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Abstract

A new theory based on the modified momentum and energy conservation has been proposed in
order to overcome the drawbacks included in previous theories which are used for the determina-
tion of dynamic yield stresses and the investigation of dynamic behavior of metals. Then the
improvements suggested by the new theory have been manifested through the analysis of the error
included in the measurement of deformed length and through the comparison between the new
theory, existing theories, and experimental results performed by previous workers. Meanwhile
rod impact test has been performed which uses a compressed-air system for the acceleration of
flat-ended cylindrical free-cutting brass rods. From the geomtrical measurements of deformed
length, the dynamic yield stress of free-cutting brass has been determined.
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Table 1 Conditions and equations used in momentum-based or energy-based theories
Theory{ Momentum-based theory Energy-based theory Modified momentum-
(Taylor’s theory) (Hawkyard’s theory) based theory
Condition (Gillis et al.’s theory)
Kinematic conditions dh/dt=v dh/dt=v dh/dt=v=constant
dx/dt=— (u+v) dx/dt=— (u+v) dx/dt=— (u+v)
ds/dt=u ds/dt=u ds/dt=u
Momentum equation of rigid| Y=~ px(du/dt) Y = — px (du/dt) Y = —p[d{xu)/dt]
body(undeformed part)
Interface conditions between
deformed part and undefor-
med part:
(a) continuity equation(mass| A,(u+v)=Av A(u+v)=Av A lu+v)=Av
conservation)
(b) momentum conservation Y(A—-A,)=p - Aju+viu {none) considered in momentum
equation of rigid body
(c) energy conservation {none) Alu+v)Y - 1nfA/Aq) = (none)
Aj(u+v)pur/2+YAu
Longitudinal compressive e=1— (A,/A) — (Ao/A) e=1-(A,/A)
engineering strain

Natation h: deformed length

t: time

x: undeformed length

s: displacement of undeformed part

v: velocity of plalstic front

u: velocity of undeformed part
Y: dynamic yield stress

p: density of material

A, original area of rod

A: deformed area of rod

e: compressive engineering strain(compression is considered as positive)
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Table 2 Relation between dynamic yield stress and geometrical features of deformed rod
Theory| Momentum-based theory Energy-based theory Modified momentum-
(Taylor’s theory) (Hawkyard’s theory) based theory
Relation between (Gillis et al.’s theory)
dynamic yield stress and com-| pu?/Y =e?/(1—e) pu?/(2Y)=—1n(l1—e)—e
pressive engineering strain | pU?/Y =e,2/(1—e,) oU%/(2Y) =1n(1—e,) —e, (none)
undeformed length and com-|1n(x/L)?=1/(1—e) —1n(1— |x/L=(1—e,)/(1—e)
pressive engineering strain  |e) —1/(1—e,) +1n(1—e,)
In{X/L)?=1-1/(1-e,) +1n|X/L=(1—e,) (none)
(1—eo)
deformed length and compres- | h= — f¥(1—e)dx h/L=(1—e,)In[(1—e)/(1—e
sive engineering strain h=—/{(1—e)dx o}
H/L=(1—e,)1n[1/(1—e,}] (none)
final total deformed length|L,=H+X L=H+X Li=H+X
and final deformed/undefor-
med length
plastic wave velocity and|y/(y/p)t=(1—e)% v/(Y/p)t=[2%(1—e)/e] [~ 1in
compressive engineering (1—e) —-e]’if
strain (none)
dynamic yield stress and geo-|{considered in above relation) | (considered in above relation) | X/L=1— (v/U) (oU?/Y)
metrical features of deformed =1—af
fod H/L=[g(1- X/L)Z]/
[1+80-X/L)]-
Notation u: velocity of undeformed part of length {[B(X/L) 1-X/Ly)/
U: initial impact voloity of rod {1+ 801-X/L)%}
x: undeformed length In[B(X/L)Y/1+8)]

X: final undeformed length

e: compressive engineering strain

e, initial compressive enginee
h: deformed length

H: final deformed length

L: initial length of rod

Ly final total deformed Iength
v: plastic wave velocity

o: density of material

a: pU*/Y

B: v/U

ring strain
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Table 3 Static mechanical properties of materials used in House’s rod impact test®®

Material Yield strength Tensile strength Elongation Hardness
(MPa) (MPa) (%) (HRB)
OFHC Copper — 350 17.6 33.5
DPTE Copper — 300 12.2 32.0
2024-T4 Aluminum 400 500 23.0 75.5
6061-T6 Aluminum 315 340 18.1 45.7
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Fig. 5 Comparison between modified theory and test results by House (a) QFHC
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Table 4 Dynamic yield stress of materials used in House’s rod impact test

Theory OFHC Copper | DPTE Copper {2024-T4 Aluminum|{6061-T6 Aluminum

Momentum-based

theory (MPa) 441.8 416.6 610.3 426.0

Energy-based

theory (MPa) 455.0 425.6 618.6 434.5

Modified

momentum-based 522.6 498.9 817.5 540.5

theory (MPa)

Modified :

momentum/energy 478.0 441.7 633.8 449.7

theory (MPa)

Strain-rate(/sec) 4.036x10° 5.708 X 10% 8.181x10° 8.587x10°
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Table 5 Chemical composition of free-cutting brass
Material No. Rod diameter Cu Fe Pb Zn
before machining(mm)
A $11 60.89 0.006 2.57 Remainder
B 13 60.26 0.190 2.72 Remainder

Table 6 Static mechanical properties of free-cutting brass

Material No. Tensile strength(MPa)

Yield strength(MPa) Elongation (%)

A 455
B 414

372 21.25
323 28.25
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Table 7 Dynamic vyield stress of free-cutting
brass
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