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 Abstract: In order  to examine  dependencies of  hydro-pressure and  ice ternperature in

ice cutting  performance of  a  drill fbr deep ice coring,  experiments  en  ice cutting  were

carried  out under  liquid pressure from O.1 MPa  to 3e MPa  at temperatures  of  12.3,

-40,30C and  --62.00C changing  the rake  angle  ef  the ice cutter, The results  showed  the

penetration speed  of  the dri11 for a given rake  angle  dccreased for at lower temperature

and  higher pressure: for a cQnstant  penetration speed,  larger torque was  required  at higher

pressure  and  iower temperature.  Also, the larger the rake  angte, the smaller  the

penetration speed.  When  the rake  angle  of  the ice cutter  was  170, the dri11 perfbrrned at

the dcsigned penetration speed.

                            1. Introduction

    Deep  ice core  dri11ing will  be carried out  by the Japanese Aiitarctic Research Expedition

(JARE) from l995 at Dome  F, Queen Maud  Land, East Antarctica. Dome  F is located at

77018'S, 39041'E, about  1000 km  south  west  of  Syowa  Station, The annual  average

temperature and  elevation  at Dome  F are  estimated  to be -58.60C  and  3810 m  above  sea

level. The  inhospitable environrnent  under  these conditions  is quite severe  for drilling and

logistics. The  first priority of  the core  drilling is to obtain  a  good quality of  core  and

proper drill penetration speed.  The aim  ofour  experiment  is to know  the best design ofthe

drill (cutter) which  satisfies  the above  priorities under  low temperature and  at high liquid

pressure, The  experiments  were  done in the liquid pressure range  of  O (atmospheric
pressure) to 30 Mpa  at ice temperatures  of-12,30C,  -40.30C  and  

-620C
 in order  to learn

the ice cutting  perfbrrnance at different rake  angles.

                  2. Experimental  Apparatus and  Method

   The  first experiment  was  carried  out  in order  to examine  the performance of  the drill

cutter  in coring  under  various  liquid pressures at temperatures  of  
-12.30C

 and  
--40,30C.

For the experiment  under  high liquid pressure, an  apparatus  haying a  pressure chamber  was

prepared as  shown  in Fig. 1. A  test drill and  ice sample  are  set in the pressure chamber.

The  design ofthe  drill head is given in detail in Fig. 2, The  rake  and  reliefangle  of  the

cutter  were  set to 400 and  200, respectively, The  pitch was  2.5 mm.  The  drill was  fixed

on  rod  A  (in Fig. 1) which  can  turn and  move  vertically  almost  without  frietion (the tuming
is stopped  by the torque measuring  toad cell), and  is supported  by the movable  outside

frame B. The rod  C  fixed on  frame B  is equipped  to keep the pressure of  the chamber

constant  during the drilling. That is, as  the diameters ofrod  A  and  C  are  equal,  the volume

124



National Institute of Polar Research

NII-Electronic Library Service

NationalInstitute  ofPolar  Research

An  Expcriment on  lce Cutting 125

change  in the chamber  due to penetration ofrod  A into the chamber  can  be caneeled  by the
withdrawal  of  rod  C  from the chamber.  The ice samples  were  cut  out  from an ice block,
and  put into a  cylindrical  vessel, The  gap between the sample  and  the vessel  was  fi11ed
with  water  which  is arlowed  to freeze. The vessel  was  attached  to a rod  D (Fig. 1), which
was

 
rotated

 by a motor  with  reduction  gears at 134 rpm. A  silicon  liquid was  used  to
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Fig. J. Experimental tmparatusfor  ice cutting  in a  liquid under  high pressure,

apply  the hydrostatic pressure to the ice sample  in the chamber.

    The experimental  procedure was  as follows: After the ice sample  was  set  in the
charnber  fi11ed with  the Silicon liquid, the pressure was  applied  by use  of  an  oil hydraulic
pump. The  sample  was  kept under  the setting  pressure for 1 to 2 hours in order  to settle the
sample  at the high pressure. Then, the drill was  caused  to is penetrate into the rotating ice
sample  by pushing the outer  frame B through a load cell by hand, keeping the penetration
speed  as  constant  as  possible, The load and  torque  applied  at the cutter  edge  and  the liquid
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pressure in the chamber  were  recorded  automatically  through  the load cells. The

temperature was  measured  by using  a  thermo-couple  sensor.

    In the second  experiment,  the perfbrmance of the drill cutter  with  different rake  angle

(Fig. 2) at -620C  was  tested. A  handy electro-mechanical  drill 23 kg in weight  and  50 cm

in length was  used.  The  design ofthe  drill head is similar  to that shewn  in Fig. 2 (b), but

three cutters  are  arranged  in this drill instead oftwo.  An  ice block 50 cm  high was  used  in

the experiments,  The  penetration speed  was  measured  directly.

    All of  these experiments  were  carried  out in a cold  room  which  was  controlled in the

temperature range  of-5OC  to -650C.
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3. ExperimentalResults

3.1. Dqpendence on  liquidpressure and  temperature

    In this experiment,  the applied  load (i.e. contact  pressure) at the cutter  edge  and  the

rotational  torque  of  the drill were  recorded  automatically  through the load cells,  The

penetration speed  of  the drill can  be determined from  the design pitch and  the drill rpm,
However,  as  the drill could  not  penetrate into the ice sample  with  the design pitch, the

average  width  between spiral  flaws, made  by the cutter  edges,  on  the surface  ofthe  ice core

was  used  as  the pitch.
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Figure

 
3a

 shows  the results  of  the relationship  between pitch and  the load at the
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pgnetration load whep  the pitch is constant.  That is, drilling under  lower temperature and
higher

 pre.ssure requires  larger load at the edge  of  cutter  when  the drilling is done at a
cgnstant

 pitch. The  rerationships between load and  pressure at -40.3eC  and  -l2.30C  and

lll/irohwlinMglllqauraetighnOs)Vn 
in
 
Fig'

 
3b'
 
The

 
best

 
fit
 
lines

 
in
 Fig. 3b can  be expressed  by the

Fig, 3a,

"EEv=e--aO
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71he
 
retationship

 between thepitch  and  load at  the cutter  
's

 ecige. The hollow boxes indicate data
at--i2,3ec;
        

the
 solid  bexes are  at 

-40,30C
 7)ie rake  angle,  reliefangie  andpitch  are  constant

as  shown  in FZg.          2b, 7hesize ofboxes indicates the range  ofthe clata.

At 
-12.3

 
Oc,

and  at43.3  
OC,

L-exp  ( O,O02 P  +  1.66 ), (1)
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Fig. 3b. TIie relationship  between load andpressure  obtainedfrom  Fig. 3a forapitch of1 ntm.

L -  exp  ( O.O03 P  +  2,O ), (2)

where
 L is load on  the cutter's  edge  and  P  is the liquid pressure, The load increases

exponentially  with  increase of  liquid pressure, Also, as shown  in Fig. 3a, the relationship

between the pitch and  load at T=  -12.30C  and  P  
=

 30 MPa  was  almost  the same  as  that at

T  =  -40.30C  and  P  =  1O MPa.

    The values  of  rotatienal  torque  were  plotted against  the load on  the cutter edges  in

Fig. 4a, P is the liquid pressure in the chamber.  The  value  oftorque  was  about  
O.15

 
kg･m

at -12,30C and  -40,30C  without  liquid pressure (atmospheric pressure) fbr all load values.

However, when  the pressure is applied  in the chamber,  the torque fbr penetration increases

quickly with  only  small  increase ofthe  load. The change  oftorque  against the load at P  
=

30 MPa  and  T=  -12.30C  indicated the same  tendency  as  at P  
=

 1O Mpa  and  T=  
-40.30C.

The  relationship  between the liquid pressure and  cutter  load L at torque  of  1,O kg･m  (Fig,
4b) can  be expressed  by the fo11owmg equation,

At -12.30C,

L!exp(O.O02P+1,16), (3)

and  at -40.30C,

L =-  exp  ( O,O03 P+  1.97 ), (4)

Equations (3) and  (4) are  almost  equiyalent  to eqs. (1) and  (2), respectively.  This means

that the rotational  torque is closely  related  to the pitch for dri11 penetration, i.e. in order  to

obtain  larger pitch, larger torque  is required  under  constant  temperature  and  liquid

pressure.
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3.2, Rake  angle  (lependence

   An  experiment  was  carried  out  in order  to examine  the performance ofan  ice cutter  at
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  Fig, 5. Tl!epenetration speed dependency on  the difflerent rake  angles  at  the temperature  qf-62.00C

       17ie dotted line indcates the  designed penetratien rate  ctf'the  test  drilL

different rake  angles. The  relationship  between  the penetration rate  and  the rake  angle  is

shown  in Fig. 5, When  the rake  angle  was  170, the design penetration rate  could  be

obtained.  However,  at a  rake  angle  of50a  the drill could  not  penetrate,

                         4. Concluding  Remarks

    Experiments on  ice cutting  were  carried out  in a compressed  liquid at -12,3eC  and

-40.30C  and  without  liquid at -620C  by using  test drills, The  fo11owing results  were

obtained:

(1) When  the liquid pressure increases and  the temperature  is lowered under  constant  load

on  the cutter  edge,  the penetration rate  of  the drill decreases. Larger load is required  to

maintain  the same  penetration rate  at higher liquid pressure and  lower ternperature.

(2) In order  to ebtain  the penetration rate  as  designed, the rake  angle  should  be small,

When  the ternperature of  ice is -620C  and  the load 23 kg, the rake  angle  should  be 170 to

obtain  the design penetration rate.

    The  results  in (1) are  attribute  to the increase of  ice strength  at lower temperature  and

the loss of  ice brittleness at higher liquid pressure (DuiuiAM et  al., 1983), According to the

experimenta1  results,  the rotational  torque for ice cutting  at 
-12,30C

 and  liquid pressure 30
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Mpa  was  equivalent  to that at -40.30C  and  atmospheric  pressure,

  . 
In
 (2), the design penetratien rate was  obtained  by using  a  driII with  rake  angle  170 in

spite
 
o.f

 the lead at the cutter's edge  being very  small.  It is particularly theught that this
result

 is applicable  fbr ice drilling under  the pendulous condition  which  keeps the bore-
hole vertical.
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