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The oscillatory friction of rod in the sliding course of

granular materials
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Abstract: It is found that sliding friction between continuous medium and granular materials has a novel speciality of quasi-peri-
ods oscillatory. According to the shearing dilatancy of granular materials, this novel phenomenon is studied. Aphysical model is
proposed to explain the experimental results and presents an equation about average density oscillating in the effective region. In
addition, a function about sliding friction is elicited. The theoretical results accord well with the experimental results.
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Fig.1  Schematic diagram of the setup for measuring the sliding
friction among granular materials
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Fig.2 Curves of the measured force( f) with time(¢) at
a different heights( k) of filling granular
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Fig.3 Curves of the measured force(f) withtime(¢) at different
heights( 2) of filling granular
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Fig.4 Schematic diagram of the effective region of cross section
P, FATTAE AR X I P Y, i L —A
5B ARTC A A SE 1 R FRAESEIM R J4
R BRI R IX 8. B TARA K ERA+
JUAIIURL B AR RUT A R X e SO A st
L NS oA A URE 2 DI, i 18] 4 v B 52 38 40 e
718 (BRI AR 53 g FIURE BT -G AR AT 5 32223 O AL (A RURE
JZE R L5 MOREHERR = B2 b ARIRD) . [R) R S AEA
R DX S8R A ORE ) 5 4 B AR AR R ROk o, IS
KA ATEER TS BRI S B 7 19038 S, X ks
RGBT S o , A0 B o UKL ) 5 AR FR 23
Berowesh. B r g PRINEE B2 AR, o A O R AR
ARA R I PIAE 5 + 1 ohas O B R A 26 X 38
A4 . RN R TR UKL HE Hh %5 BB Bl SEBR
SRR R B BTl . FEBT VISR, WA
SEHERUR RS M K 227 AR HES 2544 R I JiK , ]
BT 22, WA HE R UL A Fo6 23 kA4

FAHES B B4, 2255015 0 2 e 1) s S HE L, DR (A
Ay EE N, FATFR N B 48 5 5 i BT AK . X e i e
EB}2= K Reynolds 18 OB A

A TR ELAR A BROIR FURE e AU | 38 H R B BN
0.56 £ 0.64 A2 0] . #FPIAEARFR 3 E0 )N, Bk 4
F I B 22 1 73 R, R A 2R P R R A 4L R
AL T AR E RAZS . Y573k sh T ih,
JEORHE R G 25 WK Bl B IR, B 4 %8007 LA R ok A T
o5 14 7 35 (1 Sy 3l 3 T R 2 40, T P 8 A Ak
B (0 A A sk X P ) 34 AR R
SYEBCAATIG TIN DA F6 0 e 52 3] 1) Vi 3 JBE 48 T Bl 2
BN, ELEF SRR S B N B 5 A (%% 2
{8, A PR SR BT VI 3, O 20 3 10 00R &45 #0 5 e
75 S 3% B D) IR L F 0 BT ) RSP 24 A RS
BREA, 7 X0 mT U0 380 4 0 4 A7 3] 1 i Bl EE 48 )
W, B B R/ ME (IR R A1) . Rl 5y 1)
RS R, B 2 1) 4k 5 UK AT T A P TR Rl 4 g
2 AT B, AU JE i &2 4 , e 35 VI sh Fn o 4 W) A
FF W sh B i g — b o EIR G AR E

A ARG Horvath 25 A A 5256 - H8— #1354 41
AT RO 74 [ fa w30 ok 0 e [ T 14
Sk £ [52  iT 7 11 5 K R EE 98 7, i e A e R 4
TR T B0 ¢ BB R RTL F(C) =
keSS s I ELAATIA A , e 5 U 0 5% I s 0 25 o
F4 B 18 3 T2 Pl OB A R A S v R ke e ™

P TR S 50 A 0 A 1) BB R AR N (0 <
2x 107 m/s) , AJ A A 5 R 42 S5 [ 4 P A v 5
M e . O E RS R EAE d = 0.002 m, BUE
MR R N v =2 x 10 m/s, B IINEE g =
10m/s>. TiHF At =/ 2d/ g VE K kL 20 1 A ]
BE A o AE A R A B R R o = dIA =
A1V 2dlg = gdl2. WHEAHAI:At=2x10s, v/ =
107 m/s, v >> v, “H A2 2 DB, TR HES)
2 1 S K T R (R R A Bl i R R A R
ZHRIN(BEMEE ) BT 30, TRk R A 78501
R 160 52 Jlmi 7, 1264 T HES ) EEA

P, FeAT T4 Horvath 55 NZ5IRHE) BES
o5 R 5 A T ) Y Sl JEE AT 5, B A A
WP fi) AR X T 0K 8 R LA 2 R A B V)32 B
B, T 32 1) 0 Sl B 48 )t BB AR B B R AR Bk R
1L

R EARAHT, AT F(C) = ke HE7 R

£(0) = ke . (1)

3, by RS R, W S B S (1 R R 43 B



L

4 i K K %

2,
&

ne
2

e (G Ji0) LRk

PRGHFFEDE ; (o) I BIEEEETT; 0" IR 73 %k
MM, B IR SCHR 1145 5, B o7 ~0.01555 K
SERAR B T B EEE T f(p) BT R FR
L p WS AR BUM A AR AL, BIr DL 2SS SRR
B ZE— DO H o, TER/INIEBE M Ik G 1
X I A ER I A T oy 27 2 1 1 sl BE 5 1K il B — A h
CMEL £, BEERIN AR 1 $2 For B 25 A A iRl 8 1 1 4R iR
i, FR IR S AL B I AL
2.2 FHERSBIRZFERBIEEAIRSH
2
WG ER T KT YR TR 5L o TEH UMEL B,
M LRGN 5 stk sl f2 , J S A RRIX
BN SRR S Bk 5 7 18, DA 3 i B B 4
iRz, /.
d*(p-p,)
A g
Horbr: o A BRI SR TR B0, B R R
PERLIE B 1 R 5 o, A IR 20 B SR F- 3
B o R AE R By ) B3R PIEE RS o AR
FRGBAOIREK . o S8 R B ER KA, B
(g T I, LA % SR ) 26 1 o I 26 PR A 6. OF

HSHHERIE LRKR: L=, MR Q)

KA 15 B RLIX N B TR 8k

0 = Pn +Asin(ax+g00). (3)
A, A TR A RN B AR BT R 5 1
PRIE, A > 0; 00 HWIAANL. FFAREEC(1), RIFT 453
BESR IR B IR AT S I G R

_ Asi
f(x) _ kdexp[‘o'" + 51;(xax + gpo)].

2.3 BERHEERSIEMEITLL

T IEFRA TG A S HE 2 R X (4) TR
R S5 2 HOBRIE AR BE b = 0. 180 m Y5
BN LG . Ry T 28 H 3 o P A F L, B % S 5
iy 2 A Al b AR o B B R AT AR B, EE B AR B S 1
SCR MR AN S iR 1 TR . /S H Rl ZR 2
oLV e =N

HRAESCHR (7] B 52 30 s, BURRIE K B L =

2r 2x3.1415
Il = =
0.275m, N I 0275

B Matlab %55 55 B0 647 B /D R UG
EX () MNESEE, =2.21 x 100" N; Ink, =
-38.351, , X 53CHR[ 8] H 45 Hi Y Ink = —39.265 tH
ir; om =0.591; A =6.50 x 1073, @y = 1.397 rad/m,
fo = keexp (p,lp" ) =2.21 x 1077 x exp (0. 591/

+0°(p-p,) =0,

(4)

=22.85 rad/m.

0.015) =3.07 N.

S SEH 5 EE 2k X e
Fig.5 Comparisons between experimental data and theoretical ones

IS M2 2 B 1Ay iy R 1 i B R4 ) b
PRI BRI 2 i 2 B4R 5 . 2= TRk
ERHRFR 1 22 , A8 BRI 7 wir it Pt A, 2
TR Y TR R 2 2= 1, 0 R 1 o A S0
I8 KRG 22 TAE e .

TIAh, BATI I PRI R AR r=0.007 5 m,
AR 1 HCh 10 f5 B0 AR K EE, 7 0.02 m, W]
ARIXIBEAEH 2(r + 1) =0.055 m. RIEASCHIA
BB PR e YRR TR R HAR R TR AL
I EHA2(0.055 m) PG OL T, B2 a4, an A5
i) D =0.070 m A10.120 m B4 2 FAETE , XHE 9
WE o oA 2 KFE AN B T 20 BE 462 0T A AR
K LWASH KA 5550, FE B H AL
BF, G SR NERR R BE B RRIEREE L LA
753X SR DR A MR R i sl /I ) [T R, A Xl
18 7 UL 5 U1 TR AL R] L B I sl s/, 9 A RO
| WARFE AR (2l . 14516 5 8 2 FIE 3 iy s25:
2k —3k.

3 #iE

FRATIRT AR 5 5O 40 o [B] (4 3 Bh BEAEAIEA T T S
MHIEHETY, RIS U102 5 & ) — & ry 2 W 4R
ST W SRR T B R R 3, Ol o A 4
M RAL IR R SR ML A 4.
AT LI E5 R AR, A N F . (HSEPR
R TSR] T30 H 5 SCF B AR A4, i
FEIAPE D X—— R 5ok 2 10 B #O0UR &2 22 1E
—— A EHE LR . X AER AT S5
AFTAREE . FRATIOC T sl 45 7 U JRl 01 HR 1 1 55
KIS AR BETE (TF46% 54 )



5558 ROFL A WRAEBURIY IR b AT I BSR4 O B 5

(B4 37 M) $ft TR RO LG R R, ST
B RAT B T BEAR TAREOR ARG

S 3k

(1] MRRFES . FRE AP M BR 5 R TR [T ML TR 2%
#%,2004,40(11) :1 ~ 6.

[2] Nasuno S, Kudrolli A, Gollub J P. Friction in granular layers:
Hysteresis and precursors[ J]. Phys Rev Lett, 1997, 79:949 ~
952.

[3] Nasuno S, Kudrolli A, Bak A, et al. Time-resolved studies of
stick-slip friction in sheared granular layers[J]. Phys Rev E,
1998, 58:2161 ~2 171.

[4] Volfson D, Tsimring Lev S, Aranson Igor S. Stick-slip dynam-
ics of a granular layer under shear[ J]. Phys Rev E, 2004,
69: 302 ~ 305.

[5] Yann Bertho, Frédérique Giorgiutti-Dauphiné, Jean-Pierre Hu-

lin. Dynamical Janssen effect on granular packing with moving

walls[J]. Phys Rev Lett, 2003, 90:144 301 ~ 144 304.

[6] Landry J W, Grest G S. Granular packings with moving side
walls[J]. Phys Rev E, 2004, 69:303 ~ 311.

(7] kE2zRE, 81 bR, SLAE IR, 55 ASURLY) 5T P AT 8 50 EE 4 )
HARLR PSR S B G ()], Py BE 2% 42, 2006, 55 (12) : 284 ~
289.

[8] Horvath Viktor K, Janosi Imre M, Vella Péter J. Anomalous
density dependence of static friction in sand[J]. Phys Rev E,
1996, 54:2 005 ~2 009.

[9] Brian Utter, R P Behringer. Transients in sheared granular
matter[ J]. Eur Phys J E, 2004, 14:373 ~ 380.

[10] Tosert W, Bocquet L, Lubensky T C, et al. Particle dynam-
ics in sheared granular matter[ J]. Phys Rev Lett, 2000, 85:
1428 ~1431.

[11] Reynolds O. On the dilatancy of media composed of rigid par-
ticles in contact[ J]. Phil Mag Ser 5, 1885, 20:469 ~ 481.

(%% . 332 77)



I NN - ¢ ) LRk




