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The present invention relates to the kind of 
percussion tools with freely flying percussion 
piston, wherein the working blow is effected by 
means of the pressure developed in an explosion 
or internal combustion engine, viz: developed by 
the gases of combustion in the said engine. The 
engine Serves simultaneously to produce and 
maintain a certain over-pressure in a gas or air 
chamber (auxiliary pressure-chamber). 
According to the invention there are arranged 

between the said chamber and the percussion 
piston cylinder a connecting channel having 
Such a position that the piston during its work 
ing Stroke closes this channel before arriving at 
the end of its stroke and confines thereby within 
the cylinder end a body of gas or air serving to 
efficiently and yieldingly stop the piston, par 
ticularly in case the tool has been withdrawn 
and is operating idly. Without Such an efficient 
gas cushion of a completely confined body of 
gaS, the pressure of which increases constantly 
during the rest of the piston stroke, the percus 
Sion piston would when operating idly, strike 
Violently in its cylinder bottom and explode the 
cylinder by the great forces developed in the 
explosion engine. 
The percussion piston is preferably made as a 

stepped piston having two portions of different 
diameter. Thereby is also obtained in a simple 
manner a gas cushion stopping the piston, when 
returning after the operating stroke partly by 
the influence of the recoil from the anvil and 
partly by the gas pressure in the said auxiliary 
chamber. 
In connection with this kind of percussion 

tools only two-cycle engines have been used 
hitherto. I use preferably four, six or eight 
Cycle engines, because I have discovered that 
thereby Special advantages are obtained which 
cannot be obtained by two-cycle engines. This 
Will be explained more fully hereinafter. 
My invention comprises further certain fea 

tures which enable an easy manual control of 
the ignition according to the impact of the per 
CuSSion piston, further a safe control of the ex 
haust valve of the engine, further an efficient 
circulation of air or cooling Water to maintain 
the engine suitably cooled during its operation, 
partly an automatic rotation of the tool or steel 
proper (drill) and partly an automatic stopping 
of this rotation in case the drill Should exert, 
opposite the rotation, a resistance exceeding a 
predetermined limit. Other features of the in 
vention will appear from the detailed description. 
My invention is illustrated in the annexed 

drawings in four embodiments in Fig. 1, Figs. 2-4, 
Figs. 5-11 and Fig. 12 respectively. 

Fig. 1 is an elevation of a two-cycle engine 
Substantially in vertical longitudinal section on 

(C. 123-7) 

the common axis of the engine and percussion 
piston cylinder. 

Fig. 2 is a longitudinal Section of a six-cycle 
engine substantially on the line II-II of Fig. 3 
One part of Fig. 2 being however a section on 
the broken line IIa-IIa of Fig. 3. 

Fig. 3 is a Side view of the tool seen perpen 
dicularly to the plane of Fig. 2, the left hand 
half being substantially a section on the line 
III-III of Fig. 2. The right hand half is, how 
ever, a section substantially on the broken line 
IIIa-IIIa of Fig. 2. 

Fig. 4 shows, drawn to a larger scale, a detail 
view of the mechanism for adjusting the ignition 
point. 

Fig. 5 is a longitudinal Section of the third 
embodiment on the line V. V of Fig. 6. 

Fig. 6 shows the eight-cycle engine of Fig. 5 
Seen from the left and partly in section on the 
line WI-VI of Fig. 5. 

FigS. 7-11 are drawn to larger scales. 
Fig. 7 is a plan view Substantially in section on 

the line WII-VII of Fig. 6. 
Fig. 8 is a plan view of the parts located under 

the line VIII-VIII of Fig. 6. 
Fig. 9 shows, drawn to a larger scale, a de 

velopment of the yielding mechanism transmit 
ting motion to the ratchet ring; for automatical 
ly stepwise rotating the drill. 

Fig. 10 shows the mechanism for manually 
adjusting the ignition in the eight-cycle engine 
shown in Figs. 6-7. This figure is substantially 
a vertical Section on the line X-X of Fig. 11. 

Fig. 11 is a plan view of the parts located 
below the line XI-XI of Fig. 10. 

Fig. 12 shows diagrammatically, partly in sec 
tion, a modified arrangement of the engine cyl 
inder relatively to the percussion piston cylinder, 
to be used preferably in stationary engines of 
larger dimensions. 

In the embodiment shown in Fig. 1, the per 
cussion piston is operated by means of a two 
cycle motor. The motor piston 1 is by the con 
necting rod 2 connected in ordinary manner 
with the crank 3 of a shaft 5 provided with fly 
wheel 4. As usual the motor has a carburettor, 
sparking plug and exhaust valve. The arrange 
ment of these parts may be the Ordinary one 
and is not described in connection with Fig. 1. 
The percussion piston is made with two steps 

6, 7 of different diameter. The upper part 6 
operates in the extension of the motor cylinder. 
The lower widened part 7 operates in a per 
cussion chamber 8 of a corresponding bore, and 
the percussion bar 9 connected to the piston 
Serves to transmit the percussion to the drill 
(not shown). 
The chamber or cylinder 8 commuicates 

through ports 10, 12 with an auxiliary or pres 
Sure chamber 11, which for instance through 
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pipe 145 and a suitable reduction valve 146 may 
be connected so with the compression chamber 
of the engine that the pressure in chamber 11 
in spite of leakage, is maintained at a prede 
termined value. The chamber 11 may be con 
nected with a pump or another Soulce of pres 
sure for the same purpose. 
The port 10 is located at a suitable distance 

from the upper part of chamber 8, so that the 
large piston step 7 during its upward stroke 
establishes a connection between chambers 11 
and 8, whereas during the downward stroke a 
connection is established between chambers 1 
and 17. 

Port 12 which is located at Some distance 
above the bottom of cylinder 8 may be controlled 
by a cock 13 arranged in housing 14. 15 denotes 
the explosion chamber having a treaded lateral 
bore 147, into which the Sparking plug (not 
shown) is to be ScreWed, for instance a plug 
like 64 in Figure 3. 
The operation is as follows:- 
Piston 1 is assumed to be in its top position 

("top position' meaning that most distant from 
shaft 5 and "botton position' that next to said 
shaft), wherein chamber 17 is nearly reduced 
to nil, because gases therein during the upward 
travel of piston 7 have been expelled through. 
the upwardly opening non-return valve 16. 
When the piston 1 moves towards percussion 
piston 6, 7 during the compression stroke, pis 
ton 6 is firstly maintained for a very short 
time in raised position, because chamber 11 
communicates through port 10 with cylinder 8 

... below piston, and because upon a downward 
motion of pistOn 7 a. Suction tends to arise in 
chamber 17. By the explosion in chamber 15, 
the counter-forces of the percussion piston 6, 7 
are rapidly overcome, and said piston is flung 
downwards. During this motion port 10 is 
passed by the piston step 7, whereby now gas 
under pressure flows from chamber 11 through 
port 10 into chamber 17, whereby the suction 
effect therein ceases. The gas under pressure 
below the piston is now firstly forced through 
port 12 back into chamber 11 ordinarily until 
the drill is hit by the percussion bar 9. How 
ever, should the drill not exert any counter 
preSSure, a gas cushion is formed, when the pis 
tOn Step 7 has passed by the port 12. This 
cushion prevents any harmful shock of the per 
cussion piston against the bottom of cylinder 
8. After the stroke this gas cushion will assist 
in carrying the piston 6, 7 back to its upper 
position. Also the gas under pressure passing 
in through port 12 acts upon a larger area than 
the gas within chamber 17. When during the 
upward Stroke the piston step 7 has passed by 
port 10, the gas will be confined around the 
Small piston Step 6 and is now compressed so 
as to form a cushion. Towards the end of the 
stroke, however, the non-return valve 16 opens, 
whereby the gas contents in chamber 17 is emp 
tied into chamber 11. 
The action of chamber 8 is adjusted by cock 

13, because the counter-pressure in chamber 8 
depends upon the area of the cock 13 through 
which the gas expells into chamber 11. 

If it is desired to let the machine operate idly, 
the cock 13 is preferably closed completely for 
instance by a handle 148. Thereby the percus 
sion piston 6, 7 will not at all enter in contact 
With the drill. 
The chamber 11 receives preferably gas under 

1920,765 
pressure from the compression space 15 of the 
motor through a reduction valve 146. But as 
the gas consumption is quite small, the pressure 
may also be easily maintained by another source. 
If chamber 11 is fed by the compressed motor 
gases, the percussion piston may, for instance 
by means of the drill, be raised from the bottom 
of cylinder 8 before starting, because said 
piston can be flung back upwardly only, when 
it has once moved a certain distance towards 
the bottom. 

It is formerly known to effect the return mo 
tion of the percussion piston by gas under pres 
Sure which is present in an auxiliary chamber 
Similar to chamber 11. However, in the con 
struction shown in Fig. 1, the port 12 communi 
Cating with said chamber is closed completely 
before the end of the working stroke of the pis 
ton, whereby the piston, as already explained, 
operates against an efficient gas cushion which 
stops the piston rapidly, if it operates idly. This 
is important particularly in automatic tools, 
Wherein the driving force is an explosion motor. 
If no efficient gas cushion were present in the 
lower end of the cylinder 8 of the piston 6, 7, 
the piston when operating idly would strike vio 
lently in the cylinder bottom and break the 
cylinder. 
Another important feature consists in the pis 

ton 6, 7 being made in two steps and the annular 
space 17, formed in cylinder 8 around the Small 
piston step 6, communicating through port 10 
with the auxiliary pressure chamber 11. There 
by the percussion piston obtains in a simple 
manner a gas cushion also at the opposite side 
of the large step 7, and I obtain an efficient 
checking of the piston on either side, even if the 
machines operates idly. 
As mentioned above it is formerly known to 

drive percussion hammers etc. by means of two 
cycle explosion motors. 

I have discovered, however, that a much bet 
ter efficiency is obtained by using a four, six, 
eight etc. cycle engine. The use of engines of 
this kind for the operation of automatic per 
cussion tools constitute a further important fea 
ture of my invention. 
By way of example Figs. 2, 3 and 4 illustrate 

a six-cycle motor as a driving device for a rivet 
ing hammer. 

In these figures the numerals 1, 2, 3, 4, 5, 6, 7, 8 
and 17 have the same meaning as in Fig. 1. In 
stead of two ports 10, 12, the Wall of cylinder 8 
is provided with a larger single port 18 of a 
suitable axial length. This port ends at a Suit 
able distance from the bottom of cylinder 8. 
preferably approximately in level with the top 
surface of anvil 19 forming the top portion of 
the riveting hammer 20. The upper part of port 
18 ends at a suitable distance from the top of 
cylinder 8. Thereby the percussion piston 6, 7 
is protected by gas cushions on both sides just as 
described hereinbefore. 
The port 18 communicates with the pressure 

chamber 21 which is arranged at the upper part 
of the machine as shown to the right in Fig. 2. 
The connection is a bent pipe 22 passing from 
18 to 21 and enclosed in the machine cap. The 
pressure chamber 21 receives air from the crank 
chamber 70 through a non-return valve 23. 24 
denotes the suction valve of this chamber. 
The common cylinder 30 of motor piston 1 

and percussion piston 6 has exterior air cooling 
ribs 25. The fly wheel 4 keyed to the crank 
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shaft 5 is made as a fan with vanes 26 drawing 
in air from the atmosphere through holes 27 
in the upper part of cap 28 and blowing out 
this air through lower holes 29 past the ribs 25 
on cylinder 30 inside cap 28, 
The inlet Valve 31 of the motor and its cam 

controlled exhaust valve 32 open to a common 
valve chest 33 communicating through the inlet 
port 34 with the top of the explosion chamber 
15 of cylinder 30, In addition to valve 31 an 
air Suction Valve 35 is arranged. Which tends to 
close the valve chest 36 of valve 31 and on whose 
Seat a fine benzine channel 37 ends. 
Said channel is controlled by a needle valve 

38, the housing 39 of which communicates 
through a pipe 40 (see Fig. 2) with the bottom 
part of a benzine tank 41 confined within cap 
28. Weak springs 42, 43 press the valves 31 and 
35 respectively against their seats with a suit 
able pressure, and a spring 44 maintains the 
exhaust valve 32 on its seat. Its valve stem 45 
is controlled by a cam 46 by a lever 48 pivoted 
at 4. 
Cam 46 is keyed to a shaft 49 enclosed in a 

housing 50 and connected by a train of gears 
51, 52, 53 with the motor shaft 5, the ratio of 
gearing between shafts 5 and 49 being as 3:1, 
i. e. shaft 4.9 makes one revolution each time 
shaft 5 makes three revolutions. The raised 
portion of cam 46 comprises such an angle as 
to maintain valve 32 in open position approxi 
mately during three of the six strokes of piston 
1. This is explained more fully later on. 
Outside the housing 50 shaft 49 is provided 

with a cam 54 (see also Fig. 4) having a projec 
tion 53 operating a roller 56 attached to a 
spring 57 carrying an electric contact 58 and 
fixed to an arm 59 turnable about the axis of 
shaft 49. Said arm has a stationary counter 
contact 60 insulated from arm 59 and connected 
by electric lead 61 with one terminal of a bat 
tery (not shown) having its other terminal Con 
nected with arm 59 or contact 58 through the 
metal of the machine. In the circuit also a 
primary coil is connected as usual. This coil 
and its appertaining secondary coil are indi 
cated diagrammatically at 62 (upper part of 
Fig. 3). One terminal of the Secondary coil is 
connected by lead 63 with the sparking plug 64 
in Ordinary manner, So that the plug produces an 
igniting spark each time the current is broken 
which was closed between contacts 58 and 60, 
consequently each time projection 55 passes by 
roller 56. 
As mentioned, the arm 59 is pivoted, and a 

spring 65 tends to pull it downwards, whereas it 
may be swung upwards by means of a handle 

Its exterior end may be 
manipulated manually by the operator. The 
inner end of said handle is connected by a wire 
67 with arm 59. 
Thus by pressing upon lever 66 the operator 

may adjust the angular position of arm 59 or 
roller 56 relative to projection 53 whereby the 
time of firing of plug 64 varied with respect to 
the movement of piston 1. Lever 66 is pivoted 
on a pin 68 in the upper handle portion 69 of 
the machine. 
As shown in Fig. 2 the lower extension 8 of 

the cylinder 30 projects slidingly into a sur 
rounding sleeve 71 attached to the lower end of 
the exterior machine cap 28. Its lower part is 
closed by a bottom piece 72, through which the 
anvil 19 projects upwards. Between the inner 
top face of bottom piece 72 and the lower end 

3 
of cylinder 8 there is a small gap 73 permitting 
the necessary heat extension of cylinders 30 
and 8. As said above, the cylinder 30 has a top 
port 34. When valve 32 is open, the gases are 
blown by way of port 34, housing 33 valve 32 
sand exhaust channel 74 out into the atmosphere. 
But cylinder 30 has also a bottom port 75 put 
ting it in communication with the atmosphere 
through a lateral channel 76 (see Fig. 3) each 
time the motor piston 1 is adjacent its bottom 
position (Fig. 2.). 
The machine shown in Figs. 2-4 operates as 

follows: 
Normally a pressure of about 0.6 atm. is to 

prevail in the air chamber 21. In Fig. 2 the 
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90 
piston 1 has just completed its first stroke (suc 
tion stroke), whereby valves 35 and 31 have been 
raised, and air by way of 35, 36, 31, 33, 34 has 
been Sucked into the space 15 of cylinder 30. 
Simultaneously a benzine quantity regulated by 
needle 38 has been sucked from tank 41 through 
pipe 40, Valve chest 39, past needle 38 and 
through the Small bore 37 to the seat of air 
Valve 35 and into the cylinder space 15 to 
gether with the air. In addition, in the piston 
position shown an extra quantity of fresh air 
is passed through 76 and 75 into the bottom 
of Space 15. The exhaust valve 32 has been 

95 

00 

closed by cam 46 just before the suction stroke 
commenced, and the percussion piston 6,7 re 
mains from before at rest in raised position on 
account of the pressure on the underside. From 
the preceding explosion the shaft 5 with fly 
Wheel 4 and fan 26 have a sufficient kinetic 
energy left to effect the succeeding compression. 
Fig. 2 shows the arm 59 in position for a top 
ignition, whereas arm 59 in Fig. 4 is in posi. 
tion for about 90° advanced ignition. 

It is presumed that arm 59 is adjusted as 
shown in Fig. 4, the operator having pressed 
down lever 66 to a corresponding degree. 
The piston 1 now commences its second 

stroke (compression stroke), driven by the en 
ergy left in the fly, wheel and the other rotating 
members from the foregoing explosion. Conse 
quently the piston 1 moves downwards (see Fig. 
2). As soon as port 75 has been closed the 
compression commences. When , the crank 3 
has turned through 90° from the position shown 
in Fig. 2, the cam projection 53-which in the 
meantime has reached the roller 56 and lifted it, 
Consequently closed the primary current of the 
induction coil 62-releases the roller, whereby 
the primary current is interrupted. Therefore, 
the Secondary circuit comprising the spark plug 
64 produces the Spark igniting the explosive 
charge contained in chamber 15 and still only 
halfway compressed. During the development 
of the combustion and explosion, the piston 1 is 
forced further down to its top position. Dur 
ing the compression stroke cam 46 turns through 
60 Without opening exhaust valve 32, and crank 
3 is now positioned diametrically opposite the 
position shown in Fig. 2. Then the third (ex 
plosion) stroke commences, during which the 
Crank turns through further 180° and cam 46 
through 60 and piston 1 is now again in bottom 
position. Immediately before this position, the 
port 75 has opened and cam 46 has opened the 
exhaust valve 32. The combustion gases there 
fore Will escape from both ends of chamber 15 
which is thereby emptied rapidly, and the pres 
Sure decreases nearly momentarily down to at 
mospheric pressure. This fact enables a rapid 
rotation of the motor. The opened valve 32 re 
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mains opened by cam 46 during the three suc 
ceeding strokes, so that the motor cannot draw 
in air and benzine through valve 3i. 
ing these three strokes (fourth, fifth and sixth) 
the piston 1 will scavenge the chamber 15 by 
fresh air, thereby cooling the cylinder 30. At 
the end of the sixth stroke, cam 46 again closes 
exhaust valve 32, and the next working cycle 
may now commence with the Suction stroke. 
The operating piston 1 during the compres 

Sion stroke, particularly from the moment of 
advanced ignition, exerts driving power upon 
the percussion piston 6, 7 located in top posi 
tion. But as said piston is made with a large 
maSS, it requires a certain time to be put in 
motion. Presuming the motor makes 3000 rev 
olutions (6000 strokes) a minute, the whole 
compression stroke requires 1/100 second and 
its second half from advanced ignition requires 
about 1/200 second. The percussion piston is so 
dimensioned in Weight that it strikes the anvil 
19 approximately at the same moment as the 
piston 1 is in top position, consequently at the 
end of the compression stroke. From this foll 
lows that the percussion piston during about 
1/200 second or less has moved downwards with 
Constantly increasing velocity and strikes with 
its highest velocity the anvil 19, where it gives 
off the most part of its living force. Simultane 
Ously the air cushion below the large step 7 is 
Compressed. Therefore, at the next moment the 
percuSSion piston is flung upwards driven partly 
by the air cushion below it and partly by the 
recoil from the anvil. As this reversing of the 
piston requires a certain time, it reaches its top 
position (as shown in Fig. 2) Only When the 
driving piston 1 has nearly completed its ex 
pansion Stroke. During this movement the per 
CuSSion piston has therefore assisted in impart 
ing energy to the driving piston, whereby the ro 
tating members have the necessary living force 
required for the rest of the cycle and for the 
next compression Stroke. 
Thus it will be seen that both pistons move 

in Substantially the same direction during com 
pression and expansion strokes of the driving 
piston. Then the percussion piston 6, 7 remains 
at rest during the four next strokes of the driv 
ing piston. This action of the motor is spe 
cially advantageous, and the percussion piston 
Will deliver short, distinct and ardent blows on 
the anvil at Suitable intervals. By means of the 
arm 66 the operator may easily regulate this 
Condition by feeling, and experience has shown 
that such a safe regulation is impossible in two 
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Cycle motors. Already four-cycle motors enable 
a Safe regulation but six or eight-cycle is pref 
erable. 

Simultaneously a very efficient air cooling of 
the motor is obtained, and in small hammers 
water cooling may therefore be avoided, or the 
motor may operate more rapidly or with a 
higher pressure, from which follows Smaller 
dimensions at the same percussion force of the 
tool. An advanced ignition of between 90 and 
50 will be suitable. 
In the lower portion of the benzine tank 41 

a nearly horizontal partition wall may be ar 
ranged as indicated at 77 (Fig. 2), thus at a 
short distance above the outlet to the benzine 
pipe 40. Thereby lowermost in the benzine tank 
41 a Small chamber is formed wherein the ben 
zine will accumulate, when the tank has a 
Small benzine quantity and wherein the ben 

But dur 

1,920,765 
zine is prevented from flowing back into the 
main portion of the tank, if the tool is used in 
horizontal position. 

In the tool construction shown in Figs. 5-11 
the percussion piston 6, 7 is driven by an eight 
cycle motor, wherein the explosion chamber 15 
is provided with water jacket 78 (Fig. 5). This 
motor is in Several respects constructed similar 
to the six-cycle motor described above, and the 
parts are denoted by corresponding numerals, 
and a Special description of these parts is there 
fore unnecessary. 
The fly wheel 4 as seen in Fig. 5, is provided 

with an exterior heavy ring 79, and between 
this and the central part a ring 80 of a suitable 
resilient material, for instance rubber, is inter 
posed. Thereby the largest fly wheel mass is 
prevented from being deleteriously influenced 
by the shocks coming from the boring bit 81, the 
upper end of which projects as usually with 
the lower extension 82 of the anvil. 19. 
The can Shaft 49 of the exhaust valve 32 

(Figs. 6 and 7) carries a cam 46 turnable there 
On and made integral with a large gear wheel 
83 driven from a pinion 84 keyed to the crank 
Shaft 5. The ratio of gearing between the two 
gears 84 and 83 is as 1: 4. Consequently, the 
cam 46 makes one revolution at each four revo 
lutions of the motor shaft 5. 
The cam 46 is so shaped as to maintain the 

exhaust valve closed during suction, compres 
Sion and expansion strokes of the motor piston 
1 but Open during the Succeeding five. ide 
strokes. The projecting portion of cam 46 
therefore embraces about 5% of 360° as indicated 
in Fig. 6. 
The cam 46 has at one end face a projecting 

Cam ring 85 (Figs. 7, 10) cut away on a short 
portion 86. This ring is intended to control 
the ignition contact 87, (Fig. 11) carried by an 
arm 88 attached on the upper end of a turn 
able vertical pin 90 the lower end of which car 
ries a lateral pin 91. The latter projects later 
ally past the can ring 85 and is connected 
With One end of a tension Spring 93 fastened at 
its other end to the metal of the motor cover 
92 as shown in Fig. 10. The pin 90 may be 
moved up and down in its sleeve by a fork 94 
attached to its top and receiving a projection 
95 of a lever 96 fastened on a short shaft 97 
journalled in the motor covers. Such shaft 
projects through its aperture (Fig. 1) and 
carries outside it an operating arm 98. 
The contact 87 is located directly opposite a 

stationary counter contact 99 (Fig. 11) at 
tached to a sleeve 100 which is surrounded by 
an insulating sleeve and electrically connected 
to an insulated conductor 101, whereas contact 
87 is connected to the metal of the engine. As 
will be seen the spring 93 tends to move con 
tact 87 against contact 99, but this is prevented 
by can ring 85 pressing upon pin 91 during the 
most part of the revolution of the ring. How 
ever, when the cut 86 of said ring passes by pin 
91, Spring 93 closes contact between 87 and 99, 
and shortly thereafter the ring 85 again inter 
rupts this contact, whereby the sparking plug 
produces as usually the Spark igniting the ex 
plosive charge in chamber 15. 
The ignition point is regulated by arm 98. 

By its Swinging the height of pin 91 relatively 
to cut 86 of cam ring 85 may be varied. If 
arm 98 is swung upwards, also pin 91 is raised, 
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whereby the motor is ignited at a more advanced 
point of time. 
Also in eight-cycle motors the mass of the per 

cussion piston 6, 7 is so dimensioned as compared 
With the Velocity of driving piston and size 
of explosive charge that a 90°-50' advanced 
ignition causes the percussion piston to operate 
in similar manner as explained above for the 
six-cycle motor. 
As mentioned before the boring bit 81 projects 

into sleeve 82 forming the lower extension of 
anvil 9. The upper end 102 of the bit is hex 
agonal (Fig. 5), whereby a rotation of sleeve 82 
is transmitted to the bit. Such a rotation is 
to take place after each time the percussion 
piston 6, 7 has delivered a blow upon the anvil 
and has returned upwards. For this purpose 
the sleeve 82 is provided in its upper end with 
pawl teeth 103 (Fig. 5 and 8) and surrounded by 
a pawl ring 104, wherein three pawls 105 are 
pivoted. These pawls turn in a vertical bore 
106 and are pressed by a blade spring (not 
shown) against the pawl teeth. Each pawl 105 
has a pin 109 projecting up into a guide slot 
107 made in a stationary ring 108. This is jour 
nalled above the pawl ring 104 (Fig. 5), and a 
portion thereof is seen in Fig. 8. The slot 107 
has next to centre of the ring an inclined por 
tion 110 acting on pin 109, when pawl ring 104 
is oscillated. In Fig. 8 the pawls 105 mesh 
with the teeth 103, but when ring 104 with pawls 
is turned counter-clockwise through a Small 
angle, pin 109 of each pawl during the last part 
of the rotation slides along the inclined plane 110 
and passes beyond it. Thereby the pawl is 
moved out of mesh with the pawl teeth 103, be 
cause the guiding slot 107 has a face 144, upon 
which the pin 109 ascends and which is located 
so distant from the centre that it maintains the 
pawl out of mesh with the pawl teeth during 
the period, wherein the percussion piston per 
forms its Working stroke and then returns into 
initial position. By means of a reversible pin 
142 Operable from outside the operator may 
put the pawls 105 out of action, permanently. 
When pin 142 is turned a half revolution from 
the position shown in Fig. 8, a small projection 
143 thereof will rotate the ring 108 through a 
Small angle clockwise, whereby the guiding faces 
144 maintain the pawls out of mesh during the 
whole angular range which the ring 104 is ro 
tated from the lever 115. 
The Oscillating motion of pawl ring 104 is 

derived from a cam 111 (Fig. 7) mounted on 
gear Wheel 83 and surrounded by a ring 112. 
This ring is attached to the end of an arm 113 
fastened to a vertical shaft 114 (Figs. 6, 7, 8) 
journalled in the machine frame and extending 
from its upper part down to the boring sleeve. 
where it carries a side arm 115 (Figs. 8, 9) 
which through pin 116 and two links 117, 118 
and pivot 119 is connected with pawl ring 104. 
As gear wheel, 83 makes one complete revolu 
tion during eight strokes of working piston 1, 
the cam 111 will swing arm 113 and through 
the parts 114, 115, 116, 117, 118 also rotate pawl 
ring 104. Once to and fro during the same period, 
whereby the boring bit 81 is rotated through a 
predetermined angle once in each working cycle 
of the motor. The cams 111 and 46 are so 
angularly displaced in relation to one another 
that pawl ring 104 rotates pawl wheel 103 and 
boring bit 81 during the idle strokes of the 
motor but maintains the pawls 105 out of en 
gagement with wheel 103 by means of controlling 
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faces 110, 114 and pawl pins 109 during the 
compression and expansion strokes of the motor. 

Figs. 8 and 9 show a mechanism preventing 
breakage in the transmission members, between 
arm 115 and pawl ring 104 in case the boring 
bit should bite and therefore cannot be rotated. 
This mechanism consists in a friction resistance 
interposed between the links 17 and 118, and 
it is shown in a developed state and in a larger 
Scale in Fig. 9. The connection between the 
links 117 and 118 consists of a pivot sleeve 112 
With an interior compression spring 121. One 
end thereof has an inner abutment With the 
sleeve 120 and its other end presses against the 
head 112 of a pin 123 projecting through sleeve 
120 and provided outside it with a ring 124. 
The link 118 is forked, and one fork branch has 
exteriorly three or four inclined teeth 125 in 
engagement with correspondingly shaped teeth 
upon an arm 126 Surrounding One end of sleeve 
120 between teeth 125 and ring 124. The other 
end of arm 126 surrounds the pin 116. The pins 
116, 119 and sleeve 120 are not located in one 
and the same line, but the axis of sleeve 120 is 
located somewhat outside the plane through the 
axis of pins 116 and 19. (See Fig. 8.) 

If pawl ring 104 exerts two high a resistance 
to clockwise rotation, pin 119 lies stationary, 
but if now pin 116 is moved towards pin 119, 
the frictional resistance on the teeth 125 is over 
come and the sleeve 120 Swings out from the 
centre of the pawl wheel, the spring 121 being 
compressed. The members 117, 118 thus form 
an elbow bending out at a certain resistance of 
the pawl ring 104 or the boring bit. 
The arm 115 also serves to drive the pump for 

circulating cooling water of the motor. In Fig. 
8, 127 denotes the pump piston stem and 128 
the pump housing. The stem 127 surrounds a 
sleeve 129 (Fig. 9) on the lower end of pin 116, 
So that the pump receives two strokes each time 
arm 115 is swung to and fro. The pump serves 
to pass cooling Water from the exterior space 
131 (Figure 6 below) of the hose 130 through one 
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channel in a pipe 132 and through a port 133 120 
into water jacket 78, further out therefrom 
through another port 134 (Fig. 5) and through 
another channel in pipe i32 back to hose 130 
and out again through its central channel 135. 
A part of the pump water is also passed into an 
annular channel 136 in a sleeve 137 (Fig. 5) 
Surrounding the boring bit sleeve 82. From an 
nular channel 136 the water passes up into 
channels 138, 139 in sleeve 82 into its central 
Space 140 and further into the bore hole through 
the central channel 141 of the bit 81. 

Obviously instead of benzine as a driving me 
dium for the explosion motor, any other suitable 
driving medium may be used such as gas, sub 
divided petroleum etc. 

Furthermore, the invention may be utilized in 
transportable tools as described and in station 
alry hammers of larger or less dimensions simi 
lar to the well-known steam or air hammers. 

Hereinbefore the motor cylinder is described 
as being located in alinement with the percus 
sion piston cylinder. Of course, this is not 
necessary. Especially in large stationary ma-. 
chines it may be advantageous to arrange the 
motor cylinder at the side of the percussion 
piston cylinder, both cylinder axes being parallel 
as indicated diagrammatically in Fig. 12. 
What is claimed 
1. In a percussion tool, the combination of 

means forming a percussion chamber, and in 
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cluding walls defining opposite ends of the 
chamber, a freely movable reciprocable perclus 
sion piston having a relatively large area por 
tion slidable in the percussion chamber, rela 

5 tively small area portion protruding therefron 
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through one of the end Walls, Said Small area, 
portion adapted to be exposed to exterior explo 
sive means to move the piston. On its actuating 
stroke, and a percussion bar of relatively small 
cross Sectional area compared to said large area. 
portion and projecting centrally therefrom 
through the other end Wall, means providing an 
auxiliary pressure containing chambel' having 
longitudinally spaced apart portS placing the 
same in communication with the portions of the 
percussion chamber on opposite sides of Said 
large area, portion of the piston, Said piston con 
trolling said ports and acting when closing eithel 
port to close the portion of the percussion cham 
ber between said large area portion and the 
adjacent end Wall to form a cushioning chan 
ber in advance of Said large area portion of 
the piston in each of its reciprocatory directions 
of movement. 

2. In a device of the class described, the com 
bination of a cylinder having a motor piston 
working therein at One end of the cylinder, a 
freely floating differential percussion piston hav 
ing a Small end working in the other end of the 
cylinder, the space between the pistons provid 
ing an explosion Space, a percussion chamber 
in which the large end of the piston reciprocates, 
a source of fluid pressure supplied from said ex 
plosion Space, means controlled by the large end 
of the percussion piston for alternately opening 
Said Source to opposite sides of the same and 
said large end in its movement towards one end 
of the percussion chamber intercepting conn 
munication between the pressure source and 
Said percussion chamber and forming at Said 
end a closed Cushioning Space for cushioning the 
movement of the percussion piston in its move 
ment towards said end. 

3. In a percussion tool, the combination of an 
explosion chamber enlarged at One end to form 
a percussion chamber, a freely floating differen 
tial percuSSion piston having its Smaller end 
Slidable in the explosion chamber and its larger 
end Slidable in the percussion chamber and pro 
vided with a percussion bar constituting an ex 
tension from the larger end of the piston, a 
preSSure chamber, a pair of ports placing the 
perCuSSion and preSSure chambers in communica 
tion, Said portS being spaced apart along the 
length of the percussion chamber, each in Spaced 
relation to the adjacent end of the percussion 
chamber, Said larger end alternately closing and 
opening one of the ports in its movement towards 
and from one end of its stroke and said larger 
end when in position closing said port providing 
a closed cushioning space between itself and the 
adjacent end of the percussion chamber. 

4. In a percussion tool, the combination of 
means forming a percussion chamber, a freely 
movable differential percussion piston having its 
larger end mounted for reciprocatory movement 
in Said chamber, one end of the percussion 
chamber and a part of said piston forming there 
between an annular cushioning space for cush 
ioning the movement of the piston as it 
moves towards Said end of the percussion cham 
ber, explosive means acting on the Smaller end 
of the piston for actuating the same, a pressure 
chamber and a valve controlled passageway be 
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tween the preSSure chamber and said cushionirag 
space for permitting air in Said cushioning Space 
to be forced by the piston back into Said pressure 
chamber, means controlled by the position of the 
piston for opening and closing fluid communica 
tion between the pressure chamber and the 
cushioning Space. 

5. In a percussion tool, the combination of 
means forming a percussion chamber, a freely 
flying percussion piston mounted for reciproca 
tory movement in Said chamber, an internal 
combustion engine having its explosion chamber 
open to Said piston to actuate the Same, a pres 
Sure chamber, a port providing fluid communica 
tion between the percussion and preSSure cham 
bers, said port located adjacent to and Spaced 
slightly from that end of the percussion chamber 
which faces the piston at the return or rebound 
from itS Working Stroke, and Said piston acting 
to control said port to govern the admission of 
pressure from the pressure chamber into the per 
cussion chamber and Said piston when disposed 
in position closing the port coacting. With Said 
end of the percussion chamber to form a closed 
cushioning space to resiliently cushion the 
piston as it moves towards Said end and a valve 
controlled outlet leading from said end of the 
percuSSion chamber. 

6. In a percuSSion tool, the combination of 
means forming a percussion chamber, a freely 
flying percussion piston mounted for reciproca 
tory movement in Said chamber, an internal 
combustion engine having its explosion chamber 
open to Said piston to actuate the Same, a pres 
Sure chamber, a port providing fluid communica 
tion between the percussion and preSure cham 
bers, Said port located adjacent to and Spaced 
slightly from that end of the percussion chamber 
which faces the piston at the return or rebound 
from its working stroke, and said piston acting 
to control said port to govern the admission of 
pressure from the pressure chamber into the 
percussion chamber and Said piston when dis 
posed in position closing the port coacting With 
Said end of the percussion chamber to form a 
closed cushioning Space to resiliently cushion 
the piston as it moves towards Said end. 

7. In a percussion tool, the combination of 
means forming a percussion chamber, a freely 
movable differential percussion piston having 
its larger end mounted for reciprocatory move 
ment in said chamber, means for cushioning the 
final movements of the piston in both directions, 
an internal combustion engine Operatively con 
nected to the Smaller end of the piston for 
actuating the same on its Working stroke and for 
Supplying Said cushioning means With operative 
preSSLEre, a conduit between the engine and 
cushioning means, and a reduction Valve in Said 
conduit. 

8. In a percuSSion tool, the combination of 
means forming a percussion chamber, a freely 
movable percussion piston mounted thereon for 
reciprocatory movement, an explosive engine 
operatively connected to reciprocate the piston, 
means including a Source of fluid preSSure Sup 
plied from said engine and controlled by the 
position of the piston as it approaches opposite 
ends of its stroke for cushioning the piston as it 
approaches the ends of its stroke and valvular 
means for controlling the Cushioning preSSure 
acting On the pistOn. 

9. In a percussion tool, the combination of a 
freely movable percussion piston, capable of re 
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bounding freely after the completion of its 
actuating stroke, an internal combustion engine 
operatively connected to move the piston on its 
actuating stroke, pneumatic means operatively 
controlled by the piston for cushioning the re 
bound of the piston and valvular means for Con 
trolling the pressure of said pneumatic means. 

10. In a percussion tool, the combination of 
means forming a percussion chamber, and in 
cluding walls closing opposite ends of the cham 
ber, a freely movable reciprocable percussion 
piston having a relatively large area portion slid 
able in the percussion chamber, relatively small 
area portion protruding therefrom through one 
of the end walls, Said Small area portion adapted 
to be exposed to exterior explosive means to 
move the piston on its actuating stroke, and a 
percussion bar protruding integrally from Said 
large area portion through the other end wall, 
means providing a pressure chamber having 
longitudinally Spaced apart ports placing the 
pressure chamber in communication with the 
portions of the percussion chamber on opposite 
sides of said large area portions of the piston, 
said piston controlling Said ports and acting 
when closing either port to close the portion of 
the percussion chamber between itself and the 
adjacent end wall to form a cushioning chamber 
in advance of the piston in each of its recipro 
catory directions of movement. 

11. In a device of the class described, the com bination of a cylinder, a freely moving percus 
Sion piston mounted for reciprocatory movement 
in one end of the cylinder, means within the 
cylinder forming an explosion in rear of the pis 
ton, for moving the piston on its actuating stroke 
and pneumatic cushioning means Supplied with 
pressure from said explosion chamber for cush 
ioning the movement of the piston as it ap 
proaches both ends of its travel, and means con 
trolled to operate in a timed sequence with the 
movement of the piston for admitting and re 
leasing pressure on opposite sides of the same. 

12. In a device of the class described, an in 
tegral cylindrical member provided with a bore 
including a portion of relatively Small diameter 
and a portion of relatively large diameter, a wall 
connecting said large and Small diametered por 
tions, said Small diameter portion providing an 
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explosion chamber, and a differential percussion 
piston having its Smaller end sliding in said 
Small diameter portion and its larger end sliding 
in Said large diameter portion, the space between 
the larger end of the piston and said connecting 
Wall forming an annular piston cushioning Space. 

13. In a percussion tool, the combination of 
means forming a percussion chamber and in 
cluding walls closing opposite ends of the cham 
ber, a freely movable reciprocable percussion 
piston having a relatively large area portion 
slidable in the percussion chamber, a relatively 
Snail area portion protruding therefron through 
One of the end walls, said Small area, portion 
adapted to be exposed to exterior explosion 
means to move the piston on its actuating stroke, 
a percussion bar connected with said large area, 
portion and protruding through the other end 
Wall, means providirig a pressure chamber hav 
ing a port placing the pressure chamber in com 
bination. With the portions of the percussion 
chamber on opposite sides of Said large area, por 
tion of the piston, Said piston controlling Said 
port and acting when closing either end of the 
port to close the portion of the percussion cham- 100 
ber between itself and the adjacent end wall to 
form a cushioning chamber in advance of the 
piston in each of its reciprocatory directions of 
movement. 

14. In a percussion tool, the combination with 105 
an internal combustion engine operable on cycles 
comprising more than three strokes, and includ 
ing a cylinder having an engine piston mounted 
for reciprocatory movement in one end and a 
freely moving percussion piston mounted for 110 
reciprocatory movement in the other end of the 
cylinder and Said pistons coacting to form the 
explosion chamber of the engine therebetween, 
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means forming an auxiliary pressure chamber, 
a conduit including a valve between the explo- 115 
sion chamber and the auxiliary pressure cham 
ber, the end portions of the cylinder and the per 
cussion piston coacting to form cushioning 
chambers for the percussion piston and supplied 
by pressure from said auxiliary pressure cham- 120 
ber and operatively disposed to cushion the 
movement of the percussion piston as it ap 
proaches the ends of its reciprocatory movement. 
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