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GRANT 020 
APPLICATION OF VIBRA-CORER DRILLS

FOR 
RAPID OVERBURDEN SAMPLING

INTRODUCTION

The Sonic Vibra-Corer Drill, invented by F. W. Wink 

in the late 70's, has undergone research and development 

studies during 1982-1983. Tests were performed on the safety, 

performance, abilities, limitations and efficiency of the 

equipment while improvements were made on the drill and its 

ancillary equipment.

The fundamental operating principles of the Sonic 

Vibra-Corer Drill are simple. A high-speed vibratory mech 

anism inside the drill head, sets up a vibration that is 

transmitted directly to drill rods which vibrate into the 

ground. The resultant, non-rotative penetration provides 

a contained sample inside the rods which is representative 

of both a relatively undisturbed and uncontaminated sample 

of the overburden thus penetrated.

There are a number of overburden drills now on the 

market. However, none of the portable types and only a few 

of the larger systems provide a sample which can be related 

to an exact footage below the surface, nor do they allow the 

material to be observed in an in-situ condition as this drill 

does.

Manuscript approved for publication by E.G. Pye, Director, Ontario Geological 
Survey, November 22, 1983.

This report is published with the permission of E.G. Pye, Director, Ontario 
Geological Survey.
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One drill, the Hawker Siddeley, utilizes a similar 

operating principle, but it is a much larger drill and is 

certainly not readily transportable.

The calculations contained in the report were 

assumed under the worst possible conditions in order to 

ascertain the drill performance limits. These conditions 

assume drill operation at the maximum system speed. When 

the system is at maximum speed, the vibratory forces and 

stresses on drill components would also be maximum.
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NUMMARY

A program was performed by Sonic Soil Sampling Inc. 

of Toronto, Ontario, under the auspices of the Exploration 

Technology Development Fund. This study documented the advan 

tages, limitations and possible improvements to the Wink Vibra 

corer Overburden Drill, when used as a mining exploration tool,

A series of experiments, both in the laboratory and 

in the field, not only attempted to determine the attributes 

and restrictions of each component of the Vibra-Corer system, 

but also the entire system for penetrating overburden effic 

iently and economically. The results will hopefully aid in 

modifications to the system which may increase the present 

potential of the drill.

Results from these tests showed that the existing 

design has no major mechanical faults. The only component 

failures to date has been a drill head bearing and a drive 

fitting which is used as a safety interlock. Every part 

has been designed to optimize safety, portability and dur 

ability. Any increase to the systems performance potential 

would require minor redesigning of certain specialized 

components.
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It was found that the existing unit is extremely 

effective in drilling most types of overburden where either 

the water content or the interparticle spacing of the over 

burden grains are reasonably high. As the grain spacing 

and water content increase, so does the penetration rate 

of the drill.

DES.CRI.P.TI.ON Of E&UI.P.MENT

The Wink Vibra-Corer drilling system consists of 

four major components: the drill head, the power source, 

a flexcable that connects the two together and the drill 

rods. The limitation on the overall size of all the com 

ponents is the unit weight which effects ease of handling 

for operation and transportation of the equipment. 

VIBRA CORER DRILL HEAD

The drill head, weighing only 12 kilograms, is the
*

main component. Its physical dimensions only being 18 centi 

metres long, 20 centimetres high, and 9 centimetres wide is 

therefore completely portable.

Inside the drill head casing is an eccentric that 

is suspended between two special bearings. When this eccentric 

is subjected to high rotational speeds, a vibration and cent 

rifugal force is produced. The combined forces allow the drill 

rods attached to the head to settle into the ground.



- 5 -

FLEXCABLE

A flexible driveshaft is used to drive the Vibra 

corer drill head from the power source. The use of a flex- 

cable is desirable to allow easy operation of the equipment 

by having the power pack close to the drill area, and to 

provide reasonable manoeuvreability of the drill head within 

that area. The flexcable can be coiled into a relatively 

compact, light and portable package. 

POWER SOURCE

The power source is either a five or seven horse 

power air-cooled gasoline engine. It is a lightweight, 

general purpose engine. For applications involving terrain 

that is difficult to penetrate or drill depths of 50 metres 

or more, the seven horsepower engine is used. If an engine 

of greater power were used, the weight would be increased 

without adding significant gain in penetration rate. In 

turn, an increase in the weight would decrease the manoeuvre 

ability of the entire system.

Attached to the output shaft of the engine is a 

centrifugal clutch. This allows not only easier operation 

of the equipment, but also acts as a safety precaution. If 

there were a mechanical fault within the drilling system 

(eg. a bearing seizure in the head at high speeds), the 

clutch would slip. This slippage prevents damage to the
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vibra-corer system and permits the operator to stop the 

drive engine. The clutch's limitations are few, having a 

maximum speed in excess of 15,000 RPM. 

DRILL RODS

The drill rods used with the Sonic Vibra-Corer 

system are standard diamond drill rods, thus ensuring avail 

ability and low cost since they* are used world wide. The 

type used most often is 'BQ 1 , sized as shown in FIGURE 1. 

BQ drill rods allow sufficient sample to be obtained for 

sample testing and are comparatively light, weighing only 

four pounds per foot. An advantage offered by the Vibra 

corer drill is the adaptability to almost any size drill 

rod/casing. The maximum drill rod size tested has been 

slightly over 4.5 inches in diameter.

SIZE

AQ

BQ

NQ

O.D. 
(ins)

13/4

23fl6

23/4

ID. 
(ins)

13/8

1 13/16

23/8

WEIGHT
PER FOOT 

(Ibs)

3.1

. 4.0

5.1

LENGTH 
(FT)

5.0

' r

figure 1
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PLASTIC DRILL RODS

In some applications where the overburden is of a 

moist, homogeneous consistency, plastic drill rods are being 

utilized instead of steel drill rods. These plastic rods are 

lighter than their steel counterparts and allow easier hand 

ling.

Utilizing plastic for drill rods, to date, has shown 

an increase in penetration and recovery rates when drilling in 

moist, homogeneous overburden. A restriction exists when 

drilling either deep or rocky ground. The plastic tubing, 

being more resilient than steel, binds in the latter material, 

reducing penetration.

A core catcher is used at the bottom of the drill 

rods when the sample is very wet or fine grained. 

WINCHES

Winches of various types are used,to extract the 

drill rods from the overburden. In some cases, a 'gin pole 1 

(weighing 25 pounds) is used as a winch platform. The winch 

is attached to the mid-section of the gin pole. The cable 

from the winch goes through a sheave which is located at the 

top of the gin pole, allowing a seven foot free travel length 

of cable for raising the drill rods out of the ground. An 

illustration of this is shown in FIGURE 2.



WINCH APPARATUS

WINCH CABLE

-
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ANCILLARY E Q. U I. P. M E N T 

SIDE CORE EJECTOR

The side core ejector (see photographs in the Appen 

dix) is a unique piece of equipment for sampling o pre-determ 

ined section or horizon of the overburden. This component is 

adapted to be joined to the drill rods and allows unwanted 

material to be ejected laterally from the drill rods. When 

a hole needs to be re-drilled after hole caving, the side 

ejector will eject the caved material down to the desired 

drilling depth, thus producing a contamination-free sample 

below the cave.

SPLIT CORE TUBE

A split core tube, somewhat similar to a diamond 

drill core tube, is a specialized piece of equipment that 

allows the observer to view the overburden sample exactly 

as it comes out of the ground. 

WIRE LINE

An adaptation of the diamond drill wireline has 

been perfected to allow an overburden sample to be taken 

while the drill rods are left in the ground. By retrieving 

the sample without retrieving the drill rods, time spent in 

drilling a hole is greatly decreased and the possibility of 

contamination of the sample is reduced. A problem may arise 

with extremely fine and wet overburden when core tube may wedge
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OPERATION

The drive engine of either five or seven horse 

power is used to power the Sonic Vibra-Corer drilling 

system. The speed is then stepped up three-to-one by the 

use of V-belts. Speeds in excess of 10,000 RPM, with a 

maximum allowable speed of 12*000 RPM, are then delivered 

to the drill head via a 14-foot flexible drive shaft. 

Inside the drill head, this high rotational speed is 

translated into a highly unbalanced force. This unbalanced 

force, when directly transmitted to drill rods, enables the 

rods to penetrate overburden.

When the drive engine is stopped and the drill 

rods are pulled out of the ground, an in-situ sample is 

contained inside the drill rods. When extracted from the 

drill rods, a representative uncontaminated and undis 

turbed sample is obtained.



- 11 -

X H i. T S. MADE DURING GRANT 

1. SAFETY

The Wink Vibra-Corer overburden drill was origin 

ally built with several safeguards against hazards to the 

operator and the equipment, but up to the time of the 

Ministry of Natural Resources' Grant none of these factors 

had been tested. During the grant period, each of the major 

drill components were tested to the point of failure of that 

component.

a) DRIVE ENGINE

The drive engine is basically a general purpose, 

air-cooled gasoline engine that has been designed and built 

under strict industry standards and any hazards to the oper 

ator are virtually non-existent. However, attached to 'the 

drive engine is a centrifugal clutch and a V-belt speed 

inducer, which increases revolutions by up to four times the 

speed of the motor.

During tests on the various components of the drill 

and tests to point of failure, it was decided that the clutch 

was a built-in safety factor. Failure of any other part of 

the drill, such as seizure of the drill head or flexcable, 

causes slippage of the clutch and allows the operator to stop 

the drive engine.
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b) FLEXCABLE

The flexcable transmits rotary motion from drive 

motor to drill head by utilizing a flexible shaft inside a 

protective sheath. This protective sheath is a composition 

of steel wrappings and rubber, isolating any moving parts 

away from the operator. Connected to each end of the flex 

cable are specially designed drive fittings. Should any 

drive line problems arise, one or both of these fittings 

will fail. When the problem is alleviated, these fittings 

can be easily replaced.

c) DRILL HEAD

Specific tests were implemented to establish the 

breakdown parameters of the drill head casing. This casing 

was subjected to loading stresses in excess of 40 MPa, 

without any sign of failure. Since the maximum operating 

conditions impose loading stresses in the order of 20 MPa, 

failure is unforeseen.

2. LUBRICATION

Some of the components of the Sonic Vibra-Corer 

drilling system operate at very high speeds. Because of the 

high speeds, special attention must be paid to lubrication to 

prevent component failure. Since this equipment is operated 

in isolated areas, it is important that component failures 

be kept to a minimum.
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The sites at which the drill can be utilized will 

vary greatly. So far, sites have ranged from the jungles of 

South America to the Canadian Arctic. A lubricant that is 

too viscous produces high frictional losses and possible 

parts breakage, especially when operated in extreme cold. 

A lubricant that is too light will break down quickly, if 

operated for long periods of time in a hot environment. 

Breaking down of the lubricant will produce a metal-to-metal 

contact between parts, generating more unwanted heat and 

eventual component failure. Factors affecting the type of 

lubricant used are type of environment (eg. dusty, hot, humid, 

etcetera), lubrication interval, frequency of operation and 

condition of equipment.

a) DRIVE ENGINE

The drive engine is a four-stroke, air-cooled, 

gasoline engine. The manufacturers recommend the use of a 

multi-grade oil of either S.A.E. 10W-30 or S.A.E. 10W-40.

These grades of oil will allow the engine to perform at

o o ambient temperatures from O F to 100 F.

b) FLEXCABLE

At the time of writing this report, no technical 

literature was available on the flexcable design. The type 

of lubricant used to date is a high temperature synthetic 

grease.
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Since the flexcable is not a sealed unit, the use 

of grease instead of oil is necessary to keep the lubricant 

inside the protective casing (FIGURE 3) . A synthetic grease 

is used for two reasons: (1) Its operating range allows it to 

be used in very low and high ambient temperature conditions. 

(2) Its unique properties promote low frictional loss at low 

temperatures.

At high rotational speeds in the order of 12,000 RPM, 

heat generation is a problem. - If the protective lubricating 

film weakens, which may occur with a low viscosity grease, 

there will be a metal-to-metal contact of the inner and outer 

core. If the viscosity of the grease is too high, there will 

be binding and possible breakage of the inner core.

FLEXIBLE DRIVESHAFT

FABRIC AND RUBBER 
PROTECTIVE SHEATH

OUTER STEEL CASING

INNER CORE 
(STRANDED STEEL)

REASE (SYNTHETIC)

C ROSS-SECTION
figure 3
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c) DRILL HEAD

The drill head is the single most important part of 

the Wink Vibra-Corer system. All other drill pieces are 

basically obtained as standard, off-the-shelf items. There 

fore, special attention must be taken to ensure proper run 

ning of the drill head. If lubrication were not considered, 

a variety of problems might arise, such as bearing damage, 

undue heat generation, seal failure, possible casing damage 

and loss of power.

Oil lubrication instead of grease is generally 

recommended where high temperature, high speed operation 

requires cooling and circulation. Also, since the speeds 

are extremely high, a very "clean" oil should be used to 

reduce bearing wear. According to Pennwalt precision lubri 

cants, under the existing conditions, a diester synthetic 

lubricant, such as KSL 112, should be used. This lubricant

can be used in ambient temperatures ranging from -40 F to

o 500 F and is designed for' high temperature, high load bearing

applications.

Inside the drill head a static oil level is utilized 

to supply lubrication to the special bearings. If this level 

is too low, there would be insufficient lubrication for the 

bearings resulting in overheating or damage of the roller 

elements.
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If the static level is too high, there would be 

excessive churning of the lubricant, causing foaming and 

overheating. During operation, the oil level should still 

contact the lowest rolling element.

Observation of the casing interior during head 

operation when at maximum speed, shows that oil tends to 

hang together like a rope, which wraps itself around the 

shaft. This in turn acts like a giant brake resisting the 

rotation. Frictional losses caused by the lubrication can 

be reduced by oil baffling or a larger sump.

The higher the rotational speed, the higher the 

temperatures due to frictional forces of the rolling elements.

Through laboratory tests, the optimum lubrication 

interval for the drill head was calculated to be 460 hours.

2.ENETRATI.ON

Most of the time spent on testing this drill, both 

in the laboratory and in the field, was to ascertain what 

materials the drill would or would not penetrate/core and 

at what rate of speed.

Primary test work in the laboratory was done to 

ascertain why vibration without rotation caused steel or 

plastic rods to penetrate overburden without plugging, as 

occurs in percussion drills.
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The first test used a 5-foot rod with the drill 

head attached and photographs were taken to show rod 

vibration. As can be seen in the attached photograph, 

taken with a strobe light, the rod was vibrating laterally 

with a sinusoidal pattern. Vibrations were at a maximum 

with approximately 4-foot centres with a null in between. 

Regardless of the length of rod, the maximum pattern was 

always at the bottom of the rod.
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Other laboratory testing showed an air space was 

created by the vibrations both inside and outside the drill 

rods. The material both inside and outside the drill rods 

was compacted. This caused a casing effect outside the rods 

whereas inside the rods the material remained at practically 

a constant height but had any water vibrated out of it, 

making a semi-solid core. (See FIGURE 4).

PENETRATION OF THE DRILL RODS

\
DRILL BIT

BUFFER ZONE

COMPACTION OF 
DRILL HOLE WALL

figure 4
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The penetration rate of the drill rods depends upon 

several variables, some of which are listed below. Each var 

iable will also be discussed further in more detail.

1. Types of overburden

2. Overburden moisture content

3. Operating speed of drill

4. Cutting bit (shoe) design 

1. TYPES OF OVERBURDEN

According to the penetration rates, (FIGURE 5), the 

values seem to vary widely even when drilling what appears to 

be the same material. In fact, two seemingly identical mat 

erials can and do react with totally contrasting results. 

This could be due to several minor subleties in the material, 

such as moisture contents, grain size, etcetera.

In certain materials (such as mine tailings), pene 

tration rates are as high as one foot per second. The drill 

sometimes penetrates faster, but it was found to 'plow* and 

produce a reduction in the sample obtained if allowed to 

penetrate too quickly.

Through material such as some varved clays, the 

drill stops penetration after a few feet and extraction of 

the drill rods is extremely difficult. This is caused by the 

resiliency of the clay which dampens the vibrations and 

restricts the drill rods, as illustrated in (FIGURE 6).
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Silt is a very fine-grained material that is extrem 

ely easy to drill. In this material , the Vibra-Corer drill 

has fast penetration times, excellent sample recovery and is 

relatively easy to evacuate the drill rods of its sample.

Clay, on the other hand, can act quite the opposite. 

The difference between clay and silt is not necessarily the 

grain size but that some clays are more compact and have a 

lower water content than others. In fact, at lower water 

contents, the harder it becomes to drill. Some varved clays 

are the type of material that the Vibra-Corer drill has the 

most trouble penetrating.

As the particle size increases from clay, the pene 

tration rate increases. This may in part be due to the 

increased interparticle spacing which allows the material to 

shift easier with the vibration.

Sands and gravels are easily penetrated and cored 

with faster penetration below the water table.

Cobbles and round boulders usually present no problem 

with most boulders vibrating to one side, allowing the drill 

rods to pass.

When the drill rods hit bedrock, the drill head 

and drill rods virtually jump everytime contact is made. 

A boulder, on the other hand, is more resilient, and the 

drill stops penetration but there is no 'jumping 1 of the 

drill head and drill rods.
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PENETRATION OF SAND VERSES CLAY

SANDY.MOIST MATERIAL RESILIENT CLAY

^ BUFFER ZONE|lfe5

CLAY ACTS 
LIKE A ONE
WAY GRIP

-VIRTUALLY NO BUFFER ZONE
m

figure 6
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2. MOISTURE CONTENT

Moisture content of the overburden plays an import 

ant part in penetration rates. The greater the moisture

content of the overburden, the faster the penetration rate.
i 

When water freezes, however, penetration is greatly reduced.

As the moisture content increases, so does the 

lubricating effect it produces, as the viscosity of the over 

burden decreases. When this happens, the grains of overburden 

are allowed to vibrate more freely. This allows the buffer 

zone between the drill rods and the drill hole to be more 

easily established, and the drill rod can thus penetrate the 

overburden material faster. (as shown in FIGURE 7)

7 8 9 

WATJ5R CONTENT
10 12 13 14 15
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3. OPERATING SPEED

As the operating speed of the drill in increased, 

so are the number of vibrations per unit time and drive force. 

With a slow vibration, the surrounding material has time to 

fall back in towards the drill rods, therefore, slowing its 

progress. As the vibration frequency is increased, the sur 

rounding material has less time to fall back in on the drill 

rods, thus reducing the frictional forces and allowing the 

drill rods to penetrate unimpeded.

As the vibrations per unit time are increased, so 

is the amount of heat being generated due to the increased 

movement of the particles of overburden. This heat gener 

ation promotes some drying of the drill hole walls and 

promotes some "casing" of the drill hole.

4. SHOE DESIGN

In most cases,-a cutting bit or casing shoe is not 

needed for penetration as all particles or pieces are vibrated 

away from the shoe. This is particularly evident in a wet, 

fine-grained type of overburden where the rods, without a 

casing, penetrate without causing any wear on the pipe threads 

at the lower end of the drill rods.

However, for particularly fine moist overburden, a 

core catcher is necessary, which inserts into the bottom of 

the casing shoe.
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Also, it has been found that resilient clays which 

are not readily penetrated by the standard casing shoe can 

be penetrated by a serrated or saw-tooth bit.

Experiments are being conducted, using various bits, 

at the present time.

EIfiQ.Vg.RX of S A *1 g. L E

The percentage of sample recovery is difficult to 

assess. Results of field testing and laboratory testing 

were at odds, which can be partially attributed to the dif 

ference in the homogeneity of the man-made compaction of 

material and the man-made moisture content with laboratory- 

made soil mixtures.

In the field, tailings deposits, sands, small gravel 

and clays appeared to give 10C^ recovery. With very moist 

samples such as lake bottom sediments, recovery was probably 

100/6 but as the water is vibrated out of the material, the 

core in the tube was at times only 5056. When drilling areas 

of large gravel, cobbles larger than the drill rods or areas 

containing boulders, the sample in the tube varied from 8096 

to as low as 1096.

In the laboratory, recovery tests were made at var 

ious engine speeds. As the speeds, and hence the vibration, 

increased beyond a certain speed, recoveries decreased as shown 

in FIGURE 8. The highest recovery in the laboratory was 87?6.



- 26 -

1600 2000 2400 2800 
ENGINE SPEED (rpm)

3900 3600
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CONCLUS.I2NS.

A significant number of field tests have been con 

ducted on a variety of overburden material types to assess 

the performance of the Vibra-Corer drill. The materials 

include sand, gravel, glacial till, clay (varved and homo 

geneous saturated), and mixtures of these materials at depths 

of up to 40 m.

Dry varved clay materials and certain other types 

of clays found in southern Ontario are drilled with difficulty 

and penetration rates observed are low when the Vibra-Corer 

unit is used. Nevertheless, in all other types of materials, 

rapid rates of advance and high recovery rates are common. 

The speed penetration in such soils, notably loose, cohesion 

less materials, varies significantly with changes in soil 

moisture content and the frequency of drive head vibration 

achieved. A direct correlation between increasing water 

content and increasing penetration rate has been established. 

A similar correlation is observed to occur between an increase 

in frequency of the drive mechanism and penetration rates for 

materials exhibiting uniform moisture content conditions.

No established correlation between penetration rate 

and depth has, as yet, been observed. In timed field trials 

at a tailings overburden site, a general decrease in penetra 

tion rate versus depth was recorded for the majority of test 

holes observed.
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In several test holes, however, a steady increase 

in penetration rate with depth was noted to occur. Such 

increases in penetration rate would occur with depth due 

to several factors, these are:

1. The increasing weight of drill rods, at greater hole 

depths, thereby increasing the vertical driving force

2. Overburden moisture content increasing with depth

toward the local water table horizon.

Penetration rates would be expected to decline with 

depth in cases where little change in soil moisture content 

exists. Such conditions would be typical in loosely compacted, 

granular aggregate materials, such as coarse sands, where excel 

lent drainage conditions and depressed water table elevations 

may exist. Therefore, it is feasible to assume that frictional 

resistance between the dry soil/drill rod interface would 

increase linearly with depth, thereby restricting penetration, 

as has been observed.

Recovery potential, from both laboratory and field 

tests, appears to be variable, with the least recovery obtained 

in laboratory tests using loosely compacted sand material 

(density ranging between 1.50 and 1.79 g/cm ) without a core 

retainer within the drill string. Recovery values varying 

between 60^ to 8796 were obtained from laboratory tests. Similar 

field estimates occur when drilling cobble or large granular 

aggregate materials.
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Sample recovery in laboratory and field testing was 

found to vary considerably. 100^ recovery was noted to be 

the norm in the field and lower recovery was obtained during 

laboratory tests. This would probably be due to differences 

in sample density and porosity characteristics between man- 

made and naturally-occurring soil mixtures.

Future tests are being devised to improve pene 

tration response in resilient clays by the use of either water 

lubricants injected through the drive head, or novel cutting 

bit designs.

Specific tests were also implemented to establish 

breakdown parameters pertaining to operating safety and equip 

ment durability. The drive head casing was subjected to load 

ing stresses in excess of 40 MPa, without undergoing failure. 

Under standard operating conditions, peak loading stresses 

in the order of 20 MPa were recorded, but not exceeded.

A Vibra-Corer unit was allowed to operate in impene 

trable ground without lubrication within the drive head to the 

point at which bearing failure was promoted. It was found 

that several mechanisms exist to stop violent drive head 

failure. Should the drive unit seize up, one or all of the 

following conditions may occur:



- 30 -

1. The engine clutch disengages.

2. The drive engine gear box yields

3. The male connecting end of the power flex-drive

cable shears through.

In all cases, no danger to the operators of the 

Vibra-Corer unit are foreseen. There appears to be sufficient 

built-in safeguards to make the equipment quite safe.

Additional work, presently underway, includes the 

adaptation of wire-line equipment and split tube core barrels 

for easier recovery of completely undisturbed samples, suit 

able for geotechnical analysis. Such work may be complemented 

by the adoption of thin-walled plastic liner tubes fitted 

within the present core barrel structures.
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