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Abstract: In this paper are presented research on the theory of a new kind of impact
- controlled impact which is obtained using industrial rocket engine for driving of
impact machines (hammers). Elastic and elastic-plastic deformation of impacting
bodies are considered. It is shown that in elastic deformation with a controlled
impact can be achieved e > 1. In the case of elastic-plastic deformation is derived a
formula for determining the rebound force.
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1. Introduction

In controlled impact are obtained the fallowing effects:
— the impact force is the sum of two forces: the force P;, obtained in ordinary
impact and rocket engine trust R;
- the rocket engine trust R can be changed previously (before the impact) or
during impact;
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- if the rebound force Prg is known the trust R can be adjusted in advance so

that R > Pgg. In this case will obtain impact without rebound (sticking
impact);
when rocket engine trust R it is possible to reach different impact speed Vi

in field of low velocity (Vi =5 — 9 m/s) and of high velocity (Vi=12 —20
m/s) impact. [6]

2. Controlled impact parameters

In Fig. 1. are presented theoretical diagrams of impact force chang in
controlled impact. It can be seen that if R > P; : (i) impact without rebound is
obtained; (ii) in the impact time t; the impact device works as a combination of
impact and hydraulic machines. This means that the effect of dynamic load is
reduced at the expense of increase the static load which change the work
conditions and improves the durability of the machines and tools. [3]

The parameters of controlled impact are:

impact speed at vertical movement down

Vi= [2gHG-+1) (1)

impact speed in inclined to the horizontal plane at an angle a. movement

Vig = /2 gH(mil + sina) )

impact speed at vertical movement upwards

Vie= [2gHG=—1) 3)

Pi,c= Pi,o+R 4

impact force
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-------- rebound force;
— — —— ¢ontrolled impact at R<Pi
_ — conlrolled impacl al R=Fi

narmalimpact;

Fig. 1. Theoretical diagrams of impact force P; and rebound force Prg chang
in controlled impact:

rebound force Pgrg in ordinary impact;

impact force P; in ordinary impact (curve a); impact force in controlled impact
1

P
when: —R=R; < ! ,R;< Prp (curve b),

. . : P R _P
— — - — impact force in controlled impact when R= R, <1, R > Pro (curve ¢);

— - — impact force in controlled impact when R=R, >" # (curve d)
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For determination of the rebound force at controlled impact consider the case
of die forging hammer. This machines realize deformation of high temperature
metal which is presented as elastic - plastic medium. If we denote by m;, m,
masses of anvil and ram; with vi, v» impact speeds, with u;, u> rebound speeds of
anvil and ram and take into account that v; = 0, from (3) we get

_ Uz —Ug
e= 2= 5)

and for w, is obtained
u =u, +v,e (6)

The impact energy £, = m2V22 /2 isused up on [1], [2]: deformation of
the work-piece (Ed ); elastic deformation of the dies and the machine (Ee; );

friction in die and machine guide elements (E 1 ); for overcome of the air drag (

Ea, ); for spring back of the ram (Em ); for spring back of the anvil (Ea ), i.e.

Ei=Ed+Eel+Ef+Ear+Em+EA, (7)

The impact efficiency 1; is

Then Ed = UiEi , and after substitution in (13) we have
(I-n)E = E,+E, +E, +E, +E. (8)

The value of (Ea + Em) is very large in comparison with value of

(E,+E it E ) which may be ignored and (2.20) becomes

(l_ni)Ei: Em+Ea
or
mzvz2 mz“22 mu,

1-n, = +
(A=7) ) ) 5 ©
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After substitution of (2.18) in (2.21) we have
1— 2 _ 2 2
(I=n)m,v; =myu; +m(u, +v,e) (10)

and after transformation of (10) it is received

(m, +m2)u22 +2mev,u, +v22 (mle2 +n,—m,)=0 (1)

This quadratic equation in relation the unknown ram rebound speed u; has solution

_2myev, £ \/(zmleVZ )2 - 4(’"1 +m, )V22 (m1ez +17, —m,)

Uy = (12)

4 i, +m)

or
u :vz{mlei\/mzz(l—n)+mlm2(l—77—ez)} ) (13)
a2 Z(m] + mz)
After substitution of (1) in (13) it is received that:
ZgH —+1 {mle-i-\/mz +mm2(1 n—e )}

Urg) = (14)

2(m, +m,)

It is not clear which of solutions u,,1(+) uz2 (-) is true. In Fig.2 the values
of uz; and uy, for:

H=1m; g=9.81 m/s%

R =500 kg, 1000 kg, 1500 kg, 2000 kg;

m;= 22000 kg; m, = 220 kg;

1N = 0.9 (maximum value of 1);

e=0.5;0.1;0.15; 0.2; 0.25; 0.3.

From Fig. 2 it that the differences between u,,; and w,» are greatest in the
small values of the coefficient of restitution. With increasing of e these differences
are reduced and for e = 0.3 are very small. This may be explained by an increase
in the elastic component of deformation upon cooling of the deformed medium.
[4,5]

Taking into account that the height of fall H is the traveled down ram path S
the equation (14) is written in the form:
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ZgS(R+lJ{mlei\/m22(l—n)+ mlmz(l—n—ez)}

2(’"1 +m, )

(15)

Uy =

Fig. 2. Diagram for ux(e, R) as a solution of equation (2.26):

uZ,l () —4+—R=0 =—{=—R=500 —E—R=1000 -—@E—R=1500 -—e—R=2000 .
Uy, (-) —&—R=0 —d—R=500 —I—R=1000 R=1500 R=2000
2,2\"

If we replace

b

A=ag Rot]; = mmetmlon)emm(i-n-¢)
m, 2(m1 +m2)

equation (15) is transformed to

u, =BVAS

(16)
The rebound acceleration agrg is
o _ AV _du, __BA_dS
Modt dt 2J4S dt a7



Taking into account that

d ' m,
for agg is received
BA
Arp =
2 (18)
and for £rz is received
m,BA g(R+m2){m1ei\/mzz(l—n)+mlm2(l—77—e2)} 19
Prp =myap, = = (19)

2 2(m1 +m, )

Formula (19) is used to determine the magnitude of the thrust R of the engine
to be operated in accordance with curves b, c, d of Fig. 1. The possibility of a
preliminary choice of change of the impact force P; for the time of impact t; gives
basis for setting this mode of operation as a "controlled impact". When adjusting
the engine to operate in accordance with the curve “c” of Fig. 1 (R > Pgg) it is
received impact without rebound (sticking impact), leading to big improvement of
the durability of the dies and of the machine. In this case a greater plastic
deformation of the billet for one impact, resulting in decreasing of the processing
time.

It can be seen from (19) that rebound force Prg depends on: rocket engine
trust R; masses m;, my; efficiency ni; coefficient of restitution e

PRB :;[(Ra m;i, my, ni; e) (20)
Taking into account that
m
M= s (1= €?) @)

for each machine m;, m; are constant, and for given R from (20), (21) is obtained

Prs = (e) (22)

CONCLUSION

A theoretical analysis of the behavior of banging bodies in a controlled impact
shows that this impact can be achieved effects that can not be realized in a simple
imapct:

- Impact of elastic bodies can be achieved recovery ratio is> 1;

- Impact of elastic-plastic bodies can be achieved without impact rebound. A
prerequisite for this is to know the strength of the bounce Rots to be able to choose
the thrust of a rocket motor R must be R > Rots. Displayed formula for determining
Rots, in the case of hammer for bulk stamping powered industrial rocket engine.
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Teopus ynpasisieMbIX yaapoB

Cmanucnas I'voues

Hnemumym ungopmayuonnsix u KommyHuxkayuonnvix mexronoaut, 1113 Coghus

Pezwme

B oOannoii pabome npedcmasnenvl uUccied08anHull no Meopuu HOB020 U0 8030eUcmeus -
KOHmpoaupyemoe osoeticmeue, KOmopoe NOIYYAemcsi ¢ NOMOUWbIO NPOMBIUIEHHOZ0 PAKEMHO20
osuzamerns OJisl RPUBEOEHUs. 8 OBUICEHUE YOAPHIX Mawun (Monomku). Paccmampusatomes ynpyeas u
ynpyeo-naacmuyeckas  Oepopmayus men. Ilokasano, umo npu ynpyeoi Oedopmayuu ¢
KOHMpOAUpyemMbiM 8030eiicmeuem moxcem ovims 0ocmuenymo e> 1. B ciyuae ynpyzo-niacmuieckoui
deghopmayuu Ovira eviéedena popmyna 0 onpedenenus OMCKOKA CUbL.
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