The
change of the shear stress value at h point is because
that TiZrNiCu is soft at the beginning of cooling,
which makes shear stress relax by its deformation and
the shear stress value at h point decrease. Because
TiZrNiCu can't deform any more after that course,
the shear stress value on h point increases with de-
clining temperature. When the temperature is 300 K,
the maximum value of the shear stress of iron/ TiC ce-
ramic is up to 107. 75 M Pa.

2.2.2 Effect of temperature on tensile stress

Fig. 5 shows the development of tensile stress on
iron/ TiC ceramic interface during cooling. Fig. 6
shows the change of tensile stress at g point and h
point during cooling. It can be seen from Fig. 5 and
Fig. 6 that when the temperature declines, the tensile
stress on the tip of TiC ceramic/ TiZrNiCu interface
decreases and then increases, while the tensile stress
on the tip of TiZrNiCu/iron interface increases and
When the temperature
decreases to 300 K , the maximum value of the

then decreases.

Fig. 3 Development of shear stress on left tip of iron/ TiC ceramic interface during cooling
(1173 K, v= 20 K/ min)
(a) —AT= 44 K; (b) —AT= 61.6 K; (¢) —AT= 132 K; (d) —AT= 281.6 K; () —AT= 325.6 K; () —AT= 440 K
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Fig. 4 Change of shear stress on different points during cooling (7= 1173 K, v= 20 K/ min)
(a) —g point; (b) —h point
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Fig. 5 Development of tensile stress on left tip of iron/ TiC ceramic interface during cooling
(1 173 K, v= 20 K/ min)
(a) —AT= 8.8 K; (b) —AT= 17.6K; (¢) —AT= 440 K
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Fig. 6 Change of tensile stress on different points during cooling (7= 1 173 K, »= 20 K/ min)

(a) —g point; (b) —h point

tensile stress on iron/ TiC ceramic interface appears at
h point and the value is — 234. 072 M Pa.

Fig. 7 shows the relaxation of positive tensile
stress during cooling on left tip (i point) of iron un-
dersurface. It can be seen from Fig. 7, when the tem-
perature declines, positive tensile stress relaxation o-
riginates from the tip of iron undersurface and relaxes
to the inner of iron.

Fig. 8 shows the concentration of negative tensile
stress during cooling on left tip (i point) of iron un-

dersurface. It can be seen from Fig. 8, following the
relaxation course of positive tensile stress, negative
tensile stress originates from and concentrates on the
side of iron with declining temperature. T herefore,
cracks on iron undersurface always take place because
of the alternation between positive and negative ten-
sile stress.

3 CONCLUSIONS

1 ) The maximum value of shear stress on T
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Relaxation of tensile stress during cooling on left tip of iron undersurface

(1173 K, v= 20 K/min™ ")
(a) —AT=8.8K; (b) —AT=26.4K; (¢) —AT= 44K

=

Fig. 8 Concentration of tensile stress during cooling on left tip of iron undersurface

(1173 K, v= 20 K/min™ ")
(a) —AT = 228.8 K; (b) —AT=316.8K; (¢) —AT= 440K

ron/ TiC ceramic interface is on the tip of TiZrNiCu/
iron interface. The maximum value of shear stress de-
creases and then increases with declining tempera
ture, which is up to 107.75 MPa when the tempera
ture is 300 K.

2) The maximum value of tensile stress on iron/
TiC ceramic interface appears on the tip of TiZr
NiCu/iron interface. The maximum value of tensile
stress increases and then decreases with declining
temperature, which is up to — 234. 072 MPa when
the temperature is 300 K.

3) Positive tensile stress on iron undersurface re-
laxes to the inner of iron and negative tensile stress on
iron undersurface concentrates on the side of iron with
declining temperature.
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