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Experimental Research About Force on a Conical a Probe
Passing Through a Quasi-two—dimensional Granular Bed with a
Constant Velocity

GONG Cheng, HU Lin, YU Yousheng

College of Science, Guizhou University, Guiyang 550025, China

Abstract The movement of an intruder in a granular medium may result in interior reorganization of the force chain structure. The form of
drag force experienced by the intruder reflects the macro effect of reorganization. By measuring the slowly —pushing force of the cone
intruding vertically into a quasi—-two—dimensional granular bed, the depth dependence of the vertical drag force in the granular medium is
studied experimentally. It is found that the drag force curve has a concave—convex—concave transition with the increasing penetration depth
and the drag force follows different depth dependence in different regimes. By studying the properties of two inflection points of the
concave—convex—concave transition, it is shown that the front inflection point of the curve is the result of the volume effect of the intruder
in the granular medium, and the rear inflection point of the curve is the result of the bottom boundary support. The depth of the front
inflection point is independent of the packing height of the granular medium, however, the depth of the rear inflection point is linear with
the packing height of the granular medium.
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Fig. 3 Depth dependence of the resistance for various packing heights
( )’ 9 250mm’ 9
2 Z, Zo, Z 2o 4 . z=124mm
; 2 o 250mm ,
(  65mm) , ; 124mm s s
150,200,250  300mm R 150,200,300mm
22 s 78,111 155mm . Origin 8.0
82.2,106.1,124.3  156.2mm, s 2 s
F(z) F"(z2)>0 2 o
;0 F(2)<0 F7(2)=0 2z o o
3.2
:@ [ = 250mm
4 350mm .
o 5F =
) ( ) ) Fys .-
( &0 o
<3| .
), : 2 WLy
9 9 2 B
’ 1+ BE M
9 9 0 B
' ' (I] 56 u;o % 1_;0 260 2:’;0 350
° 71 ° z'mm
@ 9
( ) 4 250mm
' ' Fig. 4 Resistance curve for packing height of 250mm
’ and the reference curve
, 3.3
s 350mm, 2 s R
175mm 175mm ° s Zimax
’ ) 4 5 ) 2 2222 H(
5 4 H=Zmax—zz) , 22 H Zynax ( 5)0
s ’ 22 H
4 , o s 2=0484z,,+1.02,H=0.516z,,~1.02,
Zo, B B ) B
2010,28(23) 65
4@7



] jcmik

3.4

3.5

66

eview

_cuxec & '7(

160
140 ¢

120 -

z,/mm
=
(=]

T

80 +

100 150 200 250 300
/mm

= max

(a)

140
120
100 F

80

Himm

60

40

20 1 1 1 1 1
100 150 200 250 300

Z /MM

(b)
(a) 2 (b)

Fig. 5 Zz. dependence of the z (a) and the H (b)

(Articles)

® |50mm 7
18| © 200mm e

Fikg

60 70 80 90 100 110 120 130 140 150 160
z'fmm

6
Fig. 6 Resistance curves between two inflection points
for different packing heights of grain medium

P=kz*
Jk ,a o
1) (z ), F
, F=P:-S=ES:*,
S o
F=a-z" ) k=9.2x10",a=1.7,
2) (21 = )s
, :@
F ;@ F o
® f, pn=0.8,
7 :
F =kz*nR*

h
Fo= J ke (z+L)% 27 (R—Ltanf) ——dL
0 cosf

) o h
™ J ke (z+L ) 2 (R—Ltanf)— L dL.
o , 0 cost
, , ,R h ,0 o
o ) ’F f O’
N o ) 3 ’fL’F 1
° fF .
h
fi=uF  cosb=u J k(z+L )“'21T(R—Ltan0)17dl‘ cos
3 - 0 cosf
h
’ ’ = JO k(z+L)* 2w (R-Ltan)dL
° h
6 > F | =F sinf= J k(z+L )“'Zﬁ(R—Ltanﬁ)lidL'sinﬁ
0 cosf
( )O 9’ h
, A , = JO k (z+L)** 2w (R-Ltanf )dL
300mm 100mm R 13mm, L 13mm,
° tanf=R/h=1,
F=f +F +F
) h
=2k (1) || (+L)* (R-Ltant) dL—hmR?
2010,28(23)
4@7




] jcmik

PR
EEGREE

‘.----
._'1—
o~

7
Fig. 7 Sketch of force on the probe and integral variable
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