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3,271,988 
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poration of Delaware 

Filed Apr. 24, 1963, Ser. No. 275,807 
14 Claims. (Cl. 72—325) 

The present invention relates to ?uid pressure cylinders 
and more particularly to an improved method and ap 
paratus for forming ?uid ?ow passage means in the wall 
of the ?uid pressure cylinder. 
A ?uid pressure cylinder for a hydraulic system, such 

as a master cylinder, is provided with a vent or pressure 
?uid compensation port hole or port extending through 
the cylinder Wall to provide pressure ?uid communication 
between the cylinder bore and the pressure ?uid reservo1r 
chamber when the master cylinder piston and primary 
cup assembly are in their retracted positions in said 
cylinder bore. The compensation port hole not only 
provides for ?uid pressure equalization between the 
reservoir chamber and the pressure generating portion 
of the cylinder bore when the piston and cup assembly 
is in the retracted position but also serves to provide a 
path for supercharging pressure ?uid ?ow from the reser 
voir chamber into the pressure generating portion of the 
cylinder bore. Since the primary sealing cup of the 
master cylinder is moved back and forth across the com 
pensating port hole by the piston during operation of 
the master cylinder, the radially inner mouth of the com 
pensation port hole must be relatively small in diameter, 
as Well as free of burrs and sharp edges, in order to avoid 
the undesirable feature of extrusion of the cup into the 
compensation port hole and excessive cup cutting and 
wear. Also, the compensation port hole must be ac 
curately located relative to the piston and primary cup 
assembly so as to avoid excessive lost motion of the 
piston and cup assembly during the protractile pressure 
generating stroke thereof as well as to insure open pres 
sure ?uid communication between the reservoir cham 
ber and the pressure generating portion of the cylinder 
bore when the piston and cup assembly return to their 
retracted positions at the end of the retractile stroke 
thereof. 

In the past, it has been common practice to form the 
compensation port hole in a master cylinder by inserting 
drills through the ?ller cap opening for the reservoir 
chamber and through the reservoir chamber so as to drill 
from the outside radially inwardly through the cylinder 
wall. This drilling operation was usually performed in 
two steps in order to reduce drill breakage. First, a 
drill of relatively large diameter was disposed in the 
reservoir chamber through the ?ller cap opening and 
used to drill only partially through the cylinder wall to 
provide a recess of predetermined depth. Then a rela 
tively smaller drill having a size corresponding to the 
desired size of the compensation port hole was inserted 
into the recess for drilling through the remaining por 
tion of the cylinder wall. By way of example, one typical 
port hole has a diameter of about .027 of an inch. 

Although the small fragile drill was used to drill 
through only a portion of the cylinder Wall, drill breakage 
nevertheless was an undesirable feature and a serious 
manufacturing problem, and it Was also di?icult to main 
tain such small drills in sharpened condition. An addi 
tional undesirable feature was that the above drilling 
method produced a sharp edge at the inner mouth of 
the port which was necessarily removed by a special peen 
ing operation to bevel or smoothly round the inner mouth 
or edge of the compensating port hole. A further un 
desirable feature was that since the small drill Was em 
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ployed in the operation following the formation of the 
recess, even a slight misalignment of the recess, as a 
result of the larger drill “walking” during its use, would 
cause the compensating port hole to be displaced or mls 
aligned from its intended location. Therefore, the result 
ing misalignment of the compensating port hole beyond 
the predetermined manufacturing limits, as a result of 
either the large or small drill “walking,” resulted in un 
usable or scrap parts. , 

It is an object of the present invention to provide 
novel method, and/ or apparatus, for forming a passage 
way extending through the cylinder wall of a ?uid pres 
sure cylinder in which the abovernentioned undesirable 
features are obviated. 
Another object is to provide a novel method of form 

ing a ?uid ?ow passageway through the Wall of a ?uid 
pressure cylinder whereby the passageway is accurately 
located therein. 
Another object is to provide novel method for per 

forating the Wall of a ?uid pressure cylinder to provide 
a ?uid passageway therethrough having a smooth, 
rounded mouth at the inner side of the cylinder wall. 

Another object is to provide a novel punching ap 
paratus for use in forming an opening in the wall of a 
master cylinder which, in a single operation, perforates 
the wall to form the opening, and smoothes the mouth 
of the opening on the bore side of the cylinder. 

Still another object is to provide a novel punching 
apparatus for use in forming an opening in the wall of a 
?uid pressure cylinder and which is relatively simple 
in construction and use and whereby economies of manu 
facture are obtained. 
These and other objects and advantages of the present 

invention will be apparent from the following detailed 
description, reference being had to the accompanying 
drawings wherein like numerals refer to like parts. 

In the drawings: 
FIG. 1 is a cross-sectional view showing a master 

cylinder housing, in one stage of its fabrication, disposed 
on a punching apparatus of the present invention, the 
punching apparatus being shown in its unactuated con 
dition, ' 

FIG. 2 is a cross-sectional view similar to FIG. 1 but 
with the punching apparatus in an actuated condition, 

FIG. 3 is a fragmentary sectional view of a fully as 
sembled master cylinder assembly utilizing the master 
cylinder housing of FIGS. 1 and 2 in its completed form, 
FIG. 4 is an enlarged bottom view, partly in section, 

of the punching element of the punch apparatus shown 
in FIGS. 1 and 2, 
FIG. 5 is a top elevational view of the punching ele 

ment 'as shown in FIG. 4‘, 
FIGS. 6 and 7 are left-side and bottom views, respec 

tively, of the end portion of the punch actuating member 
of the punching apparatus shown in FIGS. 1 and 2, 
FIG. 8 is an enlarged fragmentary view showing in 

cross section a completed compensating port hole through 
the wall portion of the master cylinder of FIG. 2, and 
FIG. 9 is an enlarged fragmentary view in cross sec 

tion illustrating a modi?cation of the present invention. 
Brie?y, the present invention provides a novel method 

of forming an opening in the side wall of a bore in a 
?uid pressure cylinder which, in one form, includes the 
step of perforating the side wall of the cylinder bore from 
the bore side of the cylinder. The invention also provides 
a novel perforating apparatus for forming an opening in 
the side wall of a ?uid pressure cylinder. In one form, 
the apparatus includes a sleeve member adapted for dis 
position in the bore of a ?uid pressure cylinder, a perforat 
ing element movable in the sleeve member for perforating 
engagement with the side wall of the cylinder bore, and 
driving means movable in the sleeve member for urging 
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the perforating element into perforating engagement with 
the side wall of the cylinder bore to provide an opening 
therein. 

Referring now to the drawings, the numeral 10 desig 
nates a master cylinder housing which is shown in FIGS. 
1 and 2 in different stages of its fabrication. In FIG. 3 
there is shown a portion of a completed master cylinder 
assembly utilizing the master cylinder housing after it 
has been fully fabricated in accordance with the present 
invention. The housing 10 includes a master cylinder 12 
having a bore 14 and a pressure ?uid reservoir 16. A 
Wall portion of the master cylinder, indicated at 12a, par 
titions the bore 14 from the reservoir 16. As shown in 
FIGS. 1 and 2, the housing 10 is also provided with a 
?uid outlet port 17 and a rectangular mounting ?ange 18 
having ‘openings 19 (shown in phantom) which are 
adapted to receive bolts (not shown) for mounting the 
completed master cylinder assembly for operation in a 
fluid pressure system.. The reservoir is provided with a 
?ller cap opening 20 adapted to threadedly receive a ?ller 
cap (not shown). 

In FIG. 3 a conventional‘master cylinder piston 22 and 
primary cup assembly 23 are shown disposed in the bore 
14 of the master cylinder 12, the piston 22 being shown 
in its fully retracted position. A relatively large ?uid 
passage 24 is provided in the cylinder wall portion 12a to 
provide ?uid pressure communication between the ?uid 
reservoir 16 and bore 14 to supply pressure ?uid to the 
non-pressure generating portion of the bore during the 

. protractile pessure generating stoke of the master cylinder 
piston 22. Pressure ?uid also ?ows through passage 24 
from the bore 14 to the reservoir 16 during the retraction 
or pressure releasing stroke of piston 22. A- ?uid pressurev 
compensation port hole or vent port, with which the pres 
ent invention is particularly concerned, is shown at 26 
extending through the cylinder wall portion 120: to permit 
?uid communication between the reservoir 16 and pres 
sure generating portion of the bore 14 when the piston 22 
is in its retracted position. The functions of a compen 
sation port hole, such as the port hole 26, were previously 
fully described herein. 
As will be explained in greater detail hereinafter, the 

?uid pressure compensation port hole 26 is provided in 
the cylinder wall portion 12a by forming a recess, indi 
cated in the drawings at 26a, in order to reduce the thick 
ness of the wall a predetermined amount at the location 
where it is desired to provide the port hole, and then 
perforating the remaining or reduced section of the wall at 
‘that location to complete the port hole. The formation 
of the recess provides a cylinder wall section of reduced 
thickness, as indicated at 12b in FIGS. 1 and 2, to permit 
or facilitate the perforating operation where the original 
cylinder wall thickness is too great to suitably perforate 
or punch. A novel punching apparatus for performing 
the abovementioned perforating operation is indicated 
generally at 28 in FIGS. 1 and 2. 
As seen in FIGS. 1 and 2, the master cylinder housing 

10 is disposed on the punching apparatus 28, which in 
turn, is mounted to an actuating mechanism 30 adapted 
to operate the punching apparatus. The actuating mech 
anism 30 is secured to a base or supporting table 31, such 
‘as by bolts 32. 

The punching apparatus 28 includes a cylindrical, 
punch-carrying housing or sleeve member 34 which is slid 
ingly received in the bore 14 of the master cylinder 12 
when the housing 10 is disposed on the punching appara 
tus. The sleeve member 34 is provided with a cylindrical 
bore 36 which guides a cylindrical punch actuating mem 
ber 38 disposed therein and which is adapted to engage 
and actuate a punching or perforating element 40. The 
upper end of the bore 36 is closed by a dust cap 39. ‘The 
punching element 40 is slidable in a pair of diametrically 
opposed coaxial bores 42 and 44 extending through op 
posed side walls of the sleeve member 34. The axes of 
bores 42 and 44 are normal to the longitudinal or vertical 
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axis of the sleeve member 34 so that the element 40 is 
guided by the bores 42 and 44 for movement in a radial 
direction. The punching element 40, as shown also in 
FIG. 4, includes a cylindrical punch holder 46 provided 
with a recess 47 in one end thereof, and a punch member 
48 which is secured in the recess by a set screw 49. If 
desired, the holder 46 and punch member 48 may be in 
tegrally formed. 
The punch member 48 has an annular punching or 

perforating portion 50 with a ?at annular end surface 51 
at the free end thereof, and an annular shoulder 52 which 
intersects the peripheral surface of the annular perforat 
ing portion 50 in a predetermined radius at 53. With 
this construction, the punch member 48 is provided with 
an annular peening surface between the perforating por 
tion 50 and the shoulder 52 so that during a punching op 
eration when the perforating portion 50 enters the ma 
terial it is perforating, the annular peening surface formed 
at the radius 53 will engage and peen the material at the 
inner mouth of the punched .port hole so that the inner 
mouth or edge of the hole will be smoothly rounded, as 
will be pointed out hereinafter. 

In the illustrated embodiment, the punch actuating 
member 38 is provided with a cam member 55 at the 
upper end thereof which cooperates with a cam groove 
or slot 56 formed in the punching element 40 to impart 
motion to the element 40 during punching operations. 
The groove 56, as more clearly seen in FIGS. 4 and 5, is 
formed in one side of the punching element and extends 
angularly across the element. The groove 56 has opposed 
side walls 57 and 58. The side wall 57 of the groove 
extends across the element in a plane at a predetermined 
angle to the longitudinal axis of the punching element. 
A wall portion 58b also extends in a plane at a pre 
determined angle to the longitudinal axis of the element, 
and is shown parallel to the plane of wall 57. Side wall 
57 and wall portion 58b of the groove serve as cam sur 
faces which cooperate respectively with opposite side 
walls 59 and 60 on the cam member 55, as seen in FIG. 
7, to effect reciprocal movement of the punching element 
40 when the actuating member 38 is reciprocated in bore 
36. Each of the walls 59 and 60 of cam member 55, 
which walls serve as cam surfaces, is formed in a plane 
at an angle to the longitudinal axis of the punch actuating 
member 33, and such that these walls are angularly 
complementary to the wall 57 and wall portion 58b, re 
spectively, on'the punching element 48. As seen also in 
FIGS. 6 and 7, cam member 55 has an inner ?at side 62 
which slidably engages the ?at bottom of groove 56 of 
the element 40 and an opposed outer arcuate wall 64 
ghich slidingly engages the bore 36 of the housing mem 
' er 34. 

Wall portion 58a, which is in a plane perpendiuclar to 
the longitudinal axis of the punching element, provides 
the groove 56 with an enlarged entranceway to permit 
insertion of the cam member 58 into the groove in as 
sembling the punching apparatus and removal therefrom 
for disassembling the apparatus. 
The cam member 55 of the punch actuating member 

38 cooperates with the groove 56 in punching element 
40 to move the punching element in a work-producing or 
punching direction from a leftward position ‘to the right 
in response to an upwardly directed force applied to the 
actuating member 38, as viewed in FIGS. 1 and 2, and 
to return or move the punching element 40 to the left 
from a rightward position in response to a downward 
force applied to the actuator 38. A return spring 66 
is disposed in a counterbore 68 formed in the lower end 
of the sleeve member 34 between the shoulder provided 
by the counterbore and a ?ange 70 provided on the punch 
actuating member 38 to effect a return of the punching 
element 40 after it has been moved to the right or in 
a punching direction. 

While various types of devices can be employed which 
will suitably actuate the punching apparatus 28, the mech 
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anism 30 illustrated in the drawings includes a hous 
ing 72 having an upstanding portion 74 with an upper 
?ange 76 to which a ?ange 78 on the sleeve member 34 
is attached, as by bolts. A vertically extending bore 80 
is provided in the upstanding portion of the housing for 
slidably receiving an actuating piston 82, the upper end 
of which is shown in engagement with the lower end or 
?ange 70 of the punch actuating member 38. The hous 
ing 72 is also provided with a horizontally extending ‘bore 
84 connecting with the vertical bore 80. Disposed in 
the bore 84 is another actuating piston 86 adapted to have 
a force applied thereto for actuating the punching appa 
ratus. 
The piston 86 is provided with a groove 88 having 

a wall 90 in a plane perpendicular to the longitudinal axis 
of the piston 86 and a wall 92 in a plane which is inclined 
at a predetermined angle to the longitudinal axis of the 
piston and the plane of wall 90. Actuating piston 82 has 
a lower end wall 94 in a plane inclined at an angle to 
the longitudinal axis of the piston 82. The lower end 
wall 94 of the piston 82 and the wall 92 of the piston 86 
are formed in planes at complementary angles so as to 
serve as cooperating cam surfaces by which motion is 
transmitted from the piston 86 to the piston 82 in re 
sponse to a force applied to the right-hand end of the 
piston 86. 
A return spring 97 for the piston 86 is disposed be 

tween the housing 72 and a collar member 98 which 
threadedly receives an end portion of piston 86. A 
force receiving screw member 100 is shown threaded into 
the end of piston 86 and in engagement with the collar 
98. A force for actuating the driving mechanism 30 and 
the punching apparatus 28 is applied to the head of screw 
member 100, for example, by a ?uid pressure motor, such 
as a conventional pneumatic power cylinder or the like, 
having aiforce applying actuator such as indicated at 102. 
The actuator 102 is adapted to move leftwardly, as viewed 
in FIG. 1 of the drawings, into engagement with screw 
member 100 for moving the primary piston 86. The 
collar member 98 provides means for preadjusting the 
driving mechanism so as to obtain a desired predetermined 
length of stroke for the pistons 86 and 82 so as to obtain 
a desired length of stroke for the punch actuating mem 
ber 38 and punching element 40. Screw member 100 
engages the free end of the collar 98 and thereby serves 
to lock the collar in its adjusted position. 
When the master cylinder housing 10 is placed on the 

punching apparatus, the cylinder 12 slides downwardly 
over the sleeve member 34 until the lower end thereof 
engages the upper side of ?ange 78. This engagement 
locates the housing 10 relative to the punching element 
40 in an axial direction, that is, so that the punching 
element 40 is at a predetermined axial distance from the 
ends of the cylinder. In order to suitably position the 
master cylinder housing 10 circumferentially of the punch 
ing apparatus, an indexing member 104, shown as a gen 
erally C-shaped plate, is secured as by bolts to the housing 
72 of the driving mechanism 30. Plate 104 is provided 
with an indexing pin 106, shown as a dowel pin, secured 
in an opening formed in the plate 104. The indexing 
pin 106 extends vertically upwardly from plate 104 and 
is predeterminately located thereon so that when the 
master cylinder housing 10 is placed on the punching 
apparatus the pin 106 will enter one of the mounting 
holes 19 of the master cylinder mounting ?ange 18 and 
accurately locate the housing 10 circumferentially of the 
punching element 40. In this way, the housing 10 is pre 
determinately positioned on the punching apparatus 28 
so that the compensation port hole 26, when formed there 
in, will be accurately disposed in the bore at the desired 
location. 
As is apparent from the drawings, the sleeve member 

34 has an outer diameter which is only slightly less than 
the diameter of the cylinder bore 14 so that the sleeve 
member will be in close-?tting relation with the walls of 
the cylinder bore 14. Thus, when the housing 10 is 
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6 
positioned on the punching apparatus, as previously de 
scribed herein, the bore or cylinder wall portion 12a 
will lie against or be closely adjacent the outer peripheral 
surface of the sleeve member with the reduced wall sec 
tion 12b, to be perforated, adjacent the radially outer end 
of the bore 44 and in position to be struck by the punch 
ing element 40. 

Preferably, the recess 26a is formed by drilling such 
as by employing the drill shown in phantom at 110‘ in 
FIG. 1 and while the housing 10 is disposed on the punch 
ing apparatus 28. The drill 110‘ may be mounted to a 
conventional drill ?xture (not shown) which is operable 
to move the drill 110- into and out of the reservoir 16. 
With such an arrangement, the drill ?xture may be pre 
determinately located and arranged relative to the punch 
ing element 40 so that after the housing 10‘ in FIG. 1 
is predeterminately positioned on the punching appara 
tus, drill 110 may be moved into the reservoir 16 through 
the ?ller cap opening 20 and used to drill radially in 
wardly into the wall portion 12a of the cylinder to form 
the recess 26a in aligned relation with the punching ele 
ment 40. The drill 110, after the recess has been for-med, 
may then be retracted from the reservoir. 

After the recess 26a is formed in the wall portion 12a 
of the cylinder, the punching apparatus is then actuated 
so as to perforate or punch the reduced wall section 12b. 
When piston 102 engages the screw member 100, the 
piston 86 is moved leftwardly causing piston 82 to move 
upwardly because of the cooperating cam surfaces 92 and 
94 on these pistons. The piston 82, in turn, moves the 
actuating ‘member 28 upwardly whereby the cam mem 
ber 55 slides upwardly in the groove 56 of the punching 
element 40 to effect movement of the punching element 
to the right or radially outwardly to perforate the re 
duced wall section 12b of the cylinder wall portion 12a. 
This movement of punching element 40 to the right or 
in its punching direction is effected by the cooperating 
walls 59 and 57 on cam member 55 and element 40, 
respectively. As is apparent from drawings, the per 
forating portion 50‘ of element 40 when actuated moves 
out of 'bore 44 or past the outer peripheral surface of the 
sleeve member 34 to punch an opening in the wall sec 
tion 12b which is disposed adjacent the outer surface 
of said sleeve member and at the radially outer end or 
mouth 44a of the bore 44. 

FIG. 2 shows the apparatus in an actuated position 
with the punching element 40 moved to the right and 
having perforated the reduced wall section 12b of wall 
portion 12a. The punching element 40 forms the open 
ing 26b, as shown in FIG. 8, which connects with the 
recess 26a to thereby form the completed compensating 
port hole 26. During the punching stroke of the punch 
ing element 40, the inner mouth of the port hole is struck 
by the peening surface provided by the radius 53 of 
shoulder 52 of the punch member 48, as is apparent from 
FIG. 2. In this way, the inner mouth or edge of the 
opening formed by the punching element is peened in 
wardly of the opening during the punching operation to 
provide the port hole 26 with a smoothly rounded inner 
mouth, as indicated at 112 in FIG. 8. The inner mouth 
of the port hole will thus be free from burrs and sharp 
edges. 
When the actuator 102 is retracted from its position 

shown in FIG. 2, spring 97 returns the piston 86 to its 
unenergized position allowing spring 66 to return the 
actuating member 38 and punching element 40 to their 
unenergized positions shown in FIG. 1. The cam sur 
faces 58b and 60 on the element 40 and cam member 55, 
respectively, cooperate to return the element 40‘ back to 
its unenergized position. The housing 10 may then be 
removed from the punching apparatus by sliding it up 
wardly o? the sleeve member 34, and the punching ap 
paratus will be in condition for receiving another master 
cylinder housing to be perforated. 

In FIG. 9, a modi?ed form of recess, as indicated at 
26'a, is shown formed in the wall 12'a of a master cylin 
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der. The recess 26'a is formed so as to have a substan 
tially ?at bottom surface 114 to provide a reduced Wall 
section 12'b of substantially constant width or thickness. 
The area of the wall section 12'!) is shown in FIG. 6 as 
appropriately equal to the area of the end surface 51 of 
the punching element 40 although it may be of larger 
area if desired. Because wall section 12'!) is of substan 
tially constant thickness, punching element 4!} does not 
have to pass through as much material in perforating the 
cylinder wall as it does in the case where the bottom 
‘surface of the recess is formed with a conical bottom 
surface, such as in the case of recess 26a in FIG. 1. For 
this reason, the material of wall section 12'a presents 
less resistance to perforation by the punching element and 
thereby increases the life expectancy of the punching ele 
ment and decreases the danger of punch breakage. Also, 
the location of recess 26'a relative to the punching ele 
ment is not as critical. 
From the foregoing, it is now apparent that a novel 

method and apparatus for forming a passageway through 
the wall of a ?uid pressure cylinder vmeeting the objects 
set out hereinbefore are provided and that changes or 
modi?cations to the method and apparatus set forth in 
the disclosure by way of illustration may he made by 
those skilled in the art without departing from the true 
spirit of the invention as de?ned in the claims which 
follow. 
What I claim is: 
1. A method of forming a port hole through the metal 

wall of a cylinder having an outer surface, and an inner 
surface de?ning a bore comprising the steps of providing 
a recess in the wall of the cylinder which extends from 
the outer surface of the cylinder inwardly a predetermined 
distance toward the inner surface of the cylinder to pro 
vide a relatively thin wall section of substantially re 
duced thickness, and then punching said wall section with 
a punch from the bore side of the cylinder to provide an 
opening connecting with the recess. 

2. A method of forming an opening through the metal 
side wall of a cylinder having an outer surface, and an 
inner surface de?ning a bore comprising the steps of drill 
ing a recess of predetermined depth in the side wall from 
the outer surface of the cylinder to provide a relatively 
thin wall section of substantially reduced thickness, and 
then punching said wall section with a punching element 
from the bore side of the cylinder to provide an opening 
connecting with the recess. 

3. A method of forming a port hole through a metal 
wall portion of a bore in a ?uid pressure generating cylin 
der having a reservoir partitioned from the bore of the 
cylinder by the wall portion comprising the steps of in 
serting a drill into the reservoir and drilling radially in 
wardly into the wall portion a predetermined distance to 
provide a relatively thin wall section of substantially re 
duced thickness, and driving a punching element into the 
wall section from the bore side of the wall portion to 
provide a port hole through the wall potrion. 

4. A method of forming a port hole through a metal 
wall portion of a bore in a ?uid pressure generating 
cylinder having a reservoir partitioned from the bore 
by the Wall portion comprising the steps of inserting a 
drill into the reservoir and drilling inwardly of the cy 
linder into the wall portion a predetermined distance to 
provide a relatively thin wall section of substantially re 
duced thickness, and driving a punching element, having 
a leading perforating portion intersecting a shoulder on 
the punching element in a radius, into the wall section 
from the bore side of the wall portion with the radius 
engaging the ‘wall section to provide an opening con 
necting with the recess and having an inner mouth peened 
by the radius on the punching element. 

5. A method of forming a port hole through the metal 
side wall of a bore in a cylinder comprising the steps 
of providing a punching apparatus including a sleeve mem 
her having a diameter slightly less than the diameter of 

8 
the cylinder borer and carrying a movable punching ele 
ment adapted for punching engagement with the side wall 
of the cylinder ‘bore, positioning the cylinder on the 

_ punching apparatus with the sleeve member and punch 

10 

25 

30 

35 

45 

50 

70 

ing element disposed within the cylinder bore, drilling a 
recess of predetermined depth in the side wall of the cyl 
inder from the outer surface thereof in aligned relation 
with said punching element to provide a relatively thin 
wall section of substantially reduced thickness, applying a 
force to said punching element to drive said punching ele 
ment into said wall section to form an opening connect 
ing with the recess, and retracting the punching element 
from the opening formed thereby. 

6. A method of forming a port hole through the metal 
wall of a ?uid pressure generating cylinder having an 
outer surface, and an inner surface defining a bore com 
prising the steps of forming a recess in the wall of the 
cylinder having a substantially ?at bottom and which 
extends inwardly from the outer surface of the cylinder 
a predetermined distance to provide a relatively thin wall 
section of substantially reduced thickness having a sub 
stantially constant cross-section, and then punching said 
wall section with a punch from the bore side of the cylin_ 
der to form an opening connecting with the recess. 

7. A method of forming a port hole through a metal 
wall portion of a ?uid pressure generating cylinder hav 
ing a bore and a ?uid reservoir partitioned from the bore 
by the wall portion comprising the steps of providing a 
recess in the wall portion which extends from the reser 
voir side of the wall portion a predetermined distance to 
ward the bore to provide a relatively thin wall section of 
substantially reduced thickness, and then punching said 
wall section with a punch from the bore side of the wall 
portion toward the reservoir side thereof to provide an 
opening in the wall section connecting with the recesss. 

8. A method of forming a port hole through the metal 
side wall of a cylinder having an outer surface and an in 
ner surface de?ning a bore comprising the steps of pro 
viding a punching apparatus including a punch carrying 
member having a movable punch for punching engage 
ment with the side wall of the cylinder, forming a recess 
in the side wall of the cylinder which extends from the 
outer surface thereof inwardly a predetermined distance 
toward the inner surface thereof to provide a relative 
ly thin wall section of substantially reduced thickness, po 
sitioning the cylinder on the punching apparatus with the 
punch carrying member and punch within the cylinder 
bore and with said wall section in aligned relation with 
the punch, and then applying a force to the punch to‘ 
drive the punch into said wall section to form an opening 
therein connecting with the recess. 

9. A method of forming a port hole through the metal 
wall of a cylinder having an outer surface and an inner 
surface de?ning an axial bore comprising the steps of 
providing a recess in the cylinder wall which extends 
from the outer surface thereof substantially radially in 
wardly a predetermined distance toward the inner sur 
face thereof to provide a relatively thin wall section of 
substantially reduced thickness, providing a punching ele 
ment having a leading perforating portion and a shoulder 
intersecting the perforating portion in substantially a 
radius, and then driving the perforating portion into said 
wall section from the bore side of the cylinder wall to 
form an opening in said wall section connecting with the 
recess and said radius into engagement with the mouth 
of said opening onthe bore side of the cylinder wall 
to peen said mouth. 

10. A method of forming a port hole through a metal 
side wall of a cylinder having an outer surface and an in 
ner surface de?ning an axial bore comprising the steps of 
providing a punching apparatus including a punch carry 
ing member having a movable punching element adapted 
to ?t within the cylinder bore, said punching element hav 
ing a leading perforating portion for punching engage 
ment with said side wall and an anuular shoulder inter 
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secting the perforating portion in substantially a radius, 
positioning said cylinder on said apparatus with the punch 
carrying member and punching element predeterminately 
positioned within the cylinder bore, then forming a recess 
in said side wall in aligned relation with said perforating 
portion with the recess extending from the outer surface 
of said side wall substantially radially inwardly a prede 
termined distance toward the inner surface of said side 
wall to provide a relatively thin wall section of substan 
tially reduced thickness, and then applying a force to said 
punching element to drive said perforating portion in a 
radially outward direction into said wall section to form 
an opening therein connecting with the recess and said 
radius into peening engagement with the mouth of said 
opening at the inner surface of said side wall to peen said 
mouth. 

11. The method according to claim 10 wherein said 
recess is formed such that said wall section has a sub 
stantiaily constant thickness. 

12. A method of forming a port hole through a metal 
wall portion of a ?uid pressure cylinder having a bore and 
a pressure ?uid reservoir partitioned from the bore by the 
wall portion comprising the steps of providing a punching 
apparatus including a punch carrying member having 
a movable punching element adapted to ?t Within the 
cylinder bore, said punching element having a leading 
perforating portion for punching engagement with the 
wall portion and an annular shoulder intersecting the per 
forating portion in substantially a radius, positioning said 
cylinder on said apparatus with the punch carrying mem 
ber and punching element predeterminately positioned 
within the cylinder bore, then inserting a drill into said 
reservoir and drilling a recess in the wall portion in 
aligned relation with said perforating portion of the 
punching element with the recess extending from the 
reservoir side of the wall portion inwardly a predeter 
mined distance toward the bore side of the wall portion 
to provide a relatively thin wall section of substantially 
reduced thickness, and then applying a force to said 
punching element to drive said perforating portion into 
said wall section to form an opening therein connecting 
with said recess and said radius into peening engagement 
with the mouth of said opening on the bore side of the 
wall portion to peen said mouth. 

13. A method of forming a port hole through the metal 
wall of a hollow workpiece having an outer surface, and 
an inner surface de?ning a bore comprising the steps of 
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10 
providing a recess in the wall of the workpiece which ex 
tends from the outer surface of the workpiece inwardly a 
predetermined distance toward the inner surface of the 
workpiece to provide a relatively thin wall section of sub 
stantially reduced thickness, and then punching said wall 
section with a punch from the bore side of the workpiece 
to provide an opening connecting with the recess. 

14. A ‘method of forming a port hole through the metal 
side wall of a hollow work-piece having an outer surface 
and an inner surface de?ning a bore comprising the steps 
of providing a punching apparatus including a punch 
carrying member having a movable punch for punching 
engagement with the side wall of the workpiece, forming 
a recess in the side wall of the workpiece which extends 
from the outer surface thereof inward-1y a predetermined 
distance toward the inner surface thereof to provide a 
relatively thin wall section of substantially reduced thick 
ness, positioning the workpiece on the punching apparatus 
with the punch carrying member and punch within the 
work-piece bore and with said wall section in aligned re 
lation with the punch, and then applying a force to the 
punch to drive the punch into said wall section to form an 
opening therein connecting with the recess. 
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