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ABSTRACT Ferrous parts were prepared through high velocity compaction (HVC), the relationship
between the impact energy, the impact velocity and the stroke length was investigated. The effects of
impact energy and compaction methods on the green density, the maximal impact force, the withdraw
force and the radial springback were discussed. The results showed that the impact energy was direct
proportional to the stroke length and the impact velocity is parabolic to it. The green density increased
with the impact energy increasing. In single impact the green density was 7.336 g/cm3, relative density
about 97%, when impact energy was 6510 J. For the same total impact energy the green density of
specimen processed by double impacts was the best and that of specimen fabricated by triplex impacts
was the lowest. The withdraw force and the radial springback of specimen produced by HVC were all lower
than that of specimen processed by traditional compaction.

KEY WORDS synthesizing and processing technics, PM, green density, high velocity compaction,
impact energy, withdraw force
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1 7�89
DN'!�/�HOP2C!, F'H 99.5%,

EFIJH 28–150 µm, *:HRG*.

D 0.5%(;;+L) !<=ÆQ>C!SM, 0
HYP35–7 5�":A#*#T<# ?UHR, )

,VH 60 mm, :VH 30 mm. 'IOWK;HR!
+?"'.

2 @AÆBC
2.1 DEFGÆDE�H�IJK�

�"# 9!:A*;H9A'SL!X>9
AM'J*6K, Y

E = WF + EG (1)

)5 E H:A*; (J), WF H9A'SL!X (J),

EG H9AM'J* (J).

( WF K EG +LH

WF = Fh (2)

EG = mgh (3)

)5 F H9A' (kN), h H9A:ATD (mm), m

H9A;; (kg), g HM'/"' (10 N/kg).

(9A' F H

F = PA (4)

)5 P HN##7 (MPa), A HN#?9AO'!
#/KZ (cm2).

?3 HYP35–7 5�":A#*#T: P=28

MPa, A=31 cm2, m=135 kg. J:ATD hH 50 mm

HL,PQ (1)–(4)H: WF=4.34 kJ, EG=0.0675 kJ.

QEMJNM, EG R33WF,MJ[O,P (1)M

\UH

E = WF = Fh (5)

 (5) NP, :A*;>:ATD6COV(*G.

2.2 DESTÆDE�H�IJK�
�"# 9!:A"'�9A><&:P+Q

]R9!"'. ^_*;W`SQ, Q (5) H

E = WF = Fh =
1
2
mv2 (6)

)5 m H9A;; (kg), v H:A"' (m/s). Q 
(6) Ma: v =

√
2Fh/m, Y�"# 9!:A"'

>:ATD6COREV*G.

2.3 UVJWT
TX 1 MJNM, YX:A*;!Y/, +?"

� 1 UbSTVWXZZUVWYZ[[
Fig.1 Effects of impact energy on green density (Sin-

gle impact)

'\cY/. [:A*;H 3472 J 9, +?"'d

H 6.910 g/cm3, ([:A*;Y/> 6510 J 9,

+?"'\> 7.336 g/cm3, )F?"']H 97%.

]�, YX:A*;!Y/, +?"'Y/!"!\
ce3. [:A*;T 3472 J Y/> 3906 J 9

(Y/;H 434 J), +?"'T 6.910 g/cm3 Y/>
7.059 g/cm3, Y/;H 0.149 g/cm3; ([:A*;

T 6076 J Y/> 6510 J 9 (Y/;H 434 J), +?

"'T 7.330 g/cm3 Y/> 7.336 g/cm3,Y/;dH
0.006 g/cm3. M*!/"�: /X!�5^0 50%–

90% !Y\, (%EFC"_f*#!̀ gZa]^

(H#b[^^03/Y\ [17,18]. "Ec_9S`
!:A*;33, !�EFB\ac_>/X!�!
Y\5]. )%&�, 0# dB!�EF4BJc
_Y\!h iT2"2, +?"'YX:A*;!
Y/(Y/3^. YX:A*;!Y/, !�EFe

+f*, g.+/P<2]^. M]/P<2]^-,

!�EF.+f*S`*;\cY/, "E+?"'
!Y/"!\cj$.

X 2 NP, C_J`!h # !�, +?"'

hYX:A*;!Y/(\AY/. 0_:A*;F
b!abc, cQ#  )!+?HR"'`�, d

Q# !`$. 0iQ# 9, :A*;0B<!9
C:+Q("=>!�EF<()2"2. Q3O
'9C<, !�EF6Cje!A;fd*#Yk.

0ab+Yk!c_@D5e+kg#e, a(H2
"2^0+Shi. b9, !�EF6CFOc_K
f*fC*H>lmiT, (H!�EFb�Tgn
%M0+>. cQ# 9, :A*;+cQ"=>!

�EF<()2"2. P+Q# F[3?!�E
FiTc#, >>If&EFc_,O', (!�E

F#H'#+S"'!+?; Y-iT!PoQ# 
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Fig.2 Effects of impact energy on green density-

single impact and double impacts (the first im-

pact energy is 1302 J) and triplex impacts (the

first impact energy is 868 J; the second impact

energy is 1736 J)

(H!�EFc_Kf*iT!./lm, s2+?
"'i+Am�. dQ# 9, :A*;+dQ"

=>!�EF<()2"2. P+Q# fF[3
c#; PoQ# (HHR+?"'i+Am�; 0

@4cQ# -, !�EF#H'#+S"'!tY
d, (PdQ# !:A*;3$, (%:A;0t
Yd:!"u"'3�, s2/b+*;0tYd>
<&c&:pK@e+nk(ql, (HtYdem
op!*;eA. (op!:A*;CfJ(!�E
F!f*KqnlmiT, T(s2+?"'Y/r
's(ÆiQ# !$.

2.4 �gDEhi�jh
YX:A*;!Y/, `/:A'\cY/ (X

3), (2&'0 50–70 kN 6Cf2, ]H`/:A'
! 3.0%–5.5%. YX:A*;!Y/, HR!+?"

'\cY/, !�EF\c# H'#+S"'!t
Yd. "E:A;0tYd:!"u"'\cY/,

(H`/:A'\cY/.

?3Cb!# h , YX:A*;!Y/, `
/:A'\cY/ (X 4). [_:A*;Fb9, c

Q# 9!`/:A'`�, iQ`$. M*!/"
�: iQ# 9, :A*;4Bql3EF6C!o
v&Y\c_KEFf*,wcQ# 9, P+Q!

:A*;?!�EFiTc#, (H!�#H'#+
S"'!tYd, (PoQ# 9, :A;0tYd
:"=91>!k'e3, s2:A'3�; dQ#

 9, :A*;+dQ"=>!�<, (H:A't

3iQ# KcQ# 6C. TX 4 5FMJNM,

2&'pq0 50–70 kN 6Cf2, Æ")# !$.

� 3 UbSTVl�UbrursrZ[[ (WXZ

Z)

Fig.3 Effects of impact energy on maximal impact

force and withdraw force (Single impact)

� 4 UbSTVl�UbrursrZ[[ (rlZ

Zoj)

Fig.4 Effects of impact energy on maximal impact

force and withdraw force -single impact (1 and

2) and double impacts (3 and 4) and triplex

impacts (5 and 6)

� 5 UbSTVrlZZojvsxtwuZ[[
Fig.5 Effects of impact energy on radial springback-

single impact and double impacts (the first im-

pact energy is 1302 J) and triplex impacts (the

first impact energy is 868 J; the second impact

energy is 1736 J)
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2.5 m�n�o�
TX 5 MJNM, HR!Vv+(-/0 0.2–

0.45% 6Cf2, RR$3")# [4]. $Vv+(

-/!&-�2&'Æ3$.

3 @ C
0�"# @D5, :A*;>:ATD6CO

V(*G; :A"'>:ATD6COREV*G.

YX:A*;!Y/, +?"'K`/:A',\c
Y/. 0_:A*;Fb!abc, cQ# !+?
HR"'`�, `/:A'`/. 0�"# @D5,

2&'KVv+(-/hÆ3$.
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