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3,338,317 
ORIENTED PERFORATING APPARATUS 

James B. Shore, Friendswood, Tex., assignor to Schlum 
berger Technology Corporation, Houston, Tex., a cor 
poration of Texas 

Filed Sept. 22, 1965, Ser. No. 489,114 
17 Claims. (Cl. 175—4.51) 

This invention relates to preforating apparatus for use 
in multiple-completion well bores; and, more particular 
ly, to new and improved means for orienting such perfo 
rating apparatus and preventing its premature actuation 
until it has been properly oriented relative to adjacent 
tubing strings and for facilitating the retrieval of the ex 
pended apparatus. 

In one technique of completing oil wells having a 
plurality of spaced productive earth formations, the well 
is cased as required and individual tubing strings extended 
to a depth generally slightly above each of the several 
formation intervals. To isolate these productive forma 
tions from one another, means, such as conventional 
packers, are employed to pack-01f the well bore between 
the casing and tubing strings near the upper limit of each 
of the productive formations. Thus, once the tubing strings 
and these packers arein position, the lower portion of 
the well bore is divided into a series of vertically spaced, 
isolated intervals with only a single tubing string com 
municating with each productive interval and, except for 
the lowermost interval, through which one or more of the 
other tubing strings extend to the lower intervals. 
Once this part of the completion operation is ?nished, 

the casing must, of course, be perforated adjacent each 
productive interval to obtain communication with the ad 
jacent formations therearound. To accomplish this, perfo 
rating apparatus, such as shaped charges mounted on ex 
pendable supports or con?ned within retrievable enclosed 
carriers, is successively lowered through each of the tub 
ing strings in turn. Upon reaching the productive interval 
in which that particular tubing string terminates, the ap 
paratus is lowered below the lower open end of the string 
into the isolated interval and then actuated. 

It will be appreciated, however, that, in all but the 
lowermost of these productive intervals, the perforating 
apparatus must also be laterally directed to avoid perfo 
rating the other tubing strings passing through that in 
terval to other intervals therebelow. Accordingly, it has 
been necessary heretofore to employ such arrangements 
as pre-positioned guides on the tubing strings that co 
operatively engage and orient the perforating apparatus 
to direct its axis of perforation away from the adjacent 
tubing strings passing through that productive interval. 

Typical of such orienting arrangements is that shown 
in the Lebourg Patent No. 3,168,141 wherein tubular subs 
having an enlarged, eccentric or offset portion are coupled 
to the lower end of all but the longest string before the 
tubing is placed in the well. To ensure that the offset por 
tions of these locating subs are correctly aligned with 
respect to the adjacent strings, the tubing strings must be 
?rmly secured to one another and lowered as a group into 
the well. Then, a perforator having an extendible orient 
ing arm is successively positioned in each tubing string 
and manipulated until the extendible arm enters the olf 
set portion of the locating sub for that string to direct the 
perforator away from the adjacent strings. Although such 
arrangements as that shown in the Lebourg patent have 
been successfully employed, it will be recognized that it is 
not always desirable or possible to pre-position these 
locating subs. It is also particularly time-consuming and 
generally more expensive to run two or more pipe strings 
into a well simultane0usly._ Moreover, once such locat 
ing subs are installed, they can be somewhat of an obsta 
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cle to passage of other tools as well as of no utility should 
it later be desired to perforate the well at a substantially 
different depth. 

Accordingly, it is an object of the present invention to 
provide new and improved apparatus for orienting a 
perforator in multiple-completion wells without such pre 
positioned guides that positively prevents premature actu 
ation of the perforator until it is directed away from ad 
jacent tubing strings as well as subsequently facilitates the 
withdrawal of the perforating apparatus. 

This and other objects of the present invention are 
accomplished by connecting to a perforator having a 
selected lateral direction of perforation a normally-re 
tracted orienting arm having a wall-engaging portion that 
is extendible to a position substantially diametrically oppo 
site the direction of perforation-Means are provided for 
selectively extending the orienting arm with sufficient force 
after the perforator has emerged from the open end of a 
pipe string to shift the perforator laterally in the direc 
tion it is to perforate. Disabling means are provided to 
deactivate the perforator’s perforating devices until the 
orienting arm has extended a minimum distance repre 
sentative of a substantial proportion of the well bore 
diameter at the depth of perforation. Thus, by render 
ing the perforating devices inoperative until the orienting 
arm has been extended at least this minimum distance, 
the perforator cannot be actuated until its direction of 
perforation is faced away from adjacent tubing strings. 
Means are further provided for subsequently retracting 
the orienting arm once the perforator has been ?red to 
facilitate withdrawal of the perforating apparatus. 
The novel features of the present invention are set forth 

with particularity in the appended claims. The present 
invention, both as to its organization and manner of op 
eration together with further objects and advantages 
thereof, may best be understood by way of'illustration 
and example of certain embodiments when taken in con 
junction with the accompanying drawings, in which: 

FIG. 1 is an elevational view showing perforating ap 
paratus including the present invention as it may appear 
in a well bore; 
FIG. 2 is a schematic view in plan showing the perfo 

rating apparatus of FIG. 1 in typical positions for perfo 
rating; 

FIG. 3 is a view similar to FIG. 2 but showing the 
perforating apparatus in typical undesirable positions; 
FIG. 4 is an elevational view in cross-section of one 

embodiment of the orienting device of the present inven 
tion as it will appear in its initial operating position; 

FIG. 5 is a view of the apparatus of FIG. 4 in an 
other operating position; 

FIG. 6 is a view of the apparatus of FIG. 4 but illus 
trating still another of its operating positions; 

FIG. 7 is a schematic wiring diagram of suitable elec 
trical circuitry for the apparatus of FIG. 4; and 
FIG. 8 is a cross-sectional view of a portion of an alter 

nate embodiment of the present invention. 
Turning now to FIG. 1, a representative view is shown 

of a borehole 10 lined with cement Ill to secure a casing 
12 extending through productive earth formations 13—15. 
In the casing 12 is a ?rst tubing string 16 depending from 
conventional wellhead equipment (not shown) at the 
earth’s surface, with its lower open end 17 being ter 
minated just above the uppermost productive earth for 
mation 13. Second and third tubing strings 18 and 19 
are similarly dependently secured at the surface and re 
spectively extended through the casing 12 to a depth 
above the next lower earth formation 14 and the lower; 
most productive earth formation 15. To isolate the pro 
ductive formations 13—15 from the upper portion of the 
well bore 20, a conventional packer 21 is arranged to 
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seal the space between the interior wall of the casing 
12 and the outer walls of the tubing strings 16, 18 and 
19 above the uppermost formation 13. Another conven 
tional packer 22 is arranged between the formations 13 
and 14 to pack-off the annulus around the longer tubing 
strings 18 and 19; while still another packer 23 may be 
likewise employed to seal the space between the casing 
12 and the longest tubing string 19 between the forma 
tions 14 and 15. 
To perforate the casing 12 opposite the uppermost 

earth formation 13, perforating apparatus 24 including a 
casing-collar locator 25, the orienting and safety device 
26 of the present invention and a perforator 27, is de 
pendently suspended from an electrical cable 28 spooled 
from a winch (not shown) at the earth’s surface and 
lowered into the tubing string 16. It will be understood, 
of course, that although FIG. 1 depicts a so-called “re 
trievable” perforator 27 which encloses a plurality of 
shaped charges (not shOWn) facing closed, lateral ports 
29 longitudinally aligned along one side of its carrier, 
other types of perforators can also be employed so long 
as their perforating devices are arranged to ?re in sub 
stantially the same predetermined lateral direction. Thus, 
by directing the lateral direction of perforation of the 
perforator 27 away from both of the adjacent strings 18 
and 19, the perforator can be safely actuated to produce 
a series of longitudinally spaced perforations (not shown) 
through the casing 12 and cement 11 into the earth for 
mation 13. 

After the perforating apparatus 24 has emerged from 
the lower open end 17 of the tubing string 16, it is, of 
course, substantially free to rotate or be shifted laterally 
in any direction with little or no restraint or guidance 
from the cable 28. Accordingly, as will be subsequently 
explained in detail, the orienting device 26 of the present 
invention includes means to position the perforator 27 
so it can be safely actuated without damaging an adjacent 
tubing string such as 18 and 19. To accomplish this, the 
orienting device 26 includes an arm 30 (FIGS. 2-6) that 
is laterally movable by a continued force to an extended 
position diametrically opposite from the ports 29 (FIG. 
1). Inasmuch as the perforating apparatus 24 is freely 
suspended, it will be appreciated that when the arm 30 
is forced against one side of the casing 12, the perforator 
27 will be urged toward the opposite side of the casing 
in its lateral direction of perforation 3,1. 
' It will be recognized that there are a great number 
of directions in which the perforator 27 can face once 
it is lowered into an isolated zone. Thus, as a preliminary 
to a detailed description of the invention, the various 
positions that the perforating apparatus 24 can assume 
are schematically illustrated in FIGS. 2 and 3. For exam 
ple, the perforating apparatus 24 can emerge from the 
lower open end 17 of the tubing string 16 with the shaped 
charges 32 facing away from the adjacent tubing strings 
18 and 19. In this event, the arm 30 will be extended be 
tween the adjacent strings 18 and 19 against the casing 
_12 to urge the perforator 27 into the position depicted in 
full-line in FIG. 2 with its direction of perforation being 
as shown by arrow 31. ’ 
On the other hand, should the shaped charges 32 be 

initially facing one of the adjacent tubing strings 18 or 
19, as the arm 30 is extended into the position shown in 
the dashed lines in FIG. 2, the perforating apparatus 24 
will be urged against that tubing string, as for example, 
18, When the perforator 27 reaches a position as repre 
sented by the dashed lines in FIG. 2, the continued force of 
the orienting arm 30 against the casing 12 will de?ect 
the perforating apparatus 24 somewhat tangentially away 
from the tubing string 18 and in the direction shown by 
arrow 33. It will be realized that should the arm 38 ini 
tially engage one of the tubing strings 18 and 19, the 
continued force thereon will be effective to cause it to 
‘slide to one side or the other, of that tubing string. Once 
the perforating apparatus 24 is against the casing 12, the 

10 

20 

25 

4:0 

45 

50 

55 

65 

70 

4 
perforator 27 may, of course, be safely actuated without 
damaging the adjacent tubing strings 18 and 19. 

It will be recognized, however, that it is not always 
certain that the perforating apparatus 24 will come to 
rest in a position where its direction of perforation 31 does 
not intersect one of the adjacent tubing strings 18 and 
19. For example, it is quite possible for the perforating 
apparatus 24 to be urged between both of the adjacent 
tubing strings 18 and 19 somewhat as illustrated in full 
line in FIG. 3. Similarly, should the outer end 34 of the 
arm 30 become engaged with an irregularity on the wall 
of the casing 12, the perforator 27 could readily assume 
a position as shown by the dashed lines in FIG. 3. Al 
though the perforator 27 could possibly be actuated in 
either of the positions illustrated in FIG. 3 without damag 
ing the adjacent tubing strings 18 and 19, it is considered 
,too risky to do so. 

Accordingly, to be certain that actuation of the perfo 
rator 27 will neither damage nor puncture the adjacent 
strings 18 and 19, the orienting device 26 of the present 
invention includes means 35 for disabling the perforator 
until it is positively facing in a safe direction relative to 
the adjacent tubing strings. To accomplish this, the dis 
abling means 35 are arranged whereby the perforator 27 
cannot be actuated until the extendible arm 30 has moved 
outwardly a predetermined distance that can be attained 
only when the perforating apparatus 24 is either engaged 
against the casing 12 or is very near thereto. If, for some 
reason, the extendible arm 30 cannot be moved such 
a distance, it is very likely that the perforator 27 has 
assumed a position, such as those in FIG. 3, where its 
actuation might well damage at least one of the adjacent 
tubing strings 18 or 19. Thus, as will be subsequently 
described in greater detail, the disabling means 35 of the 
present invention are made operatively responsive to 
movement of the extendible arm 30. By selecting a mini 
mum stroke through which the arm 30 must move in ac 
cordance with the geometrical and dimensional param 
eters of a particular well bore to avoid an adjacent tubing 
string, the disabling means 35 can be arranged to disarm 
the perforator 27 until the arm has reached this prede 
termined position. 

It will be appreciated, of course, that should the perfo 
rator 27 be shifted into a position such as those repre‘ 
sented in FIG. 3, it will not necessarily remain in such 
a position. In such an instance, it will be readily ascer 
tainable, for example, by monitoring conventional meas 
uring equipment (not shown) at the surface that an at 
tempt to actuate the perforator 27 was unsuccessful 
However, upon determining that the perforator 27 was 
not in fact actuated, repeated reciprocation of the suspen 
sion cable 28 will generally suf?ce to reposition the 
perforating apparatus 24 to enable the extendible arm 
30 to shift the perforator into a safe position. If this is 
accomplished, the perforator 27 will then be armed once 
the arm 30 has extended the minimum predetermined 
strokes previously mentioned. Once the arm 30 has shifted 
the perforator 27 into a safe position, it can, of course, 
be actuated upon a second attempt. 

After the perforator 27 has been actuated, it is neces 
sary, of course, to retrieve the perforating apparatus 24 
by pulling it back through the open end 17 of the tubing 
string 16 from which it had previously emerged. This 
may, however, prove to be a signi?cant feat. For ex 
ample, as best seen in FIG. 1, it is not at all uncommon 
for one or more of the tubing strings, such as at 19, to 
be deviated or “cork screwed” down through the casing 
12 in a particularly long isolated interval as between the 
widely spaced packers 22 and 23. Thus, as the suspension 
cable 28 is being manipulated to bring the perforator 27 
into a safe ?ring position at a selected depth, it is quite 
possible for the cable to become wrapped at least par 

1 tially around the adjacent tubing string 19. Should this 

RT 
or similar entanglements occur, it will be appreciated that 
if the extendible arm 30 were to continually urge the 
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perforating apparatus 24 against the casing '12 below 
the entanglement, the chances of freeing the cable 28 
would be substantially lessened. 

Accordingly, as will subsequently be described in 
greater detail, means 36 are provided for selectively re 
tracting the extendible arm 30. To eliminate the necessity 
of arranging special electrical circuitry or providing a 
separate conductor in the cable 28, the retracting means 
36 are made responsive to the actuation of the perfo 
rator 27. Thus, whenever the perforator 27 is actuated, 
the retracting means 36 operate to return the arm 30 to _ 
its initial retracted position. With the arm 30 retracted, 
the perforating apparatus 24 will again be freely sus 
pended from the cable 28. Once the apparatus 24 is freely 
suspended, it will be appreciated that a pull on the cable 
28 will be more likely to maneuver the apparatus around 
a tubing string to unwrap the cable therefrom. Similarly, 
should the cable 28 have entered a narrow space between 
the casing 12 and a bend in a tubing string, as at 19 
(FIG. 1), an upward pull on the cable will often slide 
the upper end of the apparatus 24 along the adjacent 
surfaces of the tubing and casing to bring the apparatus 
free of such an obstruction. 

Turning now to FIG. 4, a preferred embodiment is 
shown of the orienting device 26 of the present invention 
having the above-described means 35 and 36. The orient 
ing device 26 includes ‘a tubular housing 37 having an 
elongated longitudinal slot 38 along one side thereof and 
closure members 39 and 40 at each end of the housing. 
A tubular sub 41 ?uidly sealed by O-rings 42 and secured 
over the upper end-closure member 39 connects the ori 
enting device 26 to the casing-collar locator 25 and sus 
pension cable 28 (FIG. 1) as well as encloses an elec 
trical switch 43 and other electrical components (not 
shown). Similarly, the lower end-closure member 40 is 
?uidly sealed by O-rings 44 and secured within the upper 
end of a tubular perforator carrier 45. Means, such as a 
key or set screw 46 inserted through the carrier 45 into 
the end-closure member 40, are provided to co-rotatively 
secure the carrier in a known, ?xed radial position relative 
to the orienting device 26. Thus, as best seen in FIG. 4, 
the lateral direction of perforation 31 of the shaped 
charges 32 (only one shown) within the carrier 45 is 
?xed diametrically opposite from the elongated slot 38 
in the housing 37. 
The orienting arm 30 is comprised of an elongated 

member 47 having its upper end dependently secured to 
the outer end of a bifurcated arm 48 of a bell crank 49 
and its lower free end 34 curved inwardly and arranged 
to be pivoted outwardly and upwardly through the elon 
gated housing slot 38. The bell crank 49 is pivotally 
mounted at its fulcrum by a transverse pin 50 passing 
through the housing 37 on its opposite side from the elon 
gated slot 38. To reduce the orienting device 26 to a 
minimum diameter commensurate with the internal di 
ameters of smaller tubing strings, the bell crank 49 is 
arranged with its bifurcated arm 48 extending down 
wardly at an angle from the pivot pin 50 and its other 
arm 51 extending upwardly therefrom a short distance 
into the housing 37. 
T o urge the arm 30 outwardly, an elongated leaf spring 

member 52 having end portions 53 land 54 tapering 
slightly from an enlarged central portion 55 is extended 
longitudinally within the housing 37 parallel to and op 
posite from the slot 38, with the central portion being 
con?ned therein between a transverse pin 56 through the 
housing and the inside surface of the housing wall 57 
opposite the slot. The upper end portion 53 of the spring 
member 52 is ?exed inwardly slightly toward the slot 
38 and passed through the bifurcated crank arm 48 where 
its upper end 58 is engaged with the rounded upper end 
59 of the shorter crank arm 51. A screw 60 through the 
lower end portion 54 of the spring member 52 has its 
head con?ned within a recess 61 in the inner surface of 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

70 

75 

6 
the housing wall 57 to provide an adjustment for the 
spring member. , 

Thus, when the orienting arm 30 is in the retracted 
position depicted in FIG. 4, the spring 52 will impose an 
outwardly directed lateral force 62 on the upper end 59 
of the shorter crank arm 51, which force will tend to 
rotate the orienting arm 30 outwardly in a counterclock 
wise direction around its pivot 50. It will be appreciated 
that as the adjustment screw 60 is unthreaded, the lower 
end portion 54 of the spring 52 will be shifted inwardly. 
Accordingly, as its lower end portion 54 is moved fur 
ther under the transverse pin 56, the spring 52 will be 
?exed still further and, thereby, further increase the 
lateral force 62 acting outwardly on the crank arm end 
59. 
The disabling means 35 include the electrical switch 

43 that is appropriately mounted in the tubular sub 41 
to align its actuator 63 with a longitudinal bore 64 
through the upper end-closure member 39. A rod 65 hav 
ing its upper end slidably received within a conventional 
stuf?ng box 66 through the longitudinal bore 64 is 
threadedly connected at its lower end to a transverse 
member 67 loosely con?ned within slots 68 on the op 
posed sides of the bifurcated crank arm 48. A contact 
pin 69 is slidably received within a blind coaxial bore in 
the upper end of the actuating rod 65 and normally urged 
upwardly by a spring (not shown) within the blind bore. 
To vary the spacing between the switch actuator 63 and 
upper end of the contact pin 69, an adjusting wheel 70 is 
slidably mounted around a square central portion 71 of 
the actuating rod 65 above the threads 72 at its lower end. 
The opposite peripheral edges of the adjusting wheel 70 
are con?ned within lateral circumferential grooves 73 on 
opposite sides of the housing 37. Thus, by rotating the 
adjusting wheel 70 in the appropriate direction, the actu 
ating rod 65 may be-shifted either upwardly or down 
wardly through the wheel to position the contact pin 69 as 
desired in relation to the switch actuator 63. 
To restrain the orienting arm 30 in its retracted posi 

tion illustrated in FIG. 4, releasable latching means 74 
are provided. The latching means 74 includes a pivotally 
mounted latch 75 having a notch 76 on one end 77 there 
of that receives the lower end 34 of the orienting arm 30. 
Releasing means, such as an electrically initiated explo~ 
sive squib 78 having a rigid body engaged between the 
other end 79 of the latch 75 and lower end-closure mem— 
ber 40, are provided to prevent the latch from rotating 
about its pivot pin 80 until it is desired to release the 
orienting arm 30. To detonate the squib 78, an electrical 
conductor 81 is con?ned within a sealed conduit 82 that 
extends between the upper and lower closure members 
39 and 40. As will be subsequently described, the conduc 
tor 81 is connected to the squib 78 to permit its selective 
detonation upon command from the surface. 

Thus, as best seen in FIG. 4, so long as the latch 75 
is prevented from rotating by the squib 78,‘ the lower end 
34 of the extendible arm 30 will be con?ned within the 
latch notch 76 and cannot be extended. With the arm 30 
in this position, the actuating rod 65 is adjusted so that 
the contact pin 69 does not engage the switch actuator 63. 
To release the extendible arm 30, it is only necessary 

to detonate the squib 78. As best seen in FIG. 5, upon de 
tonation of the squib 78, its upper portion is disintegrated 
thereby freeing the pivotal latch 75 for clockwise rotation. 
Once the latch 75 is freed, the laterally directed force 62 
from spring 52 against the outer rounded end 59 of 
the bell crank 49 will rotate the orienting arm 30 in a 
counterclockwise direction around its pivot 50. As the 
free arm end 34 swings upwardly and outwardly, the 
transverse member 67 will shift the actuating rod 65 lon 
gitudinally upwardly. It will be realized, of course, that 
the loose ?t of the transverse member 67 within the op 
posed slots 68 permits the actuating rod 65 to move 
smoothly in a longitudinal direction as the bifurcated 
crank arm 48 pivots. By properly adjusting the wheel 70, 
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the contact pin 69 is positioned to depress the switch actu 
ator 63 whenever the extendible arm 30 has reached a 
predetermined extended position. Then, should the ex 
tendible arm 30 move further outwardly, the spring 
loaded contact pin 69 will maintain the actuator 63 de 
pressed but will not be forced further upwardly to pos~ 
sibly damage the switch 43. 

Turning now to the selectively operable means 36 for 
retracting the extendible arm 30. As best seen in FIG. 4, 
the lower closure member 40 is bored from its opposite 
ends to provide a pair of longitudinal blind bores 83 and 
84. The bores are interconnected by a longitudinal pas 
sage 85 extending from the blind end of the lower bore 
84 to an intersection with a transverse passage 86 that 
joins the upper portion of the upper bore 83 and is closed 
at its outer end by a suitable closure member 87. If de 
sired, the closure member 87 may be arranged to serve 
as a ?ow restrictor to regulate the ?ow rate through the 
passages 85 and 86. A slidable piston member 88 is ?uidly 
sealed within the lower bore 84 by an O-ring 89 and con 
?ned therein by a suitable stop member 90 at the bore’s 
lower end. A second slidable piston member 91, ?uidly 
sealed within the upper bore 83 by an O-ring 92, has a 
piston rod 93 extending upwardly therefrom and through 
a stuffing box 94 sealingly ?tted into the upper end of 
the upper bore 83. 
A follower rod 95 couples the upper, exposed end of 

the piston rod 93 to a clevis 96 that is slidably con?ned 
within opposed grooves 97 on opposite sides of the hous 
ing 37. The spaced arms of the clevis 96 are extended up 
wardly around the bifurcated crank arm 48 and support 
the opposite ends of the transverse member 67. Thus, it 
will be appreciated that whenever the bell crank 49 pivots 
to swing the extendible arm 30 outwardly and draw the 
clevis 96 upwardly, the follower rod 95 and piston rod 
93 will pull the piston 91 upwardly. 

Accordingly, when the longitudinal bores 83 and 84 and 
interconnecting passages 85 and 86 are ?lled with a suit 
able hydraulic ?uid 98, it will be appreciated that as the 
piston 91 is pulled upwardly, ?uid will be displaced from 
the upper bore 83 through the interconnecting passages 
and into the lower bore 84. As the hydraulic ?uid 98 is 
displaced into the lower bore 84, the lower piston 88 will 
be forced downwardly a distance that is proportionately 
related to the lateral distance which the extendible arm 30 
swings outwardly. Conversely, it will also be realized that 
by forcing the lower piston 88 upwardly to its initial posi 
tion, the upper piston 91 will be returned to its initial 
position as the hydraulic ?uid 98 is displaced back into the 
upper bore 83. 

It will be appreciated that the interior of the carrier 
45 will remain at substantially atmospheric pressure so 
long as it is not opened, as by the shaped charges 32 punc 
turing holes therein upon their successful detonation. 
Moreover, as the piston member 91 is drawn upwardly 
by the extension of the arm 30, the space 99 (FIG. 5) 
below the piston will be at a slightly sub-atmospheric pres 
sure. Accordingly, as best seen in FIG. 6, whenever the 
shaped charges 32 in the sealed carrier 45 are detonated, 
?uids 100‘ in the well bore 20 (FIG. 1) will be admitted 
through the perforated carrier wall to impose their pres 
sure against the underside of the piston member 88 and 
force it upwardly. 
As the ?uids 100 in the well bore 20 force the lower 

piston ‘88 upwardly, the hydraulic ?uid 98 will be displaced 
from the lower piston bore 84 and back into the upper pis 
ton bore 83 by way of the interconnecting passages 85 
and 86 to force the upper piston 91 downwardly to its 
initial position. As the upper piston 91 moves downwardly, 
the piston rod 93 will, of course, return the follower rod 
95 and clevis 96 to their initial positions. As the clevis 
96 moves downwardly, the transverse member 67 will 
restore the actuating rod 65 as well as the bell crank 49‘ to 
their original positions. It will be recognized, of course, 
that the lower piston 88 and hydraulic ?uid 98 could be 
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8 
omitted and allow the well ?uids 100 to enter the upper 
piston bore 83 instead. This is not desirable, however, in 
asmuch as it would be necessary to clean the retracting 
means 36 after each operation. 
To resecure the arm 30 in its retracted position, a ?at 

leaf spring 101 is secured at one end within the housing 
37 by a transverse pin 102 and has an inwardly hooked 
free end 103 engaging the pivotal latch end 77 adjacent 
to the arm-retaining notch 76. By bowing the latch spring 
101 over a second transverse housing pin 104 interme 
diate of the spring ends, the spring is ?exed to urge the 
hooked spring end 103 against the latch end 77'. Thus, 
as the extendible arm 30 is retracted, its lower end 34 
will reenter the notch 76 on the pivotal latch 75 to re 
store the latch to its initial position. 
The continued application of hydrostatic pressure will 

displace the upper piston member 91 until it has reached 
the bottom of the upper piston chamber or bore 83. It 
will be noted by comparison of FIGS. 2 and 6, that the 
piston member 91 will return to a final position slightly 
lower than the position it initially occupied as in FIG. 4. 
This slightly increased displacement of the upper piston 
member 91 will, of course, pull the interconnecting linkage 
elements further downwardly than initially positioned to 
bring the lower end 34 of the orienting arm 30- inwardly a 
slight distance further than originally. Thus, as the lower 
free end 34 of the orienting arm 30 moves inwardly this 
slight increased distance, the pivotal latch 75 will be ro 
tated su?iciently for the hooked free end 103 of the latch 
spring 101 to receive the nose of the upper latch arm 77 
and latch it against further rotation. It will be appre— 
ciated, therefore, that once the hooked free end 103 of the 
latch spring 101 is engaged over the nose of the pivotal 
latch arm 77, the extendible arm 30 will be ?rmly secured 
in its retracted position to permit the perforating appa 
ratus 24 to be freely manipulated as required to retrieve 
it in the manner already described. 

It should be especially noted that the outer end 59 of 
the bell crank 49 is preferably shaped in such a manner 
that the e?ective moment arm on which the lateral spring 
force 62 is applied will increase as the extendible arm 
30 swings further outwardly. Thus, inasmuch as the lat 
eral force 62 of the spring 52 will decrease as it ap 
proaches its relaxed position, the effective moment arm on 
which the laterally directed spring force is acting is in 
creased so as to move the extendible arm 30 outwardly 
with a force 105 (FIG. 5) that is somewhat constant. 
Thus, even though the force 62 applied to the short crank 
arm 51 will decrease as the extendible arm 30 approaches 
the end of its stroke, the increased length of the moment 
arm will insure that the outwardly directed force 105 that 
is available on the free end 34 of the extendible arm will 
always be su?icient to displace the perforating apparatus 
24 laterally in the diametrically opposite direction. 

Turning now to FIG. 7, a wiring diagram is shown of a 
typical ?ring circuit that may be employed with the per 
forating apparatus 24. The central conductor 106 of the 
cable 28 is divided and connected to the common contact 
107 of the switch 43 and to a polarity-responsive device, 
such as a diode 108. The opposite end of the diode 108 is 
connected by conductor 81 to the initiator of the explosive 
squib 78. Thus, whenever a positive voltage is applied 
to the central conductor 106, the explosive squib 718 Will 
be detonated. This, as previously described, releases the 
orienting arm 30. Then, whenever the orienting arm 30 
has been extended a su?‘icient distance to permit the ac 
tuating rod 65 to close the switch 43, the central conduc 
tor 106 will be connected through the switch to another 
diode 109 oppositely poled to the other diode 108. When 
ever a negative voltage is applied to the central conductor 
106, current will ?ow therefrom by a conductor 110 to a 
conventional blasting cap 111 for detonating the shaped 
charges 32 in the usual manner. It should be noted that, 
if desired, the switch 43 could also be suitably arranged 
to provide a visual indication at the surface whenever the 
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orienting arm '30 has been suf?ciently extended to insure 
that the perforator 27 is safely positioned. _ 

Turning now to FIG. 8, an alternate embodiment is 
shown of the lowermost portion of an orienting device 26’ 
that is suitably arranged to employ the present invention 
with a perforator comprised of encapsulated shaped 
charges (not shown) that are supported from an expend 
able support 112, such as those shown in Patent Nos. 
3,048,101 or 3,100,443, and having the charges facing 
generally in one lateral direction. It will be recognized 
that Where such expendable supports are used, the ?uids 
in the well are in contact with the shaped charges. Thus, 
to permit the orienting device 26' of the present invention 
to be used with such perforat-ors, the bottom of the lower 
end-closure member 40' is sealingly enclosed by a fran 
gible cap 113 having a weakened portion 114 adjacent to 
the open end of the lower bore 84’. Then, by extending 
the detonating cord 115 to within close proximity of the 
cap 113, upon detonation of the detonating cord, the 
weakened portion 114. will be fractured to admit ?uids in 
the well into the lower end of the piston bore 84’. The 
orienting device 26' is otherwise arranged in the same 
manner as that shown at 26 in FIGS. 4-6. 
Turning now to the operation of the orienting device 

26. FIGS. 4-6 show the successive positions of the orient 
ing device 26 as the perforating apparatus 24 is manipu 
lated in the manner already described with reference to 
FIGS. 1—3. Prior to placing the apparatus 24 into a tub 
ing string such as 16 (FIG. 1), the adjustment wheel 
70 is rotated to bring the actuating rod 65 into a proper 
spatial relation with the switch actuator 63. By knowing 
the diameters of the casing 12 and the smallest of the 
other tubing strings 18 or 19 therein at the depth of 
perforation, this spatial relation can be adjusted where 
the switch 43 will not be closed until the arm 30 has 
moved to a predetermined extended position. It will be 
appreciated that until the free arm end 34 can so move 
that it is laterally spaced from the opposite housing wall 
57 a distance at least slightly greater than shown in full 
line in FIG. 3, it is best not to risk actuating the per 
forator 27. Thus, by predetermining what maximum stroke 
of the orienting arm 30 might still be possible with the 
apparatus 24 in the full-line position shown in FIG. 3, the 
actuating rod 65 may be readily adjusted to leave the 
switch 43 open until the arm is unquestionably extended a 
safe distance. ' 

Accordingly, it will be recognized that FIG. 4 illus 
trates the orienting device 26 as it will appear until such 
time that the orienting arm 30 has been released. In 
this position, the orienting arm 30 is fully retracted to 
enable the orienting device 26 to pass freely through a 
tubing string, such as at 16 in FIG. 1. So long as the ex 
plosive squib 78 is not detonated, the pivotal latch 75 se 
cures the orienting arm 30 in its retracted position which, 
in turn, holds both the actuating rod 65 as Well as the 
piston 91 in their lowermost positions. Once the per 
forating apparatus 24 emerges from the lower, open end 
17 of the string 16 and has reached the approximate depth 
for perforating, the squib 78 is detonated. This frees the 
pivotal latch 75 and enables the spring 52 to urge the ex 
tendible arm 30 outwardly until it has reached either an 
adjacent tubing string 18 or 19 or the internal Wall of the 
casing 12. 
As the arm 30 swings outwardly, the linkage intercon 

necting it to the piston rod 93 pulls the piston 91 up 
wardly and displaces hydraulic fluid 98 from the piston 
bore 83 to shift the other piston 88 downwardly into the 
position shown in FIG. 5. If, perchance, the perforating 
apparaus 24 is fortuitously positioned as illustrated in 
FIG. 2, the arm 30 will, of course, swing outwardly a 
sufficient distance to close the switch 43. Nevertheless, so 
long as the orienting arm 30 has not moved outwardly a 
su?icient distance calculated to insure that the perforator 
27 is not in an undesired position, as in FIG. 3, the actuat 
ing rod 65 will not have shifted upwardly a su?icient 
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distance to actuate the switch 43. Accordingly, as pre 
viously explained, so long as the switch 43 remains open, 
the ?ring circuit to the shaped charges 32 remains open 
thereby preventing their detonation. 

Once, however, the perforating apparatus 24 has been 
sufficiently manipulated for the extendible arm 30 to 
move the perforator 27 into engagement with the casing 
12, the contact pin 69 will depress the switch actuator 
63 to close the switch 43. 
As already described, once the perforating apparatus 24 

has been positioned where its lateral direction of perfora 
tion 31 is directed away from an adjacent tubing string, 
the perforator 27 may be safely actuated. Once the shaped 
charges 32 are detonated, the sealed carrier 45 will be 
.punctured by the resultant perforating jets to admit ?uids 
in the well bore. As these ?uids 100 rush into the carrier 
45, the piston 88 will be bottomed in the bore 84 and, by 
operation of the other piston 91 and interconnecting link— 
age, retract the arm 30. Once the arm 30 has returned 
sufficiently to allow the latch spring 101 to hook the 
nose 77 of the pivotal latch 75, the free end 34 of the arm 
will be secured in the position seen in FIG. 6. Then, With 
the arm 30 secured, the perforating apparatus 24 is free 
of any lateral restraint to facilitate its successful return 
into the lower, open tubing end 17 and safe recovery. 
The alternate embodiment 26’ depicted in FIG. 8 will, 

of course, operate in the same manner. Upon detonation 
of the encapsulated shaped charges therebelow, the deto 
nation of the extension of the detonating cord 115 will 
fracture the weakened portion 114 of the frangible cap 
113 to admit ?uids from the well into the lower portion 
of the piston bore 84’. Once these ?uids enter the piston 
bore 84’, the orienting device 26' will function as already 
described. 

Accordingly, it will be appreciated that the present 
invention has provided means for positively orienting a 
perforator having a selected lateral direction of perfora 
tion in such a manner that the perforator will be posi 
tively directed away from an adjacent tubing string. More 
over, the perforator will be positively disabled until such 
time that it faces in a safe direction. Then, once the 
perforator is actuated, the present invention provides 
means for subsequently retracting the orienting arm to 
facilitate the withdrawal of the perforating apparatus. 

While particular embodiments of the present invention 
have been shown and described, it is apparent that changes 
and modi?cations may be made without departing from 
this invention in its broader aspects; and, therefore, the 
aim in the appended claims is to cover all such changes 
and modi?cations as fall within thetrue spirit and scope 
of this invention. 
What is claimed is: 
1. For use in a well bore including ?rst and second 

pipe strings of unequal length terminating at vertically dis 
placed intervals, perforating apparatus adapted for pas— 
sage through the shorter of the pipe strings comprising: 
perforating means having a selected lateral direction of 
perforation; orienting means on said perforating apparatus 
and laterally movable with respect thereto between a 
normal retracted position permitting passage of said per 
forating apparatus through the shorter string and an ex 
tended position against an opposing surface in a well bore 
diametrically opposite said direction of perforation; means 
for moving said orienting means to said extended posi 
tion; and means on said perforating apparatus for re 
turning said orienting means to said retracted position. 

2. For use in a well bore including ?rst and second pipe 
strings of unequal length terminating at vertically dis 
placed intervals, perforating apparatus adapted for pas 
sage through the shorter of the pipe strings comprising: 
perforating means having a selected lateral direction of 
perforation; orienting means movably ‘connected to said 
perforating apparatus and laterally movable with respect 
thereto between a normal retracted position permitting 
passage of said perforating apparatus through the shorter 



3,338,317 
11 

‘string and an extended position against an opposing sur 
face in a well bore diametrically opposite said direction of 
perforation; means for moving said orienting means to 
said extended position to urge said perforating apparatus 
in said direction of perforation; and means responsive 
to actuation of said perforating means for returning said 
orienting means to said retracted position. 

3. For use in a well bore including ?rst and second pipe 
strings of unequal length terminating at vertically dis 
placed intervals, perforating apparatus adapted for pas 
sage through the shorter of the pipe strings comprising: 
electrically-detonated perforating means having a selected 
lateral direction of perforation; orienting means movably 
connected to said perforating means and laterally mov 
able with respect thereto between a normal retracted posi 
tion permitting passage of said perforating apparatus 
through the shorter string and an extended position dia 
metrically opposite said direction of perforation; means 
for moving said orienting means to said extended posi 
tion against an opposing surface in a well bore to urge 
said perforating apparatus in said direction of perfora 
tion; switch means for disabling said perforating means 
until said orienting arm has moved to said extended posi 
tion; and means responsive to actuation of said perforat 
ing means for returning said orienting means to said re 
tracted position. 

4. For use in a well bore including ?rst and second pipe 
strings of unequal length terminating at vertically dis 
placed intervals, perforating apparatus adapted for pas 
sage through the shorter of the pipe strings comprising: 
a perforator including perforating means having a se 
lected lateral direction of perforation; an orienting arm 
movably connected to said perforator and laterally mov~ 
able with respect thereto between a normal retracted 
position permitting passage of said perforating apparatus 
through the shorter string and an extended position dia 
metrically opposite said direction of perforation; means 
for moving said orienting arm to said extended position; 
and means for returning said orienting arm to said re 
tracted position including a portion of said apparatus hav 
ing a bore therein, a piston slidably disposed in said bore 
and ?uidly sealed therein to de?ne a sealed space in said 
bore on one side of said piston, means connecting said 
piston to said orienting arm, and means responsive to ac 
tuation of said perforator for admitting well pressure into 
said bore on the other side of said piston to move said 
piston and retract said orienting arm. 

5. For use in a well bore including ?rst and second pipe 
strings of unequal length terminating at vertically dis 
placed intervals, perforating apparatus adapted for pas 
sage through the shorter of the pipe strings comprising: a 
perforator including perforating means having a selected 
lateral direction of perforation; an orienting arm movably 
connected to said perforator and laterally movable with 
respect thereto between a normal retracted position per 
mitting passage of said perforating apparatus through the 
shorter string and an extended position diametrically op 
posite said direction of perforation; means for moving 
said orienting arm to said extended position; and means 
for returning said orienting arm to said retracted posi 
tion including a portion of said apparatus having a bore 
therein, a piston slidably disposed in said bore and ?uidly 
sealed therein to de?ne a sealed space in said bore on one 
side of said piston, means connecting said piston to said 
orienting arm, and means normally preventing communi 
cation of well bore pressure into said bore and opened by 
detonation .of said perforating means to admit such pres 
sure into said bore on the other side of said piston to 
move said piston and retract said orienting arm. 

6. For use in a well bore including ?rst and second pipe 
strings of unequal length terminating at vertically dis 
placed intervals, perforating apparatus adapted for pas 
sage through the shorter of the pipe strings comprising: a 
perforator including electrically-detonated perforating 
means having a selected lateral direction of perforation; 
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an orienting arm movably connected to said perforator 
and laterally movable with respect thereto between a nor 
mal retracted position permitting passage of said perforat 
ing apparatus through the shorter string and an extended 
position diametrically opposite said direction of perfora 
tion; means for moving said orienting arm to said ex 
tended position; switch means for disabling said perforat 
ing means until said orienting arm has moved to said 
extended position; and means for returning said orienting 
arm to said retracted position including a portion of said 
apparatus having a bore therein, a piston slidably disposed 
in said bore and ?uidly sealed therein to de?ne a sealed 
space in said bore on one side of said piston, means con 
necting said piston to said orienting arm, and means nor 
mally preventing communication of well bore pressure 
into said bore and opened by detonation of said perforat 
ing means to admit such pressure into said bore on the 
other side of said piston to move said piston and retract 
said orienting arm, 

7. For use in a well bore including ?rst and second 
pipe strings of unequal length terminating at vertically dis 
placed intervals, perforating apparatus adapted for pas 
sage through the shorter of the pipe strings comprising: 
a body having a bore therein; encapsulated shaped charge 
means having a selected lateral direction of perforation 
connected to said body; orienting means movably mounted 
on said body and laterally movable between a retracted 
position permitting passage of said perforating apparatus 
through the shorter string and an extended position against 
an opposing surface in the well bore diametrically oppo 
site said direction .of perforation; means for moving said 
orienting means to said extended position; and means for 
returning said orienting means to said retracted position 
including a slidable piston ?uidly sealed in said bore and 
defining a sealed space therein on one side of said piston, 
means connecting said piston to said orienting means, 
passage means between said bore on the other side of 
said piston and the exterior of said body, means releas 
ably sealing said passage means, and explosive means 
between said shaped charge means and passage-sealing 
means for releasing said passage-sealing means upon deto 
nation of said shaped charge means to admit well bore 
pressure into said passage means. 

8. For use in a well bore including ?rst and second 
pipe strings of unequal length terminating at vertically 
displaced intervals, perforating apparatus adapted for 
passage through the shorter of the pipe strings compris 
ing: a body having a bore therein; encapsulated shaped 
charge means having a selected lateral direction of perfo 
ration connected to said body; an orienting arm pivotally 
mounted to said body and having a free end arranged to 
move laterally between a retracted position adjacent to 
said body and an extended position against an opposing 
surface in the well bore diametrically opposite said di 
rection of perforation; spring means urging said orienting 
arm toward said extended position; means releasably hold 
ing said orienting arm in said retracted position and 
selectively operable to release said orienting arm; and 
means for returning said orienting arm to said retracted 
position including a slidable piston ?uidly sealed in said 
bore and de?ning a sealed space therein on one side 
of said piston, means connecting said piston to said 
orienting arm, passage means between said bore on the 
other side of said piston and the exterior of said body, 
means releasably sealing said passage means, and ex 
plosive means between said shaped charge means and 
passage-sealing means for releasing said passage-sealing 
means upon detonation of said shaped charge means to 
admit well bore pressure into said passage means. 

9. For use in a well bore including ?rst and second 
pipe strings of unequal length terminating at vertically 
displaced intervals, perforating apparatus adapted for 
passage through the shorter of the pipe strings compris 
ing: a body having abore therein; encapsulated shaped 
charge means having a selected lateral direction of perfo 
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ration connected to said body; an orienting arm pivotally 
mounted to said body and having a free end arranged to 
move laterally between a retracted position adjacent to 
said body and an extended position against an opposing 
surface in the well bore diametrically opposite said di 
rection of perforation; spring means urging said orienting 
arm toward said extended position; means releasably 
holding said orienting arm in said retracted position and > 
selectively operable to release said orienting arm; means 
for returning said orienting arm to said retracted position 
including a ?rst slidable piston ?uidly sealed in said bore 
and de?ning a sealed space therein on one side of said 
piston, means connecting said piston to said orienting 
arm, passage means ‘between said bore on the other side 
of said piston and the exterior of said body, a second 
slidable piston ?uidly sealed in said passage means and 
de?ning a ?uid-tight chamber between said pistons, hy 
draulic ?uid ?lling said ?uid-tight chamber, means re 
leasably sealing said passage means between said second 
piston and body exterior, and explosive means between 
said shaped charge means and passage-sealing means for 
releasing said passage-sealing means upon detonation of 
said shaped charge means to admit well bore pressure 
into said passage means and shift said pistons; and latching 
means for securing said orienting arm upon its return 
to said retracted position. 

10. For use in a Well bore including ?rst and second 
pipe strings of unequal length terminating at vertically 
displaced intervals, perforating apparatus adapted for 
passage through the shorter of the pipe strings compris 
ing: a body having a bore therein; electrically-detonated 
encapsulated shaped charge means having a selected lat 
eral direction of perforation connected to said body; an 
orienting arm pivotally mounted to said body and having 
a free end arranged to move laterally between a re 
tracted position adjacent to said body and an extended 
position against an opposing surface in the well bore 
diametrically opposite said direction of perforation; spring 
means urging said orienting arm toward said extended 
position; means releasably holding said orienting arm in 
said retracted position and selectively operable to release 
said orienting arm; switch means for disabling said shaped 
charge means until said orienting arm has moved to said 
extended position; means for returning said orienting 
arm to said retracted position including a ?rst slidable 
piston ?uidly sealed in said bore and de?ning a sealed 
space therein on one side of said piston, means connect 
ing said piston to said orienting arm, passage means be 
tween said ‘bore on the other side of said piston and the 
exterior of said body, a second slidable piston ?uidly 
sealed in said passage means and de?ning a ?uid-tight 
chamber between said pistons, hydraulic ?uid ?lling said 
?uid-tight chamber, means releasably sealing said passage 
means between said second piston and body exterior, 
and explosive means between said shaped charge means 
and passage-sealing means for releasing said passage 
sealing means upon detonation of said shaped charge 
means to admit well bore pressure into said passage means 
and shift said pistons; and latching means for securing 
said orienting arm upon its return to said retracted posi 
tion. 

11. For use in a well bore including ?rst and second 
pipe strings of unequal length terminating atvertically 
displaced intervals, perforating apparatus adapted for 
passage through the shorter of the pipe strings compris 
ing: a sealed carrier; shaped charge means in said car 
rier and having a selected lateral direction of perforation 
intersecting a wall of said carrier; orienting means mov 
ably mounted on said perforating apparatus and laterally 
movable with respect thereto between a normal retracted 
position permitting passage of said perforating apparatus 
through the shorter string and an extended position against 
an opposing surface in a well bore diametrically opposite 
said direction of perforation; means for moving said 
orienting means to said extended position to urge said 
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14 
perforating apparatus in said direction of perforation; 
and hydraulic means responsive to entrance of ?uid into 
said carrier upon perforation of said carrier wall by said 
shaped charge means for returning said orienting means 
to said retracted position. 

12. For use in a well bore including ?rst and second 
pipe strings of unequal length terminating at vertically dis 
placed intervals, perforating apparatus adapted for pas 
sage through the shorter of the pipe strings comprising: 
a sealed carrier; shaped charge means in said carrier and 
having a selected lateral direction of perforation intersect 
ing a wall of said carrier; a body having a bore therein 
and connected to said carrier; orienting means movably 
mounted on said body and laterally movable between a 
retracted position permitting passage of said perforating 
apparatus through the shorter string and an extended 
position against an opposing surface in the well bore 
diametrically opposite said direction of perforation; means 
for moving said orienting means to said extended posi 
tion; and means for returning said orienting means to 
said retracted position including a slidable piston ?uidly 
sealed in said bore and de?ning a sealed space therein on 
one side of said piston, means connecting said piston to 
‘said orienting means, and passage means between said 
bore on the other side of said piston and the interior of 
said carrier. 

13. For use in a well bore including ?rst and second 
pipe strings of unequal length terminating at vertically 
displaced intervals, perforating apparatus adapted for 
passage through the shorter of the pipe strings compris 
ing: a sealed carrier; shaped charge means in said car 
rier and having a selected lateral direction of perfora 
tion intersecting a wall of said carrier; a body having a 
bore therein and connected to said carrier; an orienting 
arm pivotally mounted to said body and having a free end 
arranged to move laterally between a retracted position 
adjacent to said body and an extended position against 
an opposing surface in the well bore diametrically oppo 
site said direction of perforation; spring means urging said 
orienting arm toward said extended position; means re 
leasably holding said orienting arm in said retracted po 
,‘sition and selectively operable to release said orienting 
arm; and means for returning said orienting arm to said 
retracted position including a slidable piston ?uidly sealed 
in said bore and de?ning a sealed space therein on one 
side of said piston, means connecting said piston to said 
orienting arm, and passage means between said bore on 
the other side of said piston and the interior of said 
carrier. 

14. For use in a well bore including ?rst and second 
pipe strings of unequal length terminating at vertically 
displaced intervals, perforating apparatus adapted for pas 
sage through the shorter of the pipe strings comprising: a 
sealed carrier, shaped charge means in said carrier and 
having a selected lateral direction of perforation inter 
secting a wall of said carrier; a body having a bore there 
in and connected to said carrier; an ‘orienting arm pivot 
ally mounted to said body and having a free end arranged 
to move laterally between a retracted position adjacent 
to said body and an extended position against an oppos 
ing surface in the well bore diametrically opposite said 
direction of perforation; spring means urging said orient 
ing arm toward said extended position; means releasably 
holding said orienting arm in said retracted position and 
selectively operable to release said orienting arm; means 
for returning said orienting arm to said retracted posi 
tion including a ?rst slidable piston ?uidly sealed in said 
bore and de?ning a sealed space therein on one side of 
said piston, means connecting said piston to said orient~ 
ring arm, passage means between said bore on the other 
side of said piston and the interior of said carrier, a sec 
ond slidable piston ?uidly sealed in said passage means 
and de?ning a ?uid-tight chamber between said pistons, 
and hydraulic ?uid ?lling said ?uid-tight chamber; and 
latching means for securing said orienting arm upon its 
return to said retracted position. 
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15. For use in a well bore including ?rst and second 
pipe strings of unequal length terminating at vertically 
displaced intervals, perforating apparatus adapted for pas 
sage through the shorter of the pipe strings comprising: 
a ‘sealed carrier; electrically-detonated shaped charge 
means in said carrier and having a selected lateral direc 
tion of perforation intersecting a wall of said carrier; a 
body having a bore therein and connected to said carrier; 
an orienting arm pivotally mounted to said body and 
having a free end arranged to move laterally between a 
retracted position adjacent to said body and an extended 
position against an opposing surface in the well bore di 
ametrically opposite said direction of perforation; spring 
means urging said orienting arm toward said extended 
position; means releasably holding said orienting arm in 
said retracted position and selectively operable to release 
said orienting arm; switch means for disabling said shaped 
charge means until said orienting arm has moved to said 
extended position; means for returning said orienting arm 
to said retracted position including a ?rst slidable piston 
?uidly sealed in said bore and de?ning a sealed space 
therein on one side of said piston, means connecting said 
piston to said orienting arm, passage means between said 
bore on the other side of said piston and the interior of 
said carrier, a second slidable piston ?uidly sealed in said 
passage means and de?ning a ?uid-tight chamber be 
tween said pistons, and hydraulic fluid ?lling said ?uid 
tight chamber; and latching means for securing said ori 
enting arm upon its return to said retracted position. 

16. As a sub-combination, apparatus adapted for con 
nection to a well tool comprising: a body having a longi— 
tudinal opening along one side thereof; an arm member 
pivotally mounted at an intermediate point to said body 
and having a free end portion arranged relative to said 
opening for movement therethrough between a retracted 
position within said body and an extended position ex 
terior thereof; spring means between the other end por 
tion of said arm member and said body for urging said 
free arm portion toward said extended position; means 
holding said arm member in said retracted position in 
cluding a rigid member detonatable to fracture said rigid 
member and release said arm member for movement to 
said extended position; switch means on said body; switch 
actuating means between said switch means and arm 
member and responsive to movement of said arm member 
for operating said switch means in one of said arm mem 
ber positions; arm-retracting means including a slidable 
piston ?uidly sealed in said body, means connecting said 
piston to said- arm member, means fluidly sealing said con 

10 

15 

20, 

35 

40 

45 

' said piston; 

16 
necting means to de?ne an enclosed space between said 
piston and arm member, and passage means adapted 
for communicating a pressure di?erential across said pis 
ton; and latching means for securing said arm member 
upon its return to said retracted position. 

17. As a sub-combination, apparatus adapted for con 
nection to a well tool comprising: a body having a longi-v 
tudinal opening along one side thereof; an arm member 
pivotally mounted at an intermediate point to said body 
and having a free end portion arranged relative to said 
opening for movement therethrough between a retracted 
position within said body and an extended position ex 
terior thereof; spring means between the other end por 
tion of said arm member and said body for urging said 
free arm portion toward said extended position; means 
holding said arm member in said retracted position in 
cluding a latch member pivotally mounted on said body 
and movable between an arm-engaging position and an 
arm-releasing position, a rigid member between said piv 
otal latch and body holding said latch in said arm-engag 
ing position, and explosive means adjacent to said rigid 
member selectively detonatable to fracture said rigid 
member and enable said pivotal latch to move to said 
arm-releasing position; switch means on said body; 
switch-actuating means between said switch means and 
arm member and responsive to movement of said arm 
member for operating said switch means in one of said 
arm member positions; arm-retracting means including a 
slidable piston ?uidly sealed in said body, means connect 
ing said piston to said arm member, means ?uidly seal 
ing said connecting means to de?ne an enclosed space be 
tween said piston and arm member, and passage means 
adapted for communicating a pressure differential across 

and latching means for securing said arm 
member upon its return to said retracted position includ 
ing means responsive to retractive movement of said arm 
member to return said pivotal latch to said arm-engaging 
position and means engageable with said pivotal latch 
upon its return to said arm-engaging position to resecure 
said arm member. 
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