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1. 
This invention concerns itself with methods 

and means for taking and recovering samples 
from the side walls of drill holes, and the like; 
and also certain improvements in electro-logging 
such drill holes, especially in reference to the 
taking of such samples. The features of the in 
vention have been devised with particular refer 
ence to the conditions existing in the drill holes 
of deep wells, but it will presently appear that 
certain of said features are not limited to use in 
connection. With such drill holes, and are of gen 
eral applicability to tests in drill holes. 
At the outset it may be noted that in deep well 
rilling it is frequently the practise to fiood the 

well with liquid or soft “mud' or the like, in order 
to Seal off the Well against the gas and other pres 
sures found at different strata; although in some 
cases such flooding is not or may not be resorted 
to. Still, when such flooding is used there exist 
very high fluid pressures in the lower reaches of 
the drill hole, up to five or ten thousand pounds 
per Square inch. It is a feature of the present 
invention that the same may be used with full 
benefit either in drill holes, which are thus fiooded 
or not. 
A further feature of the invention relates to the 

provision of a method and means for taking the 
Samples from the side Walls of the drill hole at 
exactly the pre-selected elevation or location, or 
Strata, which it is desired to examine in detail. 
In this connection it is to be noted that in deep 
holes, of the Order of ten thousand feet or more, 
the stretch of the cable let down in the hole will 
be such that, Without pre-calibration of said 
cable, Or resort to other. Special means or func 
tions, the instrument or device carried by the 
lower end of such cable may vary substantially 
from the estimated location thereof. As a conse 
quence, the samples may be taken from other 
than the intended location; and in the case of 
Strata, which are relatively thin it may be found 
that the samples have been taken from some 
other than the intended strata. An important 
feature of my present invention relates to the 
provision of means and method whereby the in 
dication of position or location of the test de 
vice or the “sampling head' may be very exactly 
given. Without reference to the measurement of 
the amount of cable let down into the hole. 

In connection. With the foregoing it is a feature 
of my present invention that I have provided 
method and means whereby the exact location of 
the sampling head may be known at all times by 
reference to an electro-logging sheet or curve, 
taken either during a previous operation, or dur 
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2 
ing the same operation as that in which the side 
Wall samples are being taken. In this connec 
tion I may here mention that there are in exten 
sive use at this time Various schemes of electro 
logging, some of which incorporate the feature cf 
plotting or taking curves indicative of the oil or 
other bearing strata; and One feature of my preS 
ent invention concerns itself with the relating or 
combining of such electro-logging operation, of 
whatever type, with the side-wall sampling op 
eration, so that the exact positioning of the Sain 
pling head will be assured by reference to the elec 
tro-logging indication. . 
In connection. With the foregoing it is also here 

noted that in certain electro-logging operations 
use is made of multi-Conductor cables, carrying 
several Conductors which are Selectively used dul'-. 
ing the plotting of the Several curves of the elec 
tro-log. It is a feature of my invention that I 
have provided side Wall Sainpling units Which may 
be joined or used together in as great a number 
of such units as desired, and that I have made 
provision for operating said units either selec 
tively or simultaneously to take their several san 
ples. It is a further feature of the present in 
vention that these units, or certain of them, may 
also be used as the electrodes, or may carry the 
electrodes, used in the electro-logging or indicat 
ing Operations. I have so arranged the parts that 
the same conductors in the cable may be used se 
lectively for the electro-logging or indicating op 
erations, and also for actuating the several sam 
pling units for sampling Operations, thereby 
greatly simplifying the scheme, while retaining 
all the advantages of both the electro-logging or 
indicating features, and the sampling features. 
A further feature of the invention relates to the 

side-Wall sampling unit itself. In this connection 
I have provided means for taking a sample of 
substantial size, and for retaining said sample ef 
fectively and bringing it to the Surface when the 
device is raised. in this connection it is noted 
that certain of the strata, to be sampled may be of 
considerable hardness and denseness; others of 
greater porosity, or softness; some dry; others 
very wet. I have provided a sampling head in 
the form of a cutter which is capable of drilling 
itself into the Wall of the bore hole, and retaining 
the cored out material effectively within itself. 
In this connection I have provided for giving to 
said cutter head rotary as Well as translatory no 
tion during the cutting or sampling operation, 
and I have also provided a cutter head of such 
form that it will effectively cut or core out a sam 
ple of substantial size during the projecting op 
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eration during which said cutter head is being 
driven into the wall of the bore hole. I have also 
made provision for subsequently Withdra Wing 
said cutter head from the side Wall back into the 
unit of which it constitutes a part, so that after 
the sampling operation has been performed Said 
cutter head will not remain projecting beyond the 
confines of the unit proper. This Will make it 
possible to withdraw said unit to the Surface 
without interference from the Walls of the bore 
hole, which are rough and uneven, and of Vary 
ing separation. I have also made provision for 
effecting such withdrawing operation in Such 
manner that the already cut-out material of the 
sample will not be screwed out from Such Sam 
pling or cutting head, but will be retained there 
in. In this connection, sometimes I effect the 
retraction or withdrawing of the cutter head 
Without any rotation thereof (it having been Iro 
tated during the projecting and Cutting Opera 
tion); and sometimes I effect such withdrawal or 
retraction, first without rotation, and afterwards 
with rotation, all as will presently appear herein 
after. 
In connection with the foregoing, it is here 

noted that when the cutter head is forced into 
the wall of the bore hole with a rotary cutting 
operation, accompanied With translatory move 
ment, during the final stages of Such movement 
some portions of the material of the Wall may 
remain joined to the wall, either Solidly or by 
reason of jagged or other projections, So that it 
is desirable to commence the Withdrawal nove 
ment directly, and without rotation of the cutter 
head; and it is an object of the present invention 
to make provision for obtaining Such result. 
A further feature of the invention relates to 

the provision of means whereby a Very consider 
able penetration of the cutter head into the Wall 
of the bore hole will be assured. It is noted that 
generally there exists a layer of hard mud or the 
like on the surface of the bore hole, and Which 
must be penetrated before the cutter head begins 
to penetrate the native Strata. This mud layer 
may be from one-fourth to three-fourths inch 
thick; so this movement of the cutter head is 
ineffective to take a sample of the native rock. 
Furthermore, the reaction of the cutter head 
against the rock ninust be balanced by contact of 
the sampling device against the Wall of the bore 
hole opposite to the side being sampled, and the 
movement of the sampling device laterally to 
make such contact must be effected prior to COrl 
mencement of actual Sampling. 

It is a feature of the present invention that I 
have made provision for ensuring a large move 
Inent of the cutter head in the direction of its 
Working stroke. Sometimes I secure this move 
ment by power actuating means working directly 
transversely of the device; and sometimes I secure 
such movement by power actuating means Work 
ing lengthwise of the device-that is, parallel to 
the axis of the bore hole, vertically. In each case, 
however, I employ power actuating means em 
bodying features of the present invention. 

Provision must be made for exercise of large 
forces to ensure penetrating and cutting of the 
hard material of the Wall of the bore hole. It is 
a feature of my present invention that I make 
use of combustible, carried internally in the Sam 
pling device or unit itself, generally in the form 
of explosive. Such combustible is capable of gen 
erating large amounts of kinetic energy per unit 
weight; but presents the disadvantage that the 
rate of combustion is high so that heretofore it 
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4. 
has been the practice to take the Samples (Wheri 
using explosive as the power generating means) 
by a sampling operation in which a hollow Or 
chambered projectile has been shot against the 
Wall of the bore hole at high Velocity, but not 
under control from the Sanpiling device or unit 
itself, beyond delivering to the projectile Such 
high Velocity. According to One feature Of my 
present invention I provide means for generating 
a large amount of Static energy of preSSure of a 
fluid by use of the combustion of the exploSiVe; 
and I then provide means for releasing this static 
energy of pressure at a relatively slow rate to the 
cutter head, so that said cutter head is forced 
into the wall of the bore hole at a relatively slow 
rate, but under great force. In this connection 
I have So arranged the parts that the rate of 
Such energy release may be pre-adjusted in Very 
simple manner, So that Satisfactory operation is 
ensured according to the Conditions of the Opera 
tion. Such pre-adjustment may also take account 
of the-Size of the combustible charge being used. 
In connection with the foregoing feature I pref 

erably make use of a Substantially non-compreSSi 
ble liquid as the force delivering medium for 
delivering pressure to the plunger which actuates 
the cutter head, said liquid being a suitable waX 
free oil or the like. I place a piston or plunger 
between the high pressure gas generated by the 
combustion operation and said liquid, thereby 
isolating these two fluids from each other. 

I have provided means for retracting the cutter 
head after lapse of a Suitable time interval. This 
means generally takes the form of a Strong re 
tracting Spring Or Springs; and in this connection 
I have so arranged the parts that a Very large 
novement of such Spring or Springs may be pro 
Wided for Within a relatively Small Space or length 
by proper relative positioning of the components 
of the retracting Spring unit. 
During retraction of the cutter head after the 

Sampling cut has been made it is necessary to 
release the fluid pressure previously used for the 
cutting Operation. I have therefore made provi 
sion for Such release of pressure by release of 
gas from the combustion chamber. In this con 
nection it is to be noted that Such gas pressure 
release should occur after lapse of Sufficient time 
to ensure proper cutting and sampling operation; 
and furthern Ore, that the gas so released must 
be permitted to escape into the bore hole. This 
means that there must be an opening from the 
gaS preSSure chamber of the sampling device to a 
the bore hole during gas release. It is also noted 
that when Sampling is to be effected within a bore 
hole Which is fiooded with mud, there exists a 
high hydro-Static pressure around the sampling 
device, and that without Special provision in the 
construction of the Sampling device this pressure 
Would cause entrance of mud or other liquids into 
the interior of the Sampling device. 

It is a further feature of my present invention 
that I have made provision for sealing the com 
bustion and other chambers of the sampling de 
vice against entrance of mud or other liquids 
thereinto prior to the time when the gas is to be 
allowed to escape after the sampling operation 
has been completed; and that I have secured this 
result in a very Simple device and Without the 
use of valves or other parts which would be objec 
tionable for use under the conditions existing in 
Service of Such a Sampler. 
A further feature of the present invention re 

lates to the provision of an arrangement SUCh. 
that two or more of the sampling units may be 
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connected together and raised or lowered in the 
bore hole simultaneously by the use of a single 
cable. In this connection it is an object Of the 
invention to so arrange the parts that when these 
units are connected together the several electrical 
lines for the electro-logging and sampling opera 
tions will be properly connected to each other 
from unit to unit. In this connection it is a fur 
ther object to so arrange the parts that Such 
connections from unit to unit. Will be effected in 
sealed chambers and with complete isolation of 
the connections from the material in the bore 
hole, be such material gas or mud or other liquid. 

In connection. With the foregoing it is a further 
object to so arrange the parts that the various 
Sampling units may be joined together in any 
desired sequence, and still ensure proper inter 
connection of the circuits of the various units to 
each other, and without special connections hav 
ing to be made by the operator. 
A further feature of the invention relates to the 

construction of the sampling unit per se. In this 
connection it is an object to provide a construc 
tion of such sampling unit Which may be con 
structed in very rugged form, and Well adapted 
to withstand and resist the large forces to which 
it will be subjected in Service. Also, to SO arrange 
the parts that these parts may be readily assen 
bled Or taken apart for cleaning or repair from 
time to time. It is noted that certain parts, Such 
as the sampling or cutting head are subject to 
relatively rapid wear due to the very nature of 
the work they are called on to perform; and I 
have made provision for replacement of such 
parts without difficulty and without having to 
take down the entire unit. In this connection, 
also, I have made provision for easily opening the 
sampling chamber within which the sample is re 
ceived during the sampling operation, so that 
said sample may be readily removed from such 
chamber after the device has been brought to the 
Surface. 
Other objects and uses of the invention will 

appear from a detailed description of the same, 
which consists in the features of Construction 
and combinations of parts hereinafter described 
and claimed. 

In the drawings: 
Figure 1 shows a vertical section through a 

typical sampling unit or device embodying fea 
tures of my present invention, and in which the 
plunger for actuating the cutter head works in 
a direction transverse to the axis of the bore 
hole; and in which provision is made for rotary 
in ovement of the cutter head during the project 
ing stroke, with non-rotation during the retract 
ing stroke; and is a section on the lines - of 
Figures 2 to 12, inclusive, looking in the direc 
tions of the arrows; 

Figure 2 is a horizontal section on the line 2-2 
of Figure 1, looking in the direction of the arrows, 
and through the combustion chamber; 

Figure 3 is a horizontal section on the line 3-3 
of Figure 1, looking in the direction of the arrows, 
and through the oil or liquid chamber, showing 
the plunger therein which separates the gases of 
combustion from said oil or other liquid; 

Figure 4 shows a horizontal section on the line 
A-? of Figure 1, looking in the direction of the 
arrows, and through the cutter head actuating 
plunger and control parts, said parts being re 
tracted to their normal position, and provision 
being made for rotation of the cutter head dur 
ing projection thereof in the working stroke, and 
for retaining said cutter head against rotation 
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6 
during the retracting stroke; and Figure 4 may 
also be considered as a section on the lines 4-6 
of Figures 5, 8, 9, 10, 11 and 12, looking in the 
direction of the arrows; 

Figure 5 is a fragmentary section or view: look 
ing at the outside of the unit and towards the 
Cutter head thereof; 

Figure 6 is a top or plan view of the unit; 
Figure is a bottom or inverted View of the 

unit; 
Figure 8 is a fragmentary section. On the line 

3-8 of Figure 1, looking in the direction of the 
arrows, and towards the inner end of the plunger 
element; 

Figure 9 is a fragmentary section on the line 
9-9 of Figure 1, looking in the direction of the 
arrows, and through the clutch elements for en 
Suring forward rotation of the cutter head dur 
iing the projecting or Working stroke; 

Figure 10 is a fragmentary section also through 
the said clutch elements but taken on the line 
3- ) of Figure 1, and looking in the direction 

Of the arrows, opposite to the Section of Figure 9; 
Figure 11 is a fragmentary section on the line 
- of Figure 1, looking in the direction of the 

arrows, and through the clutch elements for re 
taining the cutter head against rotation during 
the retracting stroke; 

Figure i2 is a fragmentary section also through 
the said clutch elements but taken on the line 
2-2 of Figure 1, and looking in the direction 

of the ari'OWS, opposite to the Section of Figure 11; 
Figure i3 is a fragmentary cylindrical Section 

On the line S-3 of Figure 1, looking in the 
direction of the arrows, and showing in plan view 
the plunger assembly and cutter head thereon; 

Figure 14 is a fragmentary cylindrical section 
on the line 4-4 of Figure 1, looking in the 
direction of the arrows, and showing in plan view 
the clutch assembly with the plunger assembly 
therein; 

ifigure 15 is a fragmentary, horizontal section 
on the line 3-5 of Figure 1, looking in the 
direction of the arrows, and showing in inverted 
View the inner faces of certain of the clutch 
elements; 

Figure 16 is a fragmentary Section similar to 
that of Figure 1, but showing a modified form of 
the plunger and clutch elements whereby during 
projection of the plunger during the working 
Stroke the cutter head is first advanced without, 
rotation, and then with rotation in the cutting di 
rection; and whereby during the retracting stroke 
the cutter head is first withdrawn without rota 
tion, and then. With rotation in reverse direction; 

Figure 17 is a Vertical section on the line - i. 
Of Figure 16, looking in the direction of the air 
rows; 

Figures i, 5, 8, and 9 to 17, inclusive are on sub 
stantially full scale, and Figures 2, 3, 4, 6 and 7 
are on substantially one-half scale; 

Figure 18 shows, more or less schematically an 
other modified arrangement embodying features 
of my present invention, and in which the punger 
is arranged for in ovement, axially of the unit, in 
stead of transversely thereof, and with provision 
fo' a greater amount of movement thereof than in 
the previously described arrangements; the cutter 
head moving transversely of the unit and directly 
towards the wall of the bore hole; the combustion 
and transfer chambers also being placed ver 
tically in the unit; 

Figure 19 shows a fragmentary view of a por 
tion of the double coiled spring, drive from the 
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plunger to the cutter head of the arrangement of 
Figure 18; 
Figure 20 shows more or less diagrammatically 

a series of units embodying features of my pres 
ent invention and lowered into the bore hole, and 
it also shows diagrammatically a simple set of 
wiring connections for use of Said units in con 
nection With a simple Scheme of electro-logging, 
and for taking side wall samples at several points 
in the wall of the bore hole without need of rais 
ing the units to the surface, the cable wires being 
used selectively for either or both the electro 
logging and side wall sampling Operations; 

Figure 21 shows a section of the strip of curves 
of the electro-logging test which shows the geo 
physical conditions of Various Strata through 
Which the bore hole penetrates; and 

Figure 22 shows how such a set of curves as that 
of Figure 21 may be used for giving an exact in 
'dication, by use of features of my present inven 
tion, to show the exact point at Which it is desired 
to take side wall samples, and for securing such 
iSamples at such point of points with exactness 
and certainty. 

In a practical embodiment of features of my 
present invention I prefer to provide a side Wall 
sampling unit for each sample to be taken during 
a test operation, and when it is desired to take 
more than a single sample I arranged to couple 
together a number of these units equal to the 
number of test Samples to be taken (or greater 
than such nunnbei), lowering and raising all these 
units together in the drill hole by a single cable. 
Preferably, also, these units are all controlled by 
electrical conductors contained in Said cable, and 
properly interconnected at the lower and upper 
ends of the cable, or bore hole. Furthermore, 
when features of electro-logging are to be en 
bodied in the same test or series of tests in which 
use is to be made of the units for side Wall Sam 
pling purposes, I prefer to provide such units of 
such form so that they, or portions of then may 
also serve as the electrodes necessary during the 
electro-logging operations. Such a type of unit is 
shown in Figures 1 to 15, inclusive, and modifica 
tions thereof in Figures 16 and 17, and in Figures 
18 and 19; but I shall first describe the arrange 
ment of Figures 1 to 15, inclusive. 

Referring first to Figure 1, I provide a unit 
designated in its entirety by the numeral 25. It 
preferably comprises a generally cylindrical metal 
body 26 of diameter somewhat less than the di 
ameter of the bore hole. The upper end Of Such 
body is preferably provided with a male connector 
element 27, in the form of a tapered threaded 
Inipple; and the lower end of such body is pref 
erably provided with a female connector element 
in the form of a threaded socket member 28; and 
these male and female elements are of companion 
sizes and threads so that any unit of a Series may 
be readily threaded and joined to other similar 
units above and below it. This feature Will be 
further considered hereinafter. 
Within this body member I provide a combus 

tion chamber 29, to receive the charge 30 of pro 
pellant, generally slow burning powder or ex 
plosive. In this connection the use of nitro-Cel 
lulose propellant of granular form Will be found 
advantageous, the size of the granules being Se 
lected for relatively slow combustion. Further 
more, the density of loading should be selected to 
produce high pressures, say of the order of twenty 
to thirty thousand pounds per Square inch, but not 
excessive pressures. The combustion chamber 29 
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8 
is reached from each end by removal of the plugs 
3 and 32 in the body of the unit. Preferably, also, 
one electrode 33 is grounded to the body of the 
unit, whereas the other electrode 34 is carried by 
an insulating ring 35, said grounded electrode and 
said insulating ring being gripped in place by the 
plugs 32 and 3, respectively. These electrodes 
are of Spring quality so that they will Contact 
against the terminals 36 and 3 of the fusible link 
38 passing through the propellant charge 30, to 
thereby fire Said charge when current is passed 
between the electrodes 33 and 34. 
There is another cylindrical or free piston 

chamber 39 in the body of the unit; and a mov 
able free piston or partition 49 in the form of a 
plug or plunger is slidably placed therein. A 
port is establishes communication between the 
combustion chamber 29 and the chamber 39, so 
that the gas pressure existing in the combustion 
chamber is communicated to the proximate face 
Of this partition or plug 40. Preferably a piston 
ring 42 is provided on this plug 48; and also the 
gas pressure face thereof is preferably protected 
by a layer of heat insulating, pressure resisting 
material 43, such as compressed asbestos or other 
composition material. 
At the end of the chamber 39 opposite to the 

ported end if there is provided a partition 44, 
With a shoulder 45 to limit the approaching move 
ment of the plug 46; and a port 46 is provided in 
this partition 8. Beyond the partition 44 the 
body of the unit is provided with a passage 47 
Which reaches to a position where it will com 
municate With the Working face of the cutter 
driving plunger, This plunger is designated in its 
entirety by the numeral 48, and the details of 
construction thereof will be considered herein 
after. 
The chamber 39, port 46, and passage 7, and 

directly connected passages are filled with non 
compressible liquid, such as wax free oil capable 
of resisting the pressures and temperatures to 
Which it will be subjected; or other suitable liquid 
may be used therein. Preferabiya, stop abutment 
49 is provided for limiting the backward or re 
turning movement of the plug 40. It is here noted 
that the cutter driving plunger 48 is normally 
retracted to its returned position by a spring 
member 50, the details of which will be presently 
considered, so that under these conditions the 
plug 40 is normally restored to the position shown 
in Figure 1. 
Upon firing the charge of combustible, 39, gas 

pressure Will be built up in the combustion cham 
ber and against the plug 4, and said plug will 
be subjected to pressure tending to drive it to 
Wards the port 46. This will place the liquid in 
the chamber 39, and passage A7, etc., under pres 
Sure, and the plunger element 43 Will be sub 
jected to a force tending to move it in the pro 
jecting position or direction. Such movement 
Will require that the force of the spring element 
50 be overcome, but said spring, while strong 
enough to return the parts to their initial posi 
tion, as hereinafter explained, is not strong 
enough to exert more than a fraction of the force 
exerted by the hydrostatic pressure against the 
plug 48. For example, if a gas pressure of 30,000 
F/sq. in., be generated, and the effective area of 
the plunger'48 be assumed as 1% sq. in., there will 
be exerted a pressure against the working face of 
the plunger equal to 45,000 ft; and if the spring 
element, 50, in its fully extended condition exerts 
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a force of 500#, there will - still be available a 
force of 44,500 it against the plunger. 
NoW, because of the fact that the rate of con 

bustion is relatively high (for example, of the 
order of /100 sec.), being of explosive nature, and 
since it is desired to project the plunger element 
A8 with a relatively slow movement (for example, 
within a time interval of, say 1-2 secs), is is de 
sired to provide means to control the transfer of 
energy from the combustion chamber to the work 
ing face of the plunger element 48. Such control 
means I have provided in the form of the port 
46 in the partition 44. This port is conveniently 
formed in a metering plug 5 screwed into the 
partition 44; and this metering plug may be 
selected with a port of size according to the rate 
at Which liquid flow from the chamber 39 through 
the passage 47, and against the plunger 48 is 
desired. By selecting a metering plug With a 
Smaller port, the rate may be reduced, and the 
time required for complete cutting projection may 
be increased; or vice versa. It Will be noted, how 
ever, that whenever the cutter head encounters 
an obstruction or material requiring the use of 
increased force for continuation of the project 
ing movement, the hydro-static pressure behind 
the plunger element will build up to whatever 
amount is needed to continue the projecting 
movement of the plunger and cutter head, within 
the limits of pressure available from the com 
bination chamber. "... 

It is further to be noted that in case of firing 
the combustible charge under conditions when 
the cutter head does not encounter resistance, or 
encounters relatively small resistance, the rate 
at which the plunger element and cutter head will 
be projected will be limited by the flow of liquid 
through the metering port, so that damage to the 
plunger and Connected parts Will be avoided, and 
So that in case such plunger and cutter head 
movement should continue, without substantial 
resistance, to the full end of the Working stroke, 
the arresting of Such movement will not result, 
in damage to the parts. 
As a matter of convenience in construction, the 

body of the device may be provided with remov 
able plugs 52 and 53 in line with the chamber 39; 
the Stop abutment 49 being provided on the plug 
52, and the plug 53 giving access to the metering 
plug 5 for replacement or adjustment thereof. 
Furthermore, the plug 53 may, if desired, be pro 
vided with a filler plug 54, which, when removed, 
exposes a filler port 55 in the plug 53, through 
Which liquid may be readily inserted to refill or 
replace the liquid. Within the chamber 39 and con 
Elected parts. 
Now it must be noted that after combustion 

has been effected with generation of gas with 
the chamber 29 and connected parts, the pres 
Sure therein will remain at a high value, even 
after the movement of the plunger 48 has been 
Completed in the projecting direction. Further 
more, Without gas release this condition might 
continue for an indefinite interval of time. I 
have therefore made provision for release of gas 
pressure. For this purpose I provide a “leakage 
port' 56 in communication with the combustion 
chamber, said leakage port preferably being 
formed in the plug. 32. Furthermore, preferably 
a smallplug 5 is removably screwed into the plug 
32, said plug 57 being provided with the leakage 
port, and the plug 32 being provided with a larger 
passage 58 With which said leakage port con 
municates. By Selection of a plug 57 having a 
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properly sized leakage port it is possible to secure 
leakage at a rate which will ensure retention of 
internal pressures Within the device for a sufficient 
length of time to ensure complete projection of 
the plunger 48 and cutter head, against the forces 
being encountered, and at the same time to per 
mit lowering of the internal pressures sufficiently 
after a relatively short interval of time, for ex 
ample, thirty seconds, to allow the Spring element 
5) to retract the connected parts after such in 
terval of time. 
The leakage port 56 will generally be of small 

-size, but nevertheless while said port is open it 
gives 'Communication between the interior and 
exterior of the unit. In case of lowering of 
Slich unit into a bore hole which is flooded, or 
wherein liquids are present under pressure, it 
Would occur that Such liquids would be forced 
through the leakage port and into the combustion 
chamber and connected parts, with consequent 
objectionable or serious results. I have therefore 
made provision for normally closing this leakage 
port in gaS and liquid tight manner until the 
leakage is to commence. For this purpose I pro 
Wide a blow out or fusible seal 59 at the outer 
end of the leakage port, Said seal serving to pre 
Went inflow of liquids from the bore hole under 
any preSSures Which may be found in the bore 
hole; but when combustion takes place in the 
chamber 29, thereby generating temperatures of 
upwards of four to five thousand degrees F., or 
more, and at pressures of upwards of twenty to 
thirty thousands of pounds per square inch, or 
more, said seal will be either fused or blown bodily 
out from the end of the leakage port, and leakage 
Will then commence outwardly through said port, 
"and Will continue until the internal and external 
preSSures reach a condition of balance. When 
the Sampling unit has been raised to the surface 
the plug 57 may be removed and another sealed 
plug Substituted therefor prior to the next sam 
pling operation by such unit. 

I shall now describe the plunger and cutter 
head assembly shown in Figures 1 to 15, inclusive. 
This assembly includes the cylinder-like element 
60 which is divided centrally by the partition 6 
into a forward or sampling chamber 62, and a 
rear Cr Spring chamber 63. The sampling cham 
ber is of considerable size, and a cutter head 64 
is threaded into the front or outer end of the 
aSSembly as shown. 
The entire plunger assembly is received within 

a transversely extending bore or cylindrical open 
ing of the body of the device; and preferably a 
large plug 65 is provided at the back end of this 
bore. The rear end of the plunger assembly is 
provided with a removable ring or flange mem 
ber 66, connected to the plunger body by a series 
of Screws; and this ring or flange member has 
the in Wardly reaching flange 67 which consti 
tutes an abutment for one end of the retracting 
Spring. Said retracting Spring comprises the ex 
ternal and internal spring elements 68 and 69, 
respectively, the external element being normally 
an Open Spiral, and the internal element being 
normally a tightly closed spiral. The outer end 
of the Outer element bears against the inner face 
of the flange. 6; the inner ends of both the inner 
and Outer Spring elements are connected together 
by a plate 79, the inner end of the outer spring 
element bearing against the edge of said plate 72 
and the inner end of the inner spring element 69 
being connected to the center of said plate; and 
the Outer end of the inner spring element 69 is 

s 
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passed through a hole of the plug 65 and receives 
a nut or nuts 7 to retain said spring element 
against pull from the plug 65. The plug 65 is pro 
vided with a recess or socket. 72 wherein Said 
nuts are contained; and a sealing plug T3 is pro 
vided for closing this socket in gas and liquid 
tight manner. 
With the foregoing scheme it will be seen that 

outward movement of the plunger assembly will 
cause compression of the spring element 68 and 
stretch of the spring element 69, so that a double 
amount of movement of the plunger and cutter 
head is provided for, and at the same time springs 
of relatively large wire and great strength may be 
used within a relatively small spring chamber, 
and with use of a spring chamber of relatively 
short length for the required amount of plunger 
movement. 
The plunger element 60 is externally threaded 

with one or more threads or grooves 74 (eight in 
the form shown), and these threads are of se 
lected pitch depending on the desired rotation of 
the cutter head during the cutting operation. 
There is a ring 5 placed around the plunger ele 
ment 69, said ring having splines 76 to correspond 
With the threads or grooves of the element 60, so 
that proper co-operation is ensured between the 
element 60 and said ring. Said ring 15 is placed 
within a recess or circular opening 77 formed 
in a removable nut element 78 which is in turn 
threaded into a socket or circular opening in the 
body of the sampling unit. Said nut element has 
the inwardly reaching flange 9 which serves as 
an abutment against which the Outer end or edge 
of the ring 75 will bear to prevent outward move 
ment, thereof; and preferably an abutment, ring 
80 is threaded into the inner end of the Socket 
of the body of the unit, the inner end of the ring 
75 bearing thereagainst. Thus said ring 75 is 
retained against end Wise movement in either di 
rection, but is permitted rotary or rocking move 
ment with respect to the body of the device. It 
is noted that this ring 75 is placed adjacent to the 
Outer end portion of the plunger element so that 
rotary control of the plunger element is assured : 
for full stroke thereof outwardly, or in the Work 
ing or projecting direction. 
Around the rear portion of the plunger element 

69 there is placed a rotatable cylinder like mem 
ber 83, same being accommodated in a cylindri 
cal recess of the body of the device. This ele 
ment 80 has on its inner face a series of lon 
gitudinally extending grooves or slots 8 into 
which there work teeth or lugs 82 carried by the 
flange member 66, already referred to, so that 
back and forth movements of the plunger ele 
ment occur. Without back and forth movements 
of the cylindrical element 80a; but any rotary 
movement of the element, 6. Will be accompanied 
by similar rotary movement of the cylindrical 
element 80. Said cylindrical element is ac 
commodated Within a suitable recess of the body 
member and behind the ring 80, already re 
ferred to, So that endwise forces of the ring 75 
are not communicated to said cylindrical mem 
ber 80a. 
The ring T5 is provided with an outwardly ex 

tending flange 83 having the clutch teeth 84 
(see Figure 14); and a clutch ring 85 is located 
in the circular opening 77, and is provided with 
a Series of slots 86 which engage flanges 87 of 
the ring or nut element 78, so that said clutch 
ring 85 cannot rotate but can have back and 
forth movement during over-running move 
ments. Suitable Springs 88 retain the ring clutch 
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12 
element normally in engagement with the clutch 
ring 83. The teeth 89 of the clutch ring 85 en 
gage the teeth 84 of the ring 75 to lock against 
relative movement in one direction, but permit 
over-running in the other direction. 
The design illustrated is such that during the 

working or projecting stroke the cutter assem 
bly will be rotated counter-clockwise when looking 
at the outside end of Said cutter head (as in Fig 
ure 5). The threads or grooves 4 and the 
splines 76 are correspondingly formed; and it is 
here noted that the nut element 73 should be 
provided with right hand or regular threading 
so that it will tend to lock tight under the forces 
now to be explained. 
Upon exertion of pressure against the working 

face of the plunger element said element is moved 
outwardly, that is, towards the left in Figure 1. 
Such movement tends to rotate the ring ele 
ment 5 in a clockwise direction (viewed as in 
Figure 5), but such rotary movement is resist 
ed by the engagement of the clutch teeth 84 and 
89 with each other; and due to the non-rotating 
of the ring 85 the ring 75 is also prevented from 
rotating backwardly, or clockwise. As a Conse 
quence, during the outward or projecting stroke 
the plunger element is compelled to rotate coun 
ter-clock-wise, and the rotary force exerted on 
the nut element 8 tends to lock Said element 
more tightly into place, due to the direction of 
its threading. 

It is now noted that during retracting or re 
turning movement of the plunger element, un 
der impulse of the spring assembly, either of 
two movements of the parts night occur. If the 
plunger assembly and cutter head should be re 
tained against backward or clock-Wise rotation 
(viewed as in Fig. 5), the ring 75 would be 
compelled to rotate in a counter-clock-Wise di 
rection (viewed as in Figure 5), and Such rota 
tion is permitted by reason of the form of the 
clutch elements so far described. On the other 
hand, if said ring 75 should be retained against 
clock-wise rotation (viewed as in Figure 5), the 
plunger assembly and cutter head would be com 
pelled to rotate backwardly during the retract 
ing movement thereof (that is, clock-wise when 
viewed as in Figure 5); and a further or in 
termediate condition may be obtained, as will 
presently appear. 
Around the cylindrical element 88a, there is 

placed a clutch ring 90, which is splined to Said 
cylindrical element 80 by the splines 9 f, springs 
92 being placed between the parts so that said 
clutch ring is normally forced to the right in 
Figures 1 and 14; and So that said clutch ring 
must rotate with the cylindrical element 89. 
There is a companion clutch ring 93 set into the 
body of the unit around the cylindrical element 
88 and adjacent to the clutch ring 99, and locked 
against rotation by the studs 94 (see Figs. 14 and 
1). The clutch rings 99 and 93 have the COm 
panion teeth 95 and 96 which face in such direc 
tions that the cylindrical element 80 may ro 
tate with over-running of said teeth for coun 
ter-clock-wise rotation (viewed as in Figure 5), 
but so that locking will occur against clock-wise 
rotation. 

It has already been explained that the plunger 
element and the cylindrical element 80 are 
splined together so that they must rotate to 
gether, but so that longitudinal movement, of the 
plunger element is provided for. The following 
operations are now evident: During OutWard pro 
jection or working stroke movement of the 
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plunger element and cutter-head, with rotation 
thereof counter-clock-wise (viewed as in Fig 
ure 5), the clutch ring 9 Will be rotated coun 
ter-clock-wise also, the clutch teeth over-ruin 
ning; but during the return or Spring retract 
ed movement the clutch rings 93 and 93 will pre 
went any clock-wise rotation of the plunger ele 
ment and cutter head, the clutch elements 83 
and 85 now over-running and permitting the re 
turn movement of the cutter head without rota 
tion. In other words, during the outward or 
working projection movement of the cutter head, 
same is compelled to rotate counter-clock-Wise 
for the cutting operation, but during the return 
movement said cutter head is retained against 
movement of rotary nature. On each OutWard 
or working stroke said cutter head rotates coun 
ter-clock-wise, and on each return or Spring 
drawn stroke said cutter head does not rotate. 
The cutter head proper, 64, is in the form of a 

ring of hard metal S, the rear edge portion of 
Which is threaded into the body of the plunger 
assembly, preferably by a right hand thread So 
that during the cutting operation said cutter 
head tends to lock more tightly to the said body. 
Said ring is provided with cutting teeth 98, so 
that during the cutting projection movement 
these teeth will cut a circular groove in the face 
of the bore hole as the penetration coratinues due 
to the continued projection of the cutter head. 
Said cutter head also includes the in Wardly ex 
tending cutter blades or iaws 98, preferably four 
in number. Each of these is integrally connect 
ed to the ring by a broad juncture, ( ), and each 
blade then tapers to a relatively narrow inhei 
or central portion G. These inner or central 
portions is are also extended forwardly or in 
the direction of cutting projection, so that Said 
inner ends contact the face of the bore hole prior 
to the more outwardly or greater radius portions 
of said jaws or blades. Furthermore, each blade 
or jaw is separated from the adjacent Ones to 
provide the spaces 2 between said blades, and 
through which the cit off material may readily 
pass to the interior or sampling chamber $2. 
Furthermore, each of these blades is formed with 
its leading or cutting edge 83 more advanced 
than its trailing or leaving edge A, so that pene 
tration of the blades into the wall of the bore 
hole is more readily accomplished. Such "drag' 
of these cutting blades may be made quite con 
siderable, as shown, or even greater if desired. 
With this form of cutter head it, Will be evident, 

that as the same is forced outwardly into contact 
with the hard material of the bore hole, and 
under a great out relatively slow hydraulic force, 
a circular groove Will be cut into the face of the 
wall of the bore hole, and the material. Within 
said ring Will also be cut, or sheared off by the 
blades, and all said material will pass backwardly 
between the blades and into the chamber 62 
Where it will collect. Since the retracting move 
ment of the plunger assembly is performed with 
out backward rotation thereof (in the form. So far 
described) it Will be seen that there will be little 
or no tendency for such so-collected material to 
again move out of the sampling chamber 62, but 
said material Will be effectively retained therein. 
Sometimes it may be found advantageous to 

provide the spiral teeth C5 on the cylindrical 
surface of the chamber 2, Sane Spiraling in the 
direction of rotation during Working projection 
of the plunger assembly; and these teeth, when 
provided, preferably have easy advancing or lead 
ing edges, so that the incoming material Will be 
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14 
permitted to slide over them with ease; and 
preferably have sharp back or leaving edges, as 
shown, so that during the retraction of the cutter 
head and plunger assembly after the cutting 
Operation has been completed the material will 
be more effectively retained within the sampling 
chamber 62. 

It should be here noted that with the fore 
going arrangements after the projecting and 
cutting operation has been completed, there may 
remain portions of rock or other native material 
which have been loosened by the cutting ring 
and the blades, but which still retain connection 
With the native deposit. By direct retraction of 
the cutter head assembly backwardly Without ro 
tation thereof, such portions of material will be 
drawn back with the cutter head either by the 
blades 99, or by the engagement of the teeth 
65, or both; so that such portions of material 

Will be completely broken off from the native 
deposit, and Will be taken and retained in the 
Sampling chamber 62, and brought to the surface 
When the unit is raised. 

It is also noted that with the arrangements 
Sofa" described, after the sampling unit has been 
brought to the Surface the cutter head may be 
readily unscrewed from the assembly by use of 
a simple tool such as a Spanner Wrench engaging 
the teeth or blades and with a counter-clock-wise 
rotation of the cutter head. 
Now it is noted that during the working pro 

jection of the plunger element, the teeth 82 sweep 
along the grooves 8 and cause a displacement of 
liquid in said grooves; and I have made pro 
Vision for drainage thereof by the holes 3, 
formed in the flanged plate 8 in alignment, with 
the said grooves. Likewise these holes will pro 
Wide for relief of liquid material from or to the 
Spiral grooves 54 since these are in direct com 
munication with said grooves 8 . Also, during 
back and forth movements of the plunger element 
it is necessary to provide for drainage of the 
Spiral grooves 4 in advance of the teeth is of the 
ring 5. For this purpose provide a circular 
channel 9 in the plunger element directly be 
hind the ring 97 of the cutter head; and in the 
forwardly extending portion of the ring 5 I 
provide a Series of openings (8, so that, prior 
to the time when the cutter head has been pro 
jected beyond said ring 5 there may be circula 
tion of material between the channel (and 
Spiral grooves), and the space within the nut 
element 28. I then provide a series of openings 
(39 in the front face of the flange 9 of said 
nut element, thereby providing communication 
to the exterior of the device. These openings (9 
may also be used for turning the nut element by 
a Suitable Spanner wrench when necessary. 

It is evident that the effective area of the 
plunger is Substantially proportional to the di 
ameter of the member 6) measured to the bot. 
tom of the spiral grooves 4 thereof, since said 
grooves are in communication with the high pres. 
sure side of the hydraulic Systein; but in the form 
shown this effective area also includes the cross 
Section of the plunger element 63 between said 
Spiral grooves, and equals substantially 1.80 sq. in. 
Under a differential of pressure between the in 
terior of the device and its exterior, or, say, 
thirty thousand pounds per square inch, there 
night be exerted a driving force of as much as 
44,000 pounds to force the cutter head outwardly 
and cause rotation thereof, Said force being ex 
erted gradually and under control, as determined 
by the size of the metering port 6. 
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It is noted that any leakage of oil or other 
driving liquid will be past the teeth 7S and 
through the grooves it of the element 60, and 
thence to the outside of the device. Such leak 
age will sweep any foreign matter outwardly, 
thereby keeping the moving parts well lubricated, 
and preventing entrance of mud and other gritty 
matter into the moving parts. After retraction 
of the sampling unit to the Surface, any oil or 
other liquid which has been lost by leakage or 
otherwise may be replaced by removal of the 
plug is and introduction of Supplemental liquid 
through the opening 55, the plunger assembly, 
and the partition 42 being in their restored posi 
tionS. 

In Figures 16 and 17 I have shown a modified 
arrangement or plunger assembly of simpler form 
than that heretofore shown aind described. In 
this modified arrangement the outward of cut 
ting projection of the cutter head is first per 
formed without rotation, and during the re 
mainder of Such pojection rotation is caused 
in the cutting direction (counter-clock-wise When 
viewed as in Figure 5). It is noted that a cer 
tain amount of such preliminary projection may 
be performed Without Such rotation, since it is 
necessaly to first cause Such an amount of nove 
ment of the plunger assembly as Will cause the 
sampling unit to set solidly against the face of 
the bore hole opposite to that which is to be 
Sampled, and it is further necessary to cause the 
cutter head to penetrate the caked material on 
the wall of the bore hole prior to encountering 
the native rock. Such caked material is relatively 
Soft and does not require the use of a rotary 
motion to cause “cutting penetration' thereof. 
All Such preliminary movement of the cutter head 
may therefore be accommodated without rotation 
of the cutter head, such rotation commencing 
afterwards, and when the hard native rock ma 
terial has been encountered. 

This arrangement of Figures 16 and 17 is also 
such that during the first portion of the retrac 
tion or restoring movement of the plunger aSSenn 
bly, there is no rotation of the cutter head, but . 
thereafter rotation takes place backWardly, or 
clockwise. In this connection it is noted that 
such first portion of the retraction of the Cutter 
head should be without rotation so as to make 
sure that the loosened or disengaged sample por 
tions will be retained within the sampling cham 
ber, and will be effectively disengaged from the 
native strata, and this result is ensulted by caus 
ing the first portion of the retraction to take place 
without rotation. The remaining retraction may 
then occur with rotation in either direction with 
out danger of loss of the sampled material out of 
the sampling chamber. 
The arrangement Of Figures 16 and 17 is simi 

lar to that already described; but in the present 
case the ring 5a, having the teeth 76 which en 
gage the spiral grooves 48 is permitted to rock 
back and forth through an angular distance or 
SWing sufficient to permit the desired amount of 
longitudinal novement of the cutter head with 
out rotation. For this purpose said ring 75a is 
provided With the two lugs ff0 which work be 
tween inwardly extending lugs f of the nut 
element 788. Also, the cylindrical member 8 a. 
with the longitudinally extending grooves 8 has 
been eliminated, and also the teeth 82 of the 
flange member 48 have been eliminated. In 
place thereof said flange member 488 is provided 
with the outwardly reaching portion 828 travel 
ling in the cylindrical opening 8 of the body of 
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16 
the unit, suitable drain holes being provided in 
said flange portion 82a as in the previously de 
scribed arrangement (see Fig. 8). 

It will now be evident that the following opera 
tions may occur; 
When plunger movement commences the ring 

member 75 will rotate backwardly (clock-Wise 
viewed as in Figure 5) until the lugs fle engage 
the far lugs if , whereupon such movement will 
be arrested, and further outward projection of the 
plunger element will require rotation thereof, 
with rotation of the cutter head, in counter 
clock-wise direction until completion. Of the pro 
jecting movement. This Will satisfy the rota 
tional requirements heretofore ninentioned. 
When, thereafter, retraction of the plunger ele 
nent commences, the first portion of Such re 
traction Will occur. With rotation of the ring 15 
counter-clock-wise until the lugs engage the 
far lugs during which interval there will be 
no rotation of the plunger element and Cutter 
head, same being withdrawn during this interval 
With a direct movement. Thereafter the further 
retraction will occur with rotation of the cutter 
head clock-wise; but such direction of rotation 
will not be objectionable since the sample mate 
rial will have been effectively torn from the wall 
of the bore hole during the previous non-rota 
tional movement of retraction. 

It is also noted that with the arrangement of 
Figures 16 and 17 the teeth 35 on the Wall of 
the sampling chamber 62a may be spiralled 
against the rotation of the unit during retra C 
tion, so that the sample material Within the 
chamber will not tend to work out from said 
chamber. 

It is noted that With the arrangement of Fig 
ures 16 and 17 the clutches have been eliminated 
with corresponding simplification of the Struc 
ture. 
Now the projecting travel pOSSible With Such 

arrangements as shown in Figures 1 to 17, in 
clusive, is limited by the diameter of the Sampling 
unit, which in turn is limited by the diameter of 
the bore hole itself. I shall now describe a 
scheme embodying features of my present inven 
tion, and Wherein the projecting movement Suf 
fers no such limitation. This scheme is shown 
more or less simply in Figures 18 and 19. In this 
case the combustion chamber 2 is placed ver 
tically or axially of the Sampling unit, and the 
transfer chamber f3 is placed directly above said 
combustion chamber, so that the partition ele 
ment f4 moves up and down. The metering 
port 5 is placed in the partition 6 above Said 
transfer chamber; and the plug f : 7 in the top of 
the unit may be removed to gain access to the in 
terior of the device, the plug 8 giving access to 
the combustion chamber. The leakage port 9 
is provided in this plug 8. 
Alongside of the chambers f2 and 3 there 

is formed the plunger space f20 connected to the 
Space above the metering port f 5 by means of 
the passage 2. There is placed a sleeve 22 in 
the space 20, which sleeve corresponds to the 
ling 75 heretofore referred to, and Said sleeve is 
capable of rotation through a limited arc by 
means similar to that shown in Figures 16 and 17. 
The plunger element 23 Works in said sleeve; 
and the sleeve and plunger element are locked to 
gether by suitable splines and spiral grooves, in 
manner similar to the arrangements already de 
scribed. Thus, the plunger element 23 may be 
provided with the splines 24 working in spiral 
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grooves extending along the inner surface of the 
sleeve 22, so that, after rotation of the sleeve 
has been stopped, further projection of the plinger 
element will cause rotation of said plunger ele 
ment in manner similar to the arrangement of 
Figures 16 and 17. 
A retraction Spring 25 connects the plunger 

element to a plug 26 in the upper end of the 
unit, So that proper retraction of the plunger ele 
ment is assured after reduction of pressure, and 
in manner similar to that already explained. 
The cutter head and sampling chamber ele 

ments are shown at 27. They normally stand 
just Within the confines of the body of the device, 
but are projected directly out therefrom during 
the Working stroke. The details of these parts 
need not be repeated at this point as they may 
be similar to the structures already described and 
illustrated, or may be of any suitable design. 
These parts are, however, accommodated within 
the recess 28 of the body of the unit. 

Suitable connection is established between the 
plunger element 23 and the cutter head and 
Sampling chamber elements 27 so that these 
parts are compelled to move back and forth, and 
to rotate in harmony. It is noted that such con 
nection must be such that proper provision is 
made for the change of direction due to the fact 
that the plunger element moves longitudinally 
of the body of the unit and the cutter head and 
Sampling chamber move transversely thereof. 
In the form shown such connection is established 
by means of a flexible spring element 29 work 
ing in a passage of size to nicely accommodate 
it Without excessive friction, and still with proper 
guidance. One end of this flexible spring ele 
ment 29 is connected to the plunger element 
23, and the other end thereof is connected to 
the cutter head and sampling chamber assembly 
f27. The passage through which this spring 
element Works comprises the inside of the sleeve 
22 together with the passage 30 in direct con 
nection with said sleeve passage and extending 
through the body of the unit, and with an easy 
turn to the recess 28 already referred to. 

It is noted that the spring element 29 is sub 
jected to large forces of pressure as well as rota 
tion during the working or projecting stroke. I 
prefer to make this spring element in the form 
of inner and outer closely wound springs 3 
and 32, as shown in Figure 19, said springs 
fitting Snugly together, and being spiralled in 
Opposite directions; and furthermore, such 
Spiralling is in such directions that under the 
turning force needed to rotate the cutter head 
during the working stroke the outer spring 32 
tends to close down on to, and clamp against 
the inner Spring 3, and the inner spring, on 
the other hand tends to open up and spread out 
against the inside face of the outer spiral. The 
Spring element shown in Figure 19 is intended to 
have the plunger element connected to its upper 
end, and the cutter head assembly connected to 
its lower end; and the ends of both the inner 
and outer springs 3 and 32 should be strongly 
Connected to the respective elements so that 
proper transmittal of forces between the parts 
Will be assured. The spring element shown in 
Figure 19 is Substantially full size for one unit 
COInstruction. 
Now it will be seen that with the arrrange 

ment of Figures 18 and 19 a very large projec 
tion of the cutter head and sampling chamber 
assembly is possible. For example, with a sam 
pling unit of, say, five inches diameter and length 
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18 
of, say sixteen inches, it is readily possible to 
make provision for a projection of seven inches 
beyond the face of the unit, thus providing for 
penetration of probably four to six inches into 
the native rock, with consequent procurement of 
a large and typical sample thereof. 

It is noted that With each of the embodi 
ments of my invention herein shown the motive 
power or energy is released in the first instance 
by a combustion or explosion action, but that 
this action is not delivered directly to the plunger 
element, but is delivered indirectly and under 
perfect Control. The generation of pressure in 
the combustion chamber in the first instance Will 
depend on many factors, including the "density 
of loading,' as well as the composition of the 
propellant. Sometimes it will be found desirable 
to use a relatively low density of loading so that 
the pressure originally generated Will not be ex 
cessive, but still a very large amount of energy 
Will be released in the form of gases under pres 
sure in the combustion chamber and immediately 
connected parts. For example, this pressure 
might be of the Order of thirty thousand pounds 
per square inch; and the energy released may 
be of the order of 1,200,000 ft. lbs. per pound of 
propellant. The temperature will be of the order 
of five to six thousand degrees F. 
Now as soon as gas pressure builds up after 

commencement of combustion (initiated by the 
heating or fusing of the link 38), such gas pres 
sure will tend to force the partition 42 to the 
right (see Figure 1), thereby displacing the 
liquid in the chamber 39 through the metering 
port 46 and passage 47, and forcing the plunger 
element to the left. The movements of liquid 
between the partition 42 and the plunger will be 
determined by the laws of flow of such liquids, 
including flow through the port or orifice 46. In 
case of rapid flow through said orifice there will 
be loss of potential or pressure at the position 
of said orifice, and during the interval of flow 
of liquid therethrough; but when flow of liquid 
ceases (as When the plunger ceases advancement 
or projection), or when such flow rate is re 
duced (as When the plunger movement is slowed 
down by cutting contact With the native rock), 
the loss of pressure at the port or orifice Will fall, 
and the pressure against the plunger Will rise 
(within the limit of pressure then existing in 
the device). In other words, at any given time 
the gas pressure existing within the combustion 
chamber and against the left hand face of the 
partition 42 is equal to the static pressure exist 
ing on the plunger element (due to resistance 
being met by the cutter head), plus the dynamic 
or velocity pressure loSS occurring through the 
metering orifice. This latter must at every in 
stant be of amount to take up the difference be 
tWeen gas pressure and Static pressure head 
needed to penetrate the face of the Wall (plus 
friction losses which Will be negligible in com 
parison). In other Words, the velocity of pro 
jection of the plunger element will at all times 
be determined by the differential between the 
gas pressure then existing and the pressure 
needed for cutting and penetration. As the latter 
rises the velocity of advance will fall, until at 
a slow rate the full available pressure of the 
gas Will be used to force the cutter head forward 
With rotation and cutting penetration into the 
native material of the stratum. 
The size of the orifice 46 will be determined 

by test in various cases; but will generally be 
of the Order of one-eighth to one thirty-second 
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of an inch diameter. In Figure 1 I have shown 
by the dotted lines a Small orifice 46 represent 
ing use of a metering plug having Such smaller 
orifice in place of the plug with the orifice shown 
by means of full lines. 

It is here noted that the velocity of projection 
of the plunger element will bear a ratio to the 
velocity of flow of the liquid through the meter 
ing orifice dependent on the relative sizes of 
the metering orifice and the effective area of the 
plunger element. We have already mentioned 
that With the full size scheme shown in Figure 
1 the effective area, of the plunger element is 
Substantially 1.80 Sq. inches. With a metering 
Orifice of, say, one-sixteenth inch diameter (the 
opening 368), said orifice will have an area of 
Substantially 0.003056 Sq. in...; and the ratio be 
tween the effective plunger area, and this orifice 
area, Will be substantially 1 to 590. This means 
that under these assumptions the velocity of ad 
Vance of the plunger Will be substantially one 
five hundred and ninetieth the velocity of flow 
Of the liquid through the orifice. 

If the gas pressure be assumed as, for example, 
30,000 lbs./sq. in., the theoretical velocity of the 
liquid flowing through an orifice cannot exceed 
substantially 2170 ft./sec. (for a liquid of specific 
gravity of 0.40 aSSumed for the Oil). This means 
that under the condition of free exit of the liquid 
from the chamber 39 and without any retarding 
action due to presence of liquid in the pas 
sage 47, the velocity through the orifice or meter 
ing opening cannot exceed 2170 ft./Sec. Conse 
quently, With the assumed ratio of orifice area, 
and plunger area, the maximum velocity of ad 
Vance of the plunger cannot exceed substantially 
2170 divided by 590 (ratio of areas), or approxi 
mately 3.67 ft./sec. In actual practice, for the 
aSSunned conditions of 30,000 lbs./sq. in., and 
metering orifice of 's' diameter, and effective 
plunger area of 1.80 Sq. in., the maximum veloc 
ity of advance of the plunger element, when en 
countering no resistance (as when projected in 
free air without being lowered into a bore hole) 
will probably be of the order of 3.00 or less ft./sec., 
possibly as low as One foot per second. Of course 
as the cutter head encounters resistance due to 
contact with the native rock of the wall of the 
bore hole, this resistance Will slow down the rate 
of advance, but the force which will be exerted 
by the plunger element will become equal to 
Whatever amount is required to continue the 
penetration at the instant in question (up to the 
full available force created by the gas pressure 
then existing). 
In other Words, the device is “automatic' in 

the Sense that rate of advance is limited in any 
case; and at any given instant the rate of ad 
Vance Will be reduced to an amount such that 
the force will build up to that amount needed 
to continue the advance (within the limits avail 
able). 
A further result of this condition is that at 

all times the device is protected against damage 
due to possible excessive velocity of projection of 
the plunger element. Said plunger element is 
not a projectile, and it does not attain its result 
of penetration and sampling by reason of veloc 
ity; but it is truly a pressure device, and attains 
its function by static pressure exerted in great 
degree, and under full control at all times. Even 
if the propellant charge should be ignited under 
conditions Such that no resistance would be en 
countered by the cutter head (as for example, in 
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case the cutter head should enter a pocket in 
the Wall of the bore hole) no damage would re 
Sult to the sampling device, Since the rate of 
advance of the plunger element Would be so slow 
that the impact at termination of travel would 
be Small and inconsequential. In this connection 
it is noted that the projecting movement of the 
plunger element is limited, in the case of the 
device of Figures 1 to 15, inclusive, by engagement 
of the lugS 82 against the ring 75, and in the 
case of the device of Figures 16 and 17, by en 
gagement of the flange 82 with the ring 80. 

It is also noted that after reduction of gas 
pressure through the “leakage port' 56, to a point 
such that return movement of the plunger ele 
ment may commence under the force of the re 
tracting spring, the oil or other liquid must again 
?eturn to the chamber through the metering ori 
fice 46; and such returning movement of Said oil 
Will also be subject to the laws of flow of liquids 
through orifices. 
Insofar as concerns the ignition of the pro 

pellant charge any Suitable Scheme of electrical 
connections may be used to deliver the impulse 
of current to the circuit including the fusible 
element 38. I shall, however, now describe the 
arrangements herein disclosed for accomplishing 
the foregoing result, and for securing certain 
other and desirable functions. 

Preferably One of the Spring contacts engaging 
the propellant charge fuse, is grounded, being the 
contact 33 which is connected to the body of the 
device. On the male connector element 2 I 
mount an insulating plate 33, having therein 
several circular contact rings 34, 35, 36, 37 
and 38 (or as many as desired); and these con 
tact rings are connected to the wires of a plural 
Conductor 39 extending down through suitable 
passages in the body of the sampling unit. The 
Wire from the central contact 38 is carried di 
rectly to the spring contact 34 for the propellant 
charge of the sampling unit in question, by a 
conductor extending through the passage 40. 
Thus, whenever the central conductor or ring of 
the insulating plate 33 is properly electrified 
the propellant charge of this particular sampling 
unit Will be fired. 
Within the female connector element 28 I 

mount an insulating cup member 4, having 
therein the several circular or ring contacts f42, 
43, 44, 45 and 46, to which are connected 
the spring contacts 200 as shown in Figure 1, 
Said Spring contacts extending down in position 
to engage With the circular contacts of the plate 
33 of the sampling unit next below the one now 
being described. Now, within the sampling unit 
being described, the outermost ring contact 34 is 
Connected to the next to the outermost ring or 
contact 43 at the bottom end; the next ring con 
tact 35 is connected to the ring contact 44 at 
the bottom end; the next ring contact 36 is con 
nected to the ring contact 45 at the bottom end; 
and finally the next ring contact 37 is connected 
to the central contact 46 at the bottom end. In 
other words, the central contact at the top end 
Connects to the firing fuse of the propellant 
charge of the sampling unit in question; and each 
of the other upper contacts connects to a lower 
end contact progressively further in towards the 
center of the device. As a consequence, when 
Several Such units are connected together by 
threading their male top connectors into the 
female bottom connectors of the successive units, 
there is established a continuous series of con 
nections through the entire group of units, and 
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with each unit separately controlled from above, 
and therefore under perfect independent con 
trol. 
At this point I mention that I have also pro 

vided each of these sampling units with a band 
or electrode 4, carried in a band of insulating 
material, and preferably located near the bottom 
end of such sampling unit, as shown in Figure 1. 
Also, in each case such electrode is electrically 
connected to the same wire which is connected 
to the contact 34, and therefore to the central 
tOp contact 38, so that said top contact (central) 
f38 may be used either for delivery of current for 
firing the propellant charge or for electro-logging 
operations, as Will presently appear. 

It is also here noted that With the arrange 
ments so far explained the several sampling units 
may be connected together in any selected order, 
and in all Such cases proper connections will be 
necessarily established to the firing fuses and to 
the electrodes for the electro-logging operations. 

If desired the surfaces of the sampling unit 
may be coated with suitable insulating material 
so that during various operations improper 
grounding will not occur, as for example when 
conducting electro-logging operations. It will 
Sometimes be found unnecessary to provide such 
insulation, but I contemplate the same whenever 
needed. 

It is also here noted that when the male con 
nector 27 of one sampling unit is connected 
tightly into the female connector of the next 
higher unit, the insulating plates 33 and 4 are 
brought very firmly together with a sealing 
action, so that a tight chamber 48 is established 
in the body of the joint, and so that water and 
mud or other conducting liquids are excluded 
from the contacts at the points of junction from 
unit to unit. 
Now referring to Figure 20 I have therein 

shown more or less diagrammatically one set of 
connections for use of a group of these units dur 
ing a Sampling and also during an electro-log 
ging operation. In this case I have assumed that 
five of the sampling units are to be used (it being 
noted that in the forms of connectors shown in 
Figure 1 there are five contact rings). These are 
the units 49, 50, 5, 52 and 53, respectively. 
(It is noted that a special unit 54 is also shown 
in Figure 20, but same is not a sampling unit, 
and is not used for Sampling purposes, and con 
stitutes merely a “Spacer unit' under some condi 
tions, as will presently appear.) These several 
units are all connected together, the lines 55, 
56, 57, 58 and 59 extending from the cable 
60 to and through the several units and being 

therefore connected to said units as shown, it 
being noted that the "spacer unit' has connec 
tions which extend directly through it. It is also 
noted that the cable is readily connected to the 
male connector of the top unit of the group by 
means of the head element f61. Preferably, also, 
the female connector of the bottom unit of the 
group is closed by a plug 62 (shown in Figure 
20), which plug is conveniently made of tapered 
Section. So that during the lowering operation 
into the bore hole the entire assembly will readily 
find its Way past irregularities in the hole. 
The mechanical connection between the lower 

end of tht cable and the head element is not 
shown as manifestly same constitutes no portion 
of the present invention, but it will be understood 
that said cable constitutes the means whereby 
the entire assembly is lowered and raised in the 
bore hole. , 
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Said cable 60 passes over suitable pulleys or 

the like 63 at the ground level, and on to a wind 
ing drum 64 whereby the raising and lowering 
operations are taken care of. Such arrangements 
are well known and understood in the art of electro-logging. 
The conductors 55, 56, 57, 58 and 59 of 

the cable are brought out from the drum 64 and 
through a cable 65 to the like lines as shown 
in Figure 20. A Suitable source of current, such 
as a battery f66 is provided at the ground level. 
The head member 6 of the group of sampling 
units is effectively connected to the tension 
Strands of the cable 60 by the ground line 67; 
and at the control stand on the ground level 
there is a switch 68 by means of which said ten 
Sion strand or Strands of the cable may be con 
nected to one side of the battery, preferably the 
negative side thereof, by suitable protection of 
the fuse 69, and lines 70 and 7. When the 
SWitch 68 is opened the good ground connection 
is broken. 
The other side of the battery connects by a 

line 12 to a bus bar f73; and there are provided 
control firing switches f 14, 75, 76, TT and 78 
corresponding to the several sampling units of 
the group. These switches connect the bus bar 
73 to the respective lines coming from the sev 

eral Sampling units as will be readily evident. 
It is now seen that upon closing the grounding 

SWitch 68, any selected sampling unit may be 
fired by merely closing the corresponding firing 
SWitch f4, 75, 76, 77 or 78 as the case may 
be; or that two or more of the sampling units 
may be fired simultaneously if desired for any 
eaSO. 

I have in Figure 20 shown more or less dia grammatically the two galvanometers 79 and 
i80, respectively, same being of suitable form, 
but preferably of the reflecting type. The gal 
Vanometer 79 is connected by the leads 8 and 
f82 to the lines 56 and 72; and the galvanom 
eter f8) is connected by the lines 83 and 84 to 
the lines 55 and 59, respectively. 

It is now noted that when a group of the units 
is let down into the bore hole 85 the electrodes 
of the Several units will occupy relative positions 
in the bore hole such that electro-logging opera 
tions may be performed upon connecting said 
electrodes properly to the galvanometers 79 and 
80 and it is possible to perform electro-logging 

tests by use of these electrodes. For simplicity 
I have herein designated the five units to which 
the lines 55, 56, 57, 58 and 59 are connected 
by the letters A, B, C, D and E, respectively, and 
I have also designated the unit between the units 
A and B, and to which no line is connected, by 
the letter S (for spacer). This unit is also desig 
nated as 25. Now it is further noted that the 
electrodes of the units B and C are relatively 
close together; and that the unit E is separated 
from the unit C by the interposition of the unit 
D; and that the unit A is separated from the unit 
B by the interposition of the unit S. 
According to certain well known and widely 

practised Systems of electro-logging the following. 
procedure is used: current is passed between the 
electrodes B and C, being indicated or recorded 
by a suitable galvanometer (and usually a per 
manent trace of the value of said current is 
Created by use of a beam of light directed onto 
a recording photographic strip); and at the same 
time that this current passes between the elec 
trodes of units B and C there will be caused to 
flow a current between the electrodes A and E, 
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due to side leakage of current through the strata, 
of the native rock beyond the bore hole; and the 
Walue of Such leakage current between Said elec 
trodes A and E may be used to determine the re 
sistance of the strata, which resistance is, in 
turn an indication of the presence of Such mate 
rials as oil and the like in said strata. The rise 
of Such resistance will usually be great in the 
presence of oil bearing strata. According to this 
Scheme it is usual to make use of the deflection 
of the galvanometer 80 to indicate Such resist 
ance so that by making a photographic record 
of the deflection of said galvanometer We are 
able to permanently record the nature of the 
strata, at different elevations of the bore hole. 

It will thus be noted that a group of my Sam 
pling units may be readily used in connection 
With electro-logging operations, by merely proVid 
ing suitable means for using the proper electrodes 
during such electro-logging operationS. For this 
purpose I provide the test Switch 86 which may 
establish connection between the line 57 (from 
the unit C electrode) to the line 7 which leads 
to the negative side of the battery, by means Of 
the lines 87 and 88, respectively. Upon closing 
this test SWitch We have the following Operations: 
A circuit is established from the positive side of 
the battery through the galvanometer 79, 
through the line 56 to the electrode of the unit B, 
through the material around the units in the : 
bore hole to the electrode of the unit C, through 
the line 5 and test Switch back to the negative 
Side of the battery. This Will produce a local 
Current through the strata, or material close to 
the units B and C in the bore hole, and the Value : 
Of this current Will be shown by the deflection 
of the galvanometer 79, and may be recorded 
as a curve On a Suitable photographic strip dur 
ing the Wertical movements of the test unitS 
through the bore hole. Such a curve is shown 
at 89 on the strip 99 (elevations in the bore hole 
being shown along the length of said strip). 
At the same time, the presence of the local 

Current between the electrodes of the units B and 
C Will cause flow of the Secondary current be 
tween the electrodes of the units A and E, which, 
in turn will be the measure of the resistance of 
the more distant strata, and by Suitable means 
the inverse of this current may be plotted or 
shown on the strip 99 as a curve 9. The values 
of this curve 9 will therefore be a measure of 
the resistance of the strata, and therefore an 
indication of the presence of such materials as 
oils and the like therein. 

In connection with the foregoing it may be 
noted that the terminals of this galvanometer 
89 are permanently connected (if desired) to 

the lines 55 and 59 which connect to the elec 
trodes of said units A and E, so that indications 
Of this galvanometer will be given also by merely 
closing the test Switch 86. 
NOW it is usual to use the electrodes of said 

units A, B, C and E to trace the curves 89 and 
9 during a rising or withdrawing of the units 
from the bore hole, having previously, by suitable 
In eans, caused the tracing of a curve 92 on the 
photographic sheet or strip 90 to indicate the 
“natural potential' of the various strata. It will 
be noted that in a typical set of curves so traced 
or produced there will occur severe deflections 
such as at 93 and 94 in the curve 9, the same 
indicating great and sudden variations of strata, 
resistance, and being indicative of the presence 
of Such desirable materials as oil in said strata. 
It is also noted that during the operations of pro 
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ducing these curves it is necessary to resort to 
Special means, such as calibrations of cable 
stretch and the like under different loading con 
ditions, to know exactly how low the test elec 
trodes stand in the bore hole at the positions of 
such severe deflections, or other locations. Still, 
when once the curve 9 has been traced the loca 
tions of the severe deflections, such as 93 and 
94 will indicate locations at which it may be de 

Sired to take side-Wall samples in order to fur 
ther test or check the accuracy of the indications 
of Such curve, and the meanings of the defec 
tions thereon shown. Said curve 9 may be 
traced in the first instance by use of the elec 
trodes carried by my sampling units or by other 
means let down into the bore hole, as desired. 
Now, having in hand a curve such as that shown 

at 9, procured either by means of my Sampling 
units or by other separate test equipment, it will 
be seen that as a group of my sampling units is 
let down into the bore hole, the test Switch l86 
may be kept closed, SO that during such lowering 
operation the galvanometers 79 and 80 may 
be caused to trace curves 95 and 96, respective 
ly, On a strip 9 of Sensitized material; and dur 
ing such lowering said curves will closely follow 
the forms of the curves 89 and 9 of the elec 
trC-logging strip f 90, which curve 9 contains 
the Severe deflections 93 and 94 whose sig 
nificance it is desired to check and further analyze 
by procurement of samples from the side walls 
of the bore hole. When, therefore, during such 
lowering of the group of my units, with the test 
Switch closed during such lowering, the curve 
96 reaches the location of the severe deflection 
(for example, 98, corresponding to the deflection 
93 of the curve sheet 90), there will be imme 

diate indication that the sampling units have 
noW reached the location of the exact stratum 
which it is desired to side-wall sample, and fur 
ther lowering may now be arrested. Such in 
dication of correct elevation and position of the 
Sampling untis will be made with great exactness, 
and irrespective of exact elevation of the stratum 
neaSured in feet below the surface, and Will be 
an indication of the position of the sampling units 
With respect to the stratum itself. Furthermore, 
this means of locating the sampling units in the 
bore hole completely eliminates uncertainties 
of cable stretch, and the necessity of cable calibra 
tion for Such stretch, and ensures a reference of 
the location of the sampling units directly to the 
electro-logged position of the stratum which it is 
desired to analyze, without need of other com 
parisons or calculations. 

Having So located the sampling units at the 
exact position desired in the bore hole it is then 
possible to fire any one or more of the sampling 
units by merely closing the switches 74, 75, 
fi6, 77 and 78 to thereby selectively or simulta 
neously fire Said Sampling units at such location. 
In this connection, as a further refinement, and 
knowing the exact vertical dimensions of the 
Sampling units, it would be possible to slightly 
adjust the elevation of the group of sampling 
units between firing of successive units, so that 
all the Samples would be taken at exactly the 
Same elevation, even to the fraction of a foot. 
Now in connection with the foregoing opera 

tions it is noted that inadvertent closing of the 
test Switch 86 and the firing switch TG for 
the unit C simultaneously, the ground switch 68 
being also closed, would result in short circuit 
ing of the battery with consequent blowing of the 
protective fuse 69. In order to provide a pro 
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tection against such inadvertent simultaneously 
closing of the switches (86 and 76, I prefer to 
provide a suitable interlock 99 whereby said 
two switches cannot be closed at the same time. 

It is further noted that by provision of suitable 
insulating material on the outer surfaces of the 
various sampling units, the conducting of the 
electro-logging tests hereinbefore described will 
not be interfered with by improper flow of non 
desired local currents at the location of the 
sampling units. Thus, for example, such insula 
tion will prevent the short-circuiting of local 
stratum currents by the considerable vertical 
dimension of the group of sampling units them 
Selves. 

It is further noted that generally it is desired 
to have the electrodes B and C close together, 
and with the electrodes A and E quite removed 
from each other vertically, so as to ensure meaS 
urement of local stratum currents through a cor 
responding and known range of native rock 
deposits. When using five sampling units, as 
shown, it is therefore desirable to place a dead or 
“spacing' unit 25a between the units A and B SO 
that the distance between the units A and B will 
be equal to that between the units C and E, the 
unit D being a live or sampling unit. By this 
means proper complete spacing of the used elec 
trodes will be ensured. 
Now it is also to be noted that upon closing of 

the test switch 86 the line 5 for the sampling 
unit C is connected to the battery. However, the 
fact that the ground switch 68 is still open will 
prevent premature firing of the propellant charge 
of said unit C. It is further noted that the line 
56 for the unit B is at all times connected to the 

positive side of the battery, but such connection is 
made through the galvanometer 79 which is 
high resistance, and therefore does not of itself 
permit flow of sufficient current to fire the pro 
pellant charge of said unit B. Such charge will 
only be fired upon closing of the switch 75, the 
ground switch 68 also being closed. It is like 
wise noted that both of the lines 55 and 59 
for the two units A and E are permanently con 
nected together, but through the high resistance 
of the galvanometer 80; and hence the closing 
of either the firing switch 4 or the firing switch 
78 will result in firing only the intended unit, 

Since sufficient current cannot reach the other 
unit through said galvanometer to fire such other 
unit. 

It is also noted that the firing of any unit will 
cause a momentary disturbance in the indication 
being given by the galvanometer 80, and there 
fore in the form of the curve 96 at the position 
of the Severe deflection 98 noted thereon. This 
is true because of the disturbance to the currents 
flowing through the several circuits caused at the 
instant of firing any sampling unit of the group. 
Consequently I have provided a means for making 
a permanent record of the exact locations at 
which side-wall samples have been taken, said 
record being a portion of the record of the electro 
logging operations themselves. 

It may be noted that whereas the mechanical 
connection between the successive units as shown 
in Figure 1 is more or less rigid, it would be pos 
Sible to make use of fiexible connections between 
the units, as for example, the hook and eye ar 
rangements shown in Figure 18. By this means 
a group of such units would be enabled to more 
readily follow sudden variations in form or di 
rection of the bore hole. 
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One feature of my present invention relates to 

the use of the same lines for the electro-logging 
Operations as are used for the firing of the pro 
pellant charges. In this manner I make it pos 
sible to accomplish all of the functions of both 
these operations by use of a minimum number of 
said lines extending down from the ground level 
to the stratum being analyzed or tested. These 
lines generally are contained Within or carried 
by the cable which serves to carry its own weight 
as well as the Weight of the devices Secured to 
its lower end; and it has been found that the 
large tensions to which such cable is subjected, as 
Well as the Severe pressures exerted. On the layS 
of said cable where it passes over pulleys or onto 
the Winding drum present conditions resulting 
frequently in short circuiting or other damage to 
the electrical lines carried by the cable. Such 
tendency is aggravated by increase of the number 
of the electrical lines which must be carried by 
the cable; and by my scheme of using the same 
lines for both the electro-logging and testing 
functions, as well as the firing of the propellant 
charges I reduce the total number of lines neces 
Sary accordingly With consequent great benefits. 

It is noted that there is practically no tendency 
for leakage of either gas or liquid past the parti 
tion or plunger 42, since the pressures on both 
faces thereof are equal (disregarding very slight 
friction); and said partition serves primarily to 
keep the gases and the liquid isolated from each 
other. 

It is noted that in the schemes herein illus 
trated the travels of the partitions 42 (see Fig. 1) 
or 4 (see Fig. 18) bear a relationship to the 
travels of the plungers 60 (see Fig. 1) 23 (see 
Fig. 18), respectively, dependent on the relative 
areas (effective) of said parts. Hence it is pos 
sible to so design the device that the partition 

4, for example, may have a smaller travel than 
that of the working plunger. 
The combustible charge or explosive used in the 

chamber 29, or 2, as the case may be will be 
selected according to the wishes of the user; but 
generally it should be a 'slow-burning' propel 
lant, and may be a nitro-cellulose. For exam 
ple, deca-nitro-cellulose may be used, having 
substantially 6% moisture, and .4% stabilizer, 
said propellant having substantially 1,266,000 ft. 
lbs, energy released in the form of heat, per 
pound burned, at release to sea-level pressure and 
normal temperature. This propellant occupies 
substantially 27.66 cu. in. per pound. 

If We assume an effective pressure of substan 
tially ten thousand pounds on the cutter-head 
during a stroke of, say three inches, there will be 
consumed 2,500 ft. lbs. of energy. If therefore We 
make provision for release of 25,000 ft. lbs. Of 
energy in the combustion chamber we shall have 
a "factor of Safety' of ten to one. Such amount 
of energy may be readily released in the com 
bustion chamber when using the deca by use of a 
capsule or charge of, say, .01974 it weight. This 
will occupy a space of approximately .5449 cu. 
inches; so it is possible to readily accommodate 
Such charge in the combustion chamber of, say 
3% inches long by 1 inch diameter, as illustrated 
in Figure 1 of this case, and with a low “density 
of loading.' In fact, a considerably smaller 
chamber may be used, depending on the desired 
density of loading. 

It is also noted that after complete Combus 
tion, and prior to completion of travel of the par 
tition 42, the expansion of the gases Will be 
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adiabatic, and will conform to the laws of adia 
batic expansions, subject to heat loSSes to the 
walls. In this connection it is to be noted that 
event with a release of, say, 25,000 ft. lbs. in the 
form of heat this will be equivalent to 32.13 
B. t. u, so that excessive heating of the metal of 
the chamber and other parts will not occur. Still, 
it may be found desirable in some cases to line the 
Walls of the chamber 29 and passage 4 With hard 
heat-insulating material, such as compressed 
asbestos, or other material. 
I claim: 
1. Means to take and recover a sample of mate 

rial from the side wall of a well bore, or the like, 
comprising a body of size to be lowered into Said 
bore and provided with a radially extending cy 
lindrical opening in communication with the ex 
terior of said body, a plunger and cutter head 
assembly reciprocably and rotatably mounted in 
said cylindrical opening and including a circular 
cutter head of annular form surrounding a pocket 
or chamber in said assembly, said body also being 
provided with a chamber for accommodation of 
a charge of explosive combustible, and with an 
other chamber for accommodation of a free piston 
movably mounted therein, and said body also 
having a gas passage connecting said explosive 
combustible chamber with one end of said free 
piston chamber and having a liquid passage con 
necting the other end of Said free piston chamber 
With the radially extending cylindrical opening at 
a position behind the plunger assembly, there be 
ing a free piston working in the free piston cham 
ber between the connections of said passages with 
said chamber ends, and serving to Segregate 
liquid in one portion of said free piston chamber 
from gas in the other portion of said free piston 
chamber, a ported partition extending across the 
liquid passage aforesaid, the port whereof is of 
small cross-section to thereby check flow of liquid 
therethrough and thus to check the rate of de 
livery of said liquid to the cylindrical opening 
behind the plunger assembly, co-operative rota 
tive means in connection with said body and said 
plunger assembly constituted to cause rotation of 
Said plunger assembly during at least a portion of 
the reciprocation thereof in said body, and a 
spring connected to the plunger assembly and to 
the body and tending to draw said plunger assem 
bly inwardly in the radially extending cylindrical 
Opening of the body and within the confines of 
Said body, together with electrical connections 
carried by Said body for engagement by an ex 
plosive cartridge placed within the explosive com 
bustible chamber for ignition of said cartridge 
when said electrical connections are electrically 
energized, substantially as desired. 

2. Means to take and recover a sample of ma 
terial from the side wall of a well bore, or the 
like, comprising a body of size to be lowered into 
said bore and provided with a radially extending 
cylindrical opening in communication. With the 
exterior of Said body, a plunger and cutter head 
assembly reciprocably and rotatably mounted in 
Said cylindrical opening and including a circular 
cutter head of annular form surrounding a pocket 
or chamber of said assembly, said body also be 
ing provided With a chamber for accommodation 
of a charge of explosive combustible, and with 
another chamber intermediate between said cy 
lindrical opening and said explosive combustible 
chamber, and said body also having a gas pas 
Sage connecting said explosive combustible cham 
ber with one portion of said intermediate cham 
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28 
ber, and having a liquid passage connecting an 
other portion of said intermediate chamber with 
the radially extending cylindrical Opening at a 
position behind the plunger assembly, said gas 
passage connecting into said intermediate cham 
ber at a position higher than the connection of 
said liquid passage into said chamber, whereby 
said passages establish gas and liquid connections 
to said chamber, respectively, a ported partition 
extending across the liquid passage aforesaid, the 
port whereof is of small cross-section to thereby 
check the flow of liquid therethrough and thus to 
check the rate of delivery of said liquid to the 
cylindrical opening behind the plunger assembly, 
said intermediate chamber, liquid passage and 
port of said ported partition, and said cylindrical 
opening behind the plunger assembly being 
adapted to receive and retain a body of liquid fill 
ing said liquid passage and port, and filling Said 
space behind the plunger assembly, and filling 
said intermediate chamber to a pressure Surface 
of said body of liquid which pressure surface Con 
tacts the walls of said intermediate chamber on 
a continuous line of contact which line passes be 
tween the connection of the gas passage into Said 
intermediate chamber and the connection of the 
liquid passage into said chamber, whereby pres 
sure exerted through the gas passage from the 
explosive combustible chamber into said interme 
diate chamber acts through the intermediary of 
said pressure surface of said body of liquid to 
place said body of liquid under pressure depend 
ant on said gas pressure, and said body of liquid 
acts through said port of said ported partition 
to exert pressure against said plunger assembly, 
co-operative rotative means in connection with 
said body and said plunger assembly constituted 
to cause rotation of said plunger assembly during 
at least a portion of the reciprocation thereof, 
in said body, and a spring connected to the 
plunger assembly and to the body and tending 
to draw said plunger assembly inwardly in the 
radially extending cylindrical opening of the body 
and within the confines of said body, together 
with electrical connections carried by Said body 
for engagement with an explosive cartridge 
placed within the combustible chamber for igni 
tion of said cartridge when said electrical con 
nections are electrically energized, substantially 
as described. 

3. Means as defined in claim 1, wherein said 
ported partition includes a ported plug remov 
ably mounted in said partition and said plug hav 
ing a ported opening of calibrated size, Substan 
tially as described. 

4. Means as defined in claim 1, wherein said 
bcdy is provided with a leakage port extending 
from the explosive combustible chamber to the 
outside of the body, substantially as described. 

5. Means as defined in claim 1, wherein said 
body is provided with a leakage port extending 
from the explosive combustible chamber to the 
outside of the body, and a fusible plug closing 
said leakage port and fusible under temperatures 
generated by the combustion of the explosive 
cartridge, substantially as described. 

6. Means as defined in claim 1, wherein Said 
body is provided with a port extending from the 
explosive combustible chamber to the outside of 
the body, together with a removable ported plug 
inserted in said body port and having a leakage 
port of calibrated size, substantially as described. 

7. Means as defined in claim 1, wherein said 
ported partition includes a ported plug remov 
ably mounted in said partition and said plug hav 
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ing a ported opening of calibrated size, and 
whereign said body is provided with a port ex 
tending from the explosive combustible chamber 
to the outside of the body, together with a re 
movable ported plug inserted in said body port 
and having a leakage port of calibrated size, Sub 
stantially as described. 

8. Means as defined in claim 1 wherein said 
means to rotate said plunger assembly acts to ro 
tate said plunger assembly in one direction dur 
ing outward projection of said assembly against 
spring tendency, substantially as described. 

9. Means as defined in claim 1, wherein said 
means to rotate said plunger assembly acts to 
rotate said plunger assembly in one direction 
during outward projection of said aSSembly 
against spring tendency and acts to permit re 
traction of said plunger assembly by Spring tend 
ency without rotation of said assembly during 
such retraction, Substantially as described. 

10. Means as defined in claim 1, wherein said 
means to rotate said plunger assembly acts to 
permit initial projection of the plunger assembly 
outwardly against Spring tendency and Without 
rotation of said assembly, followed by rotation 
of said assembly during further outward projec 
tion of said assembly, substantially as described. 

11. Means as defined in claim 1, wherein said 
means to rotate Said plunger assembly acts to 
permit initial projection of the plunger assembly 
outwardly against Spring tendency and without 
rotation of said assembly, followed by rotation 
of said assembly in one direction during further 
outward projection of said assembly, and Wherein 
said means to rotate Said plunge rassembly acts 
to permit initial retraction of said assembly un 
der spring tendency, with an initial retraction 
Without rotation, followed by rotation of said as 
sembly in the direction contrary to said rotation 
during outward projection aforesaid, substan- 40 
tially as described. 
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12. Means as defined in claim 1, wherein said 

plunger assembly includes a plunger element re 
Ciprocably and rotatably mounted in said cylin 
drical opening of the body and an annular cutter 
element removably connected to said plunger ele 
ment removably connected to said plunger ele 
ment, Substantially as described. 

13. Means as defined in claim 1, wherein said 
plunger assembly includes a plunger element re 
Ciprocably and rotatably mounted in said cylin 
drical opening of the body, and having a material 
receiving chamber, together with an annular cut 
ting element removable connected to said plunger 
element, Substantially as described. 
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