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This invention relates to free-piston com 
pressors and particularly to an arrangement by 
which to run-in a high-speed compressor at a 
relatively low speed. 

It is well known that the frequency of the’ 
cycle in free-piston units is dependent upon the 
pressures on the piston assemblies and also de 
pendent upon the weight of the piston assem 
blies. If a free-piston unit is made with a light 
weight piston assembly for the purpose of high 
speed operation the unit is incapable of operating 
at the relatively low speeds desirable for break 
ing in the wearing surfaces of the unit. A fea 
ture of this invention is the substitution of a 
relatively heavy piston assembly for the regular 
piston assembly for the purpose of causing the 
unit to operate during the run-in period at rela 
tively slow speeds. 1 
In the conventional type of engine having a 

crankshaft the range of speeds over which the ‘ 
engine will operate is relatively large and it is 
possible to idle the engine at speeds satisfactory 
for running-in the engine. In the free-piston 
units. however, the absence of the crankshaft 
and the narrow range of speed between minimum 
and maximum speeds makes it impossible to 
operate the unit at the slow speeds advantageous 
for initial operation of the unit. A feature of 
the invention is an arrangement for increasing 
the moving mass of the unit for the purpose of 
substantially reducing the rate of piston recipro 
cation during the initial run-in of the unit. It 
will be understood that this weight increase is 
not necessarily obtained by increasing the weight 
of the piston itself since it may result from an 
increase in any part of the oscillating mass which 
forms a part of the synchronizing mechanism 
between the opposed piston assemblies. 
Other objects and advantages will be apparent 

from the specification and claims, and from the 
accompanying drawings which illustrate an em 
bodiment of the invention. 

Fig. l is a section view through the free-piston 
unit. 

Fig. 2 is a fragmentary sectional view through 
a piston assembly having a much greater mass. 
The'unit shown includes an engine cylinder 

l0 having reciprocating pistons l2 and I4 to 
which compressor pistons l6 and It in cylinders 
20 and 22 are integrally connected. Sleeves 24 
and 26 attached to the compressor pistons com 
plete the reciprocating pistonassemblies. The 
sleeves in combination with stationary pistons 
26 and 30 form airspring cylinders. 
The piston assemblies are moved apart by the 
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burning of fuel injected into the engine cylinder 
l0 through one or more nozzles 32. Air com 
pressed in the airspring cylinders on the power 
stroke returns the piston assemblies. The as 
semblies are always maintained at equal dis 
tances from the center of the engine cylinders 
by a linkage which may include racks 34 and 
36 extending from the opposed piston assemblies 
and meshing with a pinion 38 on a shaft 40. 
Intake manifold 42 which extends around the 

compressor and engine cylinders conducts air to 
intake valves 44 in the heads of the compressor 
cylinders through which air alternately enters 
opposite ends of these cylinders. The compressed 
air leaves the cylinders through discharge valves 
46 also by opposite ends of the compressor cylin 
ders and passes into a center scavenge chamber 
48 and end chambers 50 and 52. These cham 
bers may be connected by a scavenge manifold, 
not shown. 
Compressed gas from the chambers enters en 

gine ports 54 and 56 which are uncovered by pis 
tons l2 and I 4 at the end of the power stroke 
thereby permitting air to be blown through the 
engine cylinder. Gas in the engine cylinders is 
discharged through exhaust ports 58 into exhaust 
manifolds 60. . 

One of the principal limitations on the fre 
quency or speed of a free-piston unit is the mass 
of the moving parts which include not only the 
piston assemblies as above described but also 
the synchronizing racks and pinion and any other 
mechanism actuated by the racks or pinion. For 
the purpose of providing a unit operating at a 
relatively high frequency, the engine pistons l4 
are made hollow as shown and the compressor 
pistons l6 and I8 may also be made hollow for 
the purpose of further reducing the weight of 
the piston assemblies. Thus, for example if the 
weight of the piston assemblies can be reduced 
enough the full load frequency of the unit may 
be, for example, as high as three thousand cycles 
per minute in which case the minimum frequency 
may be not lower than two thousand cycles. In 
many cases this minimum frequency is still too 
high for satisfactory run-in of a new unit. In 
order to reduce the speed or frequency of the 
unit the moving mass may be substantially in 
creased in weight as, for example, as shown in 
Fig. 2 by inserting a solid central element 62 in 
the engine piston or by substituting a solid com 
pressor piston 64 for the regular compressor pis 
ton or both. Either of these arrangements for 
increasing the weight does not affect the exter 
nal dimensions of the piston assemblies and the 
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same outside shell 68 of the engine piston and 
the same sleeve 26 for the air spring may be re 
tained during the run-in period. An increase in 
the weight of the piston assembly, as provided 
above, will reduce the frequency of the unit, for 
example to as low as a thousand cycles so that 
the unit may be run-in at a much more advan 
tageous speed. It will be noted that the element 
62 may be mounted releasably in place by means 
of threads 61 on the piston assembly. 

Instead of increasing the weight of the piston 
assembly as such, it may be advantageous, as 
shown in the dotted lines in Fig. 1, to mount a 
heavy mass 68 releasably on the end of the shaft 
“I on which the synchronizing pinion is ?xed. 
This mass 58 will effectively reduce the frequency 
of the unit without any change in the essential 
dimensions of the unit assembly and permits the 
unit to be run—in with the same piston assemblies 
that will be used during the normal operation of 
the unit. The mass 68 may be removed after the 
run-in and the unit will then operate at the de 
sign speed. 

It is to be understood that the invention is not 
limited to the speci?c embodiment herein il 
lustrated and described, but may be used in other 
ways without departure from its spirit as de?ned 
by the following claims. 

I claim. 
1. In a high-speed free-piston unit in which 

the rate of reciprocation of the piston assembly 
is an inverse function of the reciprocating mass, 
the method of running-in a unit which involves 
adding a mass internally of the piston assembly to 
obtain a slow rate of piston reciprocation with 
out change in the external dimensions of the 
piston assembly and subsequently removing the 
added mass to obtain a normal rate of piston 
reciprocation. 

2. In a high—speed free-piston unit in which 
the piston assembly is moved alternately in op 
posite directtions by gas forces on the faces of 
the piston elements of the assembly, the method 
of running-in a unit at slow speed, which in 
volves substantially increasing the weight of the 
piston assembly without a change in the essential 
dimensions thereof for temporarily reducing the 
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normal frequency of the piston reciprocation 
during the run-in period, and subsequently re 
moving the increase in weight to obtain a normal 
rate of piston reciprocation. 

3. In a high-speed free-piston unit having a 
moving mass including opposed piston assem 
blies and a synchronizing mechanism intercon 
necting the assemblies, the method of running 
in a unit which involves substantially increas 
ing the weight of the moving mass without af 
fecting the external dimensions of the piston as 
semblies thereby effectively reducing temporar 
ily the frequency of the piston reciprocation dur 
ing the run-in period, and subsequently remov~ 
ing the increase in weight to obtain a normal 
rate of piston reciprocation. 

4. A high-speed free-piston compressor includ 
ing opposed piston assemblies, and a synchro 
nizing mechanism interconnecting the assemblies, 
in combination with means located internally 
of the piston assemblies for removably attach 
ing within each of the assemblies an additional 
mass for the purpose of temporarily reducing the 
rate of piston reciprocation, said additional 
masses being removable to provide for a normal 
rate of piston reciprocation after the run-in 
period. 

5. A high-speed free-piston compressor having 
a moving mass including opposed piston assem 
blies, and a synchronizing mechanism intercon~ 
necting the assemblies, in combination with ad 
ditional weights, means for releasably attaching 
to said moving mass the additional weights for 
reducing the rate of piston reciprocation during 
the run-in period, said additional weights being 
removable to provide for a normal rate of piston 
reciprocation after the run-in period. 
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