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ABSTRACT Zirconium based alloy is a new type structural material with high specific strength
and good comprehensive properties. In this article, quasi–static compression at room temperature
and dynamic compression under various temperatures were performed to a new zirconium–titanium
alloy. It was found that this alloy showed good strength and plasticity, and the strength increased
and plasticity decreased with increasing strain rate or decreasing temperature. A constitutive model
under dynamic compression was established based on Johnson–Cook model, and accorded well with
experimental results.
KEY WORDS Zr–Ti alloy, dynamic mechanical property, temperature
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1 Zr–Sn G� Zr–Nb G, <�(2 900 MPa[8−13].
20 @G 90 A?, 83�8��(7 HÆ (�3I 
-, 0�3 -7 B�<���G���9��9>$
�-G?:;�����, 4���>C<GD�:;�
9Æ���� [14−17]. :3�3 -E�@H, JK@ 
AFE�, I;�%HÆ"1���H=+�>1 )*,
,IH=0G�D?��4�.

?B, Liang � [18] J�0-@<I3. -, <�
(2 1200 MPa 4�, ;7 @?�E�. A53�7
J��K@, 3. -+C<�!�, I;5� $�%
�, 7 @��@<�, ,3���DB ()�4�5
E, (�L (���!���('. HIL3. -
�;E"��7 @?�����, :��J��"��
�C ����8 K�-�83.

LM�3. -�+:���@�4�0FÆ'�
������0KN83, �OG�1>4, LL3. 
-������4�M,IN.

1 ./0D
<I3. -�1�1M (E)MD, %) L 47Zr–

45Ti–5Al–3V, 4D?ONG Zr, NG Ti, Al � V
L��, 6�FOLG�PPHMI. QH1HQR/
1050 �RS 2 T, 930 �JS 2 T=1IKJ 60 mm �
U�. 6�PSTVSPU��NUOQ, /W:X>�P
VR, Æ�R6�L� Leica MEF4A -KR�M (OM)
)Y -�KL"N, Æ�OWK1L 15 mL HCl+
15 mL HNO3+400 mL H2O. � Rigaku D/max–
2500PC I X– QSTQU (XRD, CuKα) MV 
-�K (, 2θ ROXWL 15—85 deg, RO0FL
2 deg/min, �&L 0.02 deg.

S�MPPXTKN6�IK 5 mm, � 10 mm �
NO"OQ� Instron5582 P�Y�ON>��0, 4�
0FMZL 10−4—10−2 s−1. PXTKN�MQL
Hopkinson XYMZ� −50, 20, 100 � 200 ��0, O
Q)*LIK 5 mm, Z 3 mm �N�, �G�QX<
MZL 0.5—1.0 MPa, 4�0F 1500—5000 s−1. �
Quanta 600 ROPM (SEM) )YOQ"R"N.

2 ./12345
2.1 6ÆP789:;<

Z 1 UVL 47Ze–45Ti–5Al–3V  -� OM [�

XRD W. QZ 1a (S(,  -2QI\K�[\ÆR�
]^KK1. QZ 1b (S,  -Q α K� β KK1.
2.2 =>?@ABC

+:4�0F��S�MPPXT4� – 4�XS
BZ 2 UV. (4S(, S�MPPXT!,  - [�
�Y&<��XT"�<�, _;��4�0F���I

D 1 47Zr–45Ti–5Al–3V ��� OM ]� XRD Z

Fig.1 OM image (a) and XRD spectrum (b) of 47Zr–45Ti–

5Al–3V alloy

D 2 �
�������
��	� – �[^
Fig.2 Quasi–static strain–stress curves of Zr–Ti alloy un-

der various strain rates at room temperature

T ��;4�0FV 10−4 s−1 6�% 10−2 s−1,Y&<
�V 1281.3 MPa ��% 1410.2 MPa, ��0J 10.1%,
I"�<�V 1819.5 MPa ��% 1906.2 MPa, ��0
J 4.8%. "�4��1+UR, JL 12%.

Z 3 UVL4�0FL 10−3s−1 !�"R"N. Q
Z 3a UV�\)"N(4S(, MPPXT"�!":
AT_1 45◦ ], WUXT!� �2? N4�"�;
\)"R_+\I. VZ 3b �(4S(, "R�+VU
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M`�[�^�a�_b (Z�cNUV), 0`U��"
�!_+2�X-dVB ��a, IRYW?X� "
�, I2�? MN4�2%Z[MN4�!, �+:d
V:!B ��a_YW. "R�( +VUM`�_
b, WU�aYW;a�'MdVQ!dbY� 0^
e, 0 L!��E����. QZ 3c V("R�_b"
N(4S(, _b7 [<�<_�, a!_N_b, 02
�? N4�46� ` [19].

D 3 ��� 10−3 s−1 b�cfc\g]

Fig.3 Macroscopic morphology (a), microscopic morphol-

ogy (b) of fracture surface and ductile dimples in

fracture surface (c) of the specimen compressed at

strain rate of 10−3 s−1 (ellipses in Fig.3b show the

tearings and ductile dimples)

�-a��Ih, -d�`, ��4�0F���, d
bY0F� , ��0db^e�Z�, 1��B a
�<1, <�� , :!dbe �JF� , 1���E
�%� [20]. :Q 3b (4S(_bU[:2_+ , (b
^eU[@^[., 01>MPPXT!4�0F���
���\i[., AZ 2 UV `Kc.
2.3 ]ABC

2.3.1 EFGHIJKLMN �S��6�+:
�4�0F�0PXTKN, �G�QX�MZL 0.5,
0.7 � 1.0 MPa, �4�\V4�0FMZL 1500, 3100
� 5000 s−1. #�G�QX�L 0.5 � 0.7 MPa !,
Q!G0@�, �QYd��)+2, Zr–Ti  -^2�
 0UR�E��", @ 46; �QX�L 1.0 MPa
!, QÆ�P�_�f46, ;�QÆ"�!)Y% 
U_�ST, 0`U"�!ed��)@ . Z 4 2 Zr–
Ti  -�S��+:4�0F!�PXT�4� – 4
�XS. (b, PXT!, Zr–Ti  -7 @?�Y&
<��E��"��, �G�QX�L 1.0 MPa !, Q
Æ�465/`0 14% �E�4�; I�G�QX�L
0.7 MPa!, QÆB 0 22%�E�4�. �+:�4�
0F�, Zr–Ti  -QÆgW (4�f1 j, 3QÆ
�PXT_e���� Y&R, ��E�4����,
QÆ��";��f%�. �!�G�QX�L 1.0 MPa
�QÆ,Y&<� ! 1700 MPa,:?X"�!4�^ 
1500 MPa. ��4�0F�6�, Zr–Ti  -�Y&<
���, E��")g..

Z 5 2S���G�QX�L 1.0 MPa !�PX
T"R"N. (4S(, "RA�_<_J1 45◦ ], W
U"�<LL? N4�+1�_N"�, "R 'M@
LV^, IG��kM`�6)�_bBZ 5b UV. �
��4����B �", #;0Y&hhR, Q!db
��U��`�e �, 1dbY�Z���, #'�"
;����, VI6�<�, 0iL����D91. :

D 4 �
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Fig.4 Dynamic compression stress–strain curves at room

temperature (20 j)
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���4�0F[ !, (�#1db��U��`�e 
��+�� , �aab�"#��c �)#�db+
146, VI+1���Y&;R+b� �D91, I
� 4�f1 j.

2.3.2 OPFQGHIJKLMN Z 6 L+:�
��P����G4� – 4�XS. QZ 6 (4S(,
 -�PXTÆ'�, VW (Y&f1 j. �:-
���, ��4�0FV�1 -�Y&<���, :!
E�4�g.; I�������, :-4�0F� -
�Y&<��%, E�4� U��. �,24�0F�
��Zkdb�YW, VI��Y&<�, I���g�
 L!db�YW, VIg.Y&<�. d�, −50 ��
#�G�QX�L 0.7 � 1.0 MPa !, Y&<�MZ�
�2 1800 � 2000 MPa, :E�4�F^ 4% cd, [
UR!�. 0`UPÆ'�, �����4�0F� 
-!1.

2.3.3 IJRSTUGHVWXYZ[ Johnson–
Cook(J–C) <I2�-a��L(<ah !;��-

@O/N<I, i<1053L(4e�Y&:�ij,
VI  j10<I�"L, H;kl!D`:l [21].
Johnson–Cook L(<I�W2LB�:

σ = (A + Bεn)(1 + Clnε̇∗)[1 − (T ∗)m] (1)

L�, σ L Von Misses f�4�; ε L�7E�4�; ε̇∗

LE�4�F (ε̇∗ = ε̇/ε̇0); ε̇0 L J–C <I�lg4�
F, -d:MPP!�4�F 10−3s−1; T ∗ Lm)k��
� (T ∗ = (T − Tr)/(Tm − Tr), G� Tr LS�, Tm L

���Mm); J–C <I�lm 5 nK,/NlD, G
�, A LY&<�, B � n L4�<1lD, C L/N�

4�FhoGD, m LWe��f174�lD [22,23].
piU>PXTKNDi, n;h >%�

<a (1) �� A=1580 MPa, B=53.3 MPa,
C=0.017, m=0.71, n=−0.313, ,3, 3<I3.
 -� Johmsom–Cook L(<aL σ = (1580 +
53.3ε−0.313)(1 + 0.017lnε̇∗)(1 − T ∗0.71). Z 7 4(
0KNn>�G4� – G4�XSAh XS. (b, j

D 5 �
�fo�m�o 1.0 MPa b���	c\g]

Fig.5 Macroscopic (a) and microscopic (b) morphology of dynamic compression fracture surface at room temper-

ature when the shooting pressure of the striker bar of Hopkinson pressure bar was 1.0 MPa (5000 s−1)

D 6 ��
����	g� – �[^
Fig.6 Dynamic compression true stress–true strain curves under −50 j (a) and 200 j (b)
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D 7 ���	����	g� – g�[^hn�[^
��p

Fig.7 Comparisons of dynamic compression true stress–

true strain curves with fitting lines from J–C model

under different temperatures and strain rates

(a) 20 j, 1500 s−1 (b) 200 j, 5000 s−1

ac @?.
3 15

(1) 3. -7 :;�XT<��E�. ����
�g�,  -�<��%, E���; ��4�0F�g
�,  -�<���, E��%. d�, # -�����
4�0FÆ'�!, W (8?�Y&<�, :UR!1.

(2)   PXTKNDi, qk03. -�
Johnson–Cook L(<a: σ = (1580+53.3ε−0.313)(1+
0.017lnε̇∗)(1 − T ∗0.71), <aA4� – 4�XSp 
@?.
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