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[ Abstract] Based on analysis of the present hydraulic impactor, a new hydraulic impactor with pressure feedback control

was developed, whose structure and operation principle were introduced. The results show that the pressure of the impact

system can be adjusted steplessly to change the impact energy of the impactor steplessly . By adjusting the oil flow of sup-

ply pump steplessly , the impact frequency will also be changed steplessly . So the impact energy and frequency of the new

impactor can be adjusted independently and steplessly . In order to decrease the energy loss , a new kind of sleeve valve has

been designed, which has features of little leakage , little pressure loss and low energy cost. The new type hydraulic im-

pactor can be operated under various conditions with decreased energy consumption and improved operation efficiency .
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1 INTRODUCTION

Although there are many types of hydraulic im-
pactor structure, all the impactors have the same
character, i.e ., the return stroke of piston is caused
by high-pressure oil which enters front chamber to
drive piston return; at the same time, the accumula-
tor stores of energy, then the energy releases out to
work in the next forward stroke . The main difference
in structure lies in the methods to imple ment forward
stroke and the ways to distribute oil .

With the recent development of hydraulic tech-
nology , the hydraulic impactors of many factories in
the world were designed with the capability to adjust
the impact energy . So they can adapt to the requests
of breaking different kinds of rocks with different
block degrees and hardness. This ensures the output
impact energy to be close or equal to the optimum im-
pact energy of rock fragmentation. Consequently it
can not only reduce production cost but also extend
the application range of hydraulic impactor. Different
from the commonly hydraulic machines, the load of
hydraulic impactor is the inertia force of piston move-
ment . So if the supply flow of the hydraulic impactor
is changed, the operation pressure and impact energy
will also be changed. However, because the impact
power is in direct ratio to the cube of oil flow and is in
inverse ratio to the stroke of piston, to change the
impact energy and frequency of the hydraulic im-
pactor needs the piston stroke to be changed in the
mean time when the impact flow is changed. The
sche me of changing the piston stroke of hydraulic im-

pactor is called shift sche mel!' 27,

Making a comprehensive review of hydraulic im-
pactors in the world, all their adjusting methods of
stroke are stepped, commonly with two or three
shifts . Some of the m are not very convenient in actual
work . So generally the hydraulic impactor need not
be adjusted the impact energy when it is working,
unless it meets a great deal of hunk rock . It needs to
be put out that because of the limit of structure di-
mension , the stroke of impactor will not be designed
very long and the impact frequency of hydraulic im-
pactor will not be designed very low. Therefore the
impact energy can not be very great, and its adjusting
range can not be very widel® 4.

According to the theory of rock fragmentation,
there exists the lowest frag mentation energy of rock .
When the impact energy is lower than the lowest
frag mentation energy, the impactor cannot break
rock . In order to break rock with different block de-
grees and hardness , if the stroke of piston is invari
able , the impact energy can be changed by adjusting
the operation pressure. In order to enlarge the impact
energy, the impact pressure must be increased. In
this way the impact frequency is increased and the
impact power is enlarged very much . Because the im-
pact energy and frequency of the common hydraulic
impactor which applies stroke feedback control princi-
ple are changed concatenately and synchronously in
the adjusting process, when the impact energy is en-
larged, the impact power is also enlarged. This re-
quires improving the loading capacity. Because the
impact frequency can not be designed very low, one
unreasonable situation that the large loading capacity
is matched with the small impactor will bring such
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disadvantages as selection of its chassis with more un-
necessary ability , increase of machine production cost

and limitation of hydraulic impactor application[5 01

2 KEY TECHNIQUE OF NEW TYPE HY-
DRAULIC I MPACTOR

The impact system pressure is in direct ratio to
square of flow . When the supply flow is enlarged , the
system impact pressure is also enlarged. At the same
time the impact energy , impact frequency and power
are enlarged synchronously. The way to solve this
problem is to break the direct proportion relation be-
tween pressure and square of oil flow , so that the im-
pact pressure and supply flow can be adjusted inde-
pendently and steplessly as well as the impact energy
and frequency . In this way the impact energy can be
adjusted to a very great amount and the impact fre-
quency can be adjusted to a very low amount , without
increasing the impact power much higher. According
to different kinds of rocks, selecting suitable type of
hydraulic impactor chassis can increase the working
efficiency and reduce the cost . All these are helpful to
extend the application of hydraulic impactor. There-
fore , it is beneficial to seek a new operation principle

of hydraulic impactor”’g] .

3 PRINCIPLE AND SCHEME

With the pressure feedback control principle and
without the relation that the pressure is in direct ratio
to square of oil supply flow, the new type hydraulic
impactor can be adjusted the impact energy and oil

(a)

supply flow independently and steplessly . This means
the performance parameters of hydraulic impactor can
be controlled independently and steplessly . The struc
ture and operation principle of the new impactor has
many types; in this paper a primary type of structure
and operation principle is discussed and analyzed.

3.1 Structure

As shown in Fig.l , the hydraulic impactor is
made up of impact piston 1, cylinder body 2, nitro-
gen chamber 3, pickaxe 4, high pressure accumulator
5, return oil accumulator 6, pressure control cone
valve 7, distribution valve core 8 and valve body 9.
The impactor also adopts the back chamber control
type in which the front chamber holds constant high
oil pressure and the back chamber holds high and low
oil pressures alternately . Piston I and cylinder body 2
form four chambers, i.e., constant high oil pressure
front chamber @O with opening oil hole I , constant
low oil pressure chamber @ which can link stroke
feedback signal hole II and oil hole III, back chamber
® which can adjust oil pressure with oil hole IV and
nitrogen chamber 3. The constant high pressure oil
chamber at the front of cylinder body is connected
with constant high pressure oil chamber ®of oil dis-
tribution valve and the high pressure oil source P of
supply pump by oil hole I and oil line. The oil
source channel sets up a high pressure accumulator 5 .
The oil hole II is connected with thrusting valve
chamber @ of distribution valve by oil line . The oil
hole IIl is connected with the constant low pressure
chamber @ of distribution valve and return oil T
by oil line . Moreover return oil accumulator 6 is set
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Fig.1 Structure and operation principle of new type hydraulic impactor
(a) —Return stroke ; ( b) —Stroke
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up on the return oil line . When the stroke is proceed-
ed to the end, the extremity side B of piston gets
across oil hole II , the oil chamber @ connects with
stroke feedback signal hole II and oil hole III. The
back chamber @ of cylinder connects with the shift
pressure chamber ®@ by oil hole IV and oil line .

The distribution valve takes the techniques of
cone valve and optimum unequal opening of valve .
Because the velocity is low in return stroke , less oil is
needed, so the opening of valve is s mall . Because the
velocity is high in stroke , more oil is needed, so the
opening of valve is large . The valve consisting of core
8 and body 9 has many chambers. The thrusting
valve chamber @is connected with the pressure con-
trolled cone valve 7 by oil line, its turn on or block
with high pressure oil resource are controlled by cone
valve 7. The turn on pressure of control cone valve is
controlled by control oil pressure P,, which can be
adjusted steplessly by pressure release valve . The left
and right cones and cylinder stage shoulders alterna-
tively control the opening and blocking of the constant
high pressure chamber ® of distribution valve with
shift pressure chamber ®, and the constant low pres-
sure chamber @ of distribution valve with shift pres-
sure chamber ®&. When chamber & connects with
chamber ®, chamber @ blocks with chamber ®.
When chamber ®blocks with chamber &, chamber
(@ connects with chamber & . The available action
area of chamber @ of valve core is larger than that of
chamber ®, the thrusting valve chamber ®is comr
nected with high pressure oil source P by oil line .

3.2 Operation principle

1) Return stroke

Fig .1(a) shows that the piston has completed a
forward stroke , and the valve has already exchanged
direction. The whole system is at the beginning state
of a return stroke . At the same time, chamber @ of
distribution valve is connected with return oil T by
oil hole 1I and III, and the thrusting valve chamber
all the time is connected with high pressure oil source
P by the oil line and central hole path of valve core .
The valve core 8 locates at left position under the ac
tion of high pressure oil of chamber ®. The high
pressure oil source P is connected with the front
chamber @ of piston by the way of high pressure
chamber ®of valve body and oil hole I . And that
the back chamber 3 connects with return oil by the
way of oil hole IV and shift pressure chamber ® and
low pressure chamber @. So piston 1 begins to return
right ward under the action of front chamber high
pressure oil , at the same time it compresses nitrogen
chamber 3. The high pressure accumulator 5 stores of
oil , along with the increase of return stroke the com-
pressed space of nitrogen chamber 3 decreases. Its
pressure rises, the system pressure also rises. When
the pressure rises to the turn on pressure of pressure

control cone valve 7, cone valve 7 opens up, the high
pressure oil enters into thrusting valve chamber @.
Because the working area of chamber @is larger than
that of chamber @), the valve core rapidly changes
move ment direction to right under the action of pres-
sure difference. The shift pressure chamber ® of
valve body connects with high pressure chamber ®.
In this way, both the front and back chambers of pis-
ton connect with high pressure oil , forming differen-
tial connection. Then the accelerated return stroke of
piston is ended. Although the working area of back
chamber of piston is larger than that of front chamber
and nitrogen air pressure action, the piston will con-
tinuously move to right due to the inertia action. It
moves with a negative acceleration, till the velocity
becomes zero, completing the entire return stroke
move ment .

From above analysis we can conclude that the re-
turn stroke of piston practically consists of two stages
of return stroke acceleration and return stroke decel-
eration .

2) Forward stroke

When the return stroke of piston is over, it pre-
pares for forward stroke . The forward stroke begins
like the stage of return stroke deceleration, and the
state of entire oil line is shown in Fig.1(b) . Valve
core 8 is still located at right under the action of dif-
ference of oil pressure . The front and back chambers
of piston still connect with high pressure oil , keeping
differential connection. Piston 1 is accelerated to left
under the action of oil pressure difference and nitro-
gen expanding force , so the forward stroke begins . In
the late period of the stroke acceleration, the velocity
is very high. So the system needs more oil flow and
its pressure decreases . The high pressure accumulator
discharges a great deal of oil supplying to back cham-
ber. When the side face B gets across the feedback
signal hole II of stroke direction exchange , thrusting
valve chamber @ is connected with return oil by oil
hole II and IIl and it losses high pressure. At the
same time, pressure control cone valve 7 closes up,
the valve core rapidly changes direction of stroke and
moves left under the action of high pressure. Then
piston 1 impacts pickaxe 4, so the forward stroke is
ended. The impactor again comes back to the begin-
ning of return stroke , preparing for its next cycle of
return stroke move ment .

Through the operation principle we can conclude
that the pressure control valve can control the impact
pressure P. When other parameters of hydraulic im-
pactor are determined, we can steplessly adjust the
control pressure P,. The control pressure of cone
valve can be changed steplessly, thus making the im-
pact energy of hydraulic impactor change steplessly .
The high the pressure is high, the high the impact
energy is . By adjusting the oil flow of supply pump
steplessly , the impact frequency will also be changed
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steplessly , i.e ., the more the flow is, the higher the
impact frequency is . Its key advantage is that the ad-
justment can be carried out synchronously and sepa-
rately . In this way, the impact frequency can be ad-
justed to a very low value, while the impact energy
can be adjusted to a very high value . So it can take
full advantage of loading capacity to adapt the re-
quests of various work conditions .

Otherwise, if P, is adjusted too high and the
system impact pressure rises at return stroke but can
not turn on pressure control cone valve 7, the piston
is still at return stroke. When it continually returns
to side face A of the piston and gets across signal hole
Il , the high pressure oil will enter into thrusting
valve chamber @ by front chamber @, oil holes I
and II , thus making valve core change the move ment
direction and return right. The back chamber con-
nects with high pressure oil , the piston decelerates in
return, and then begins forward stroke move ment .
In this way it can confine the pressure of impact sys-
tem not too high, the stroke not toolong , the impact
energy not too high to damage the machine .

3.3 New type of distribution valve

The impactor adopts a new type of distribution
valve which using cone valve core . Its sealing method
adopts both cone face and cylinder pressure. When
the valve core moves to its rest location, the leakage
of valve is sealed by the combination of both cone face
and cylinder; when the valve core changes move ment
direction, it is sealed by cylinder. The rest time of
valve core is long enough so that the leakage of cone
face sealing almost equals zero, and the move ment
time of valve core is very short so that the leakage of
valve leakage is very little in the entire work course .
When the coefficient of leakage of cone valve is big,
the pressure loss of oil passing through valve is little
and the energy cost is also low . The new type of dis-
tribution valve takes a new technique of optimum un-
equal opening of valve . When the hydraulic impactor
in stroke needs more oil flow , it makes the opening of
valve large while the valve core locates at right.

When the hydraulic impactor in return stroke needs
less oil flow, it makes the opening of valve small
while the valve core locates at left . In this way it can
reduce the move ment distance of valve core and the
energy consumption of changing move ment direction
as well as the energy loss of distribution valve . As
soon as the valve on return stroke changes direction,
the area of core to thrusting valve rapidly increases,
the valve core rapidly moves to location. Also it has

hydraulic pressure oil to from cushion, so can avoid

the valve core damaged in the impact move ment! 107
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