HOKKAIDO UNIVERSITY

Title BREGKOEBRICET MR Il - BRAMICL ZEERRY,. EBREREE BYELRIORSNH
Author (s) B, BSEE; TUSIMA, Katutosi
Citation EERIE, #iEE, 35, 35-46
Issue Date 1978-03-25
Doc URL https://hdl. handle.net/2115/18325
Type departmental bulletin paper
File Information 35 p35-46. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Katutosi TUSIMA 1977 Studies of Friction on Single Crystals of Ice III—Anisotropies
of Coefficients of Friction, Track Width and Ploughing Strength Depending on Crystal-
lographic Orientation. Low Temperature Science, Ser. A, 35, (With English Summary
p. 46)

Higdko EgICHT 2 p% I
R X B BB, FEEE, DR LS 0 R —

o B OB 4
(& | B ¥ B )
(Wi 52 42 10 A 56)

I. & %

DICVCERERTE ERDRE O RS AT RBEE, BREC X - TEENRE LI D Th
<, M—#MEL TS IR X - TEBEHRECEBRRBOEDLD Z EAMLATL Y,
BB CIRBEOKRE VWA T, FEEERIIECEC &0, BEERHOE OB
BHiTiiov, 20X D EBEORFHET AP EE R COMIE{LLEEARTIED
LD EMYREA LTEDLRTERLITHD, ChHRBLTIERY 031355,

Dyer® 3 $lHEME V7 > A YREDZ ANV EBEIT-C, TANBHFANC X b BB
e MED (Q10)/p<100> =1.3), FBEEOX X\ Q110> 1 CEEBREEIICR kb L)
fE R A B 1, Dyer iXBEEEKMMT OB/ IS ERME L, KETDH T SIRELEHH D
FhIhKkEL, ZTOMIBEORE NI HANR SR EN -1, FIZEEATTTOMT
FALERFMIC X » CTRBZERBBORFUOIFRANRD 2 EE 20, LrL, MDD ED
fifi & A B OFTE TR AEAED 10 I RELRBEVITFELD S,

Bailey-Gwathmey® (3 Ha LI kE IDERDZ Y 7 » 4 VERELE O, EEAREE
BRI L Dyer CRBORFUELRD, LML, 1Y T v VEHELBEKE LEBS
Y, BEBERORKERIDOFENLYEE Uiz, Barquins 5% 38 -7 » 4 YER OV b EE
B R AEAERETTE TOWOER (Lo LvOHR) BIVEBBEBTRETLITNVED
BERT o7, A - BREY 3BEEROTEDRE XOWHEDHRY AT, NIVRER LY
AKECHREOWBOW £ FTREREBERREBORTEIRED L, B/ E0llE Tk
Dyer & [AEE, BE#E L X OBEEREKH T Tl IV BEERE O 2 (SRE ¥ THAT
Bk, BERAWEHOHDOS Hh L EWOHFMIC L DRGHER L1,

Thbofhic b EEROBEBRORFRICOVWTIL, BELOWERH DD, BHtkow
BEWERCRRIEAREDG e B X5 Th o,

-7, Bowden-Brooks” (344 v & v FH#EREKRE £14 v = v ¥, B~ 7% v 74,
7 ik F Y ADFREER L OBEERT-C, BWEAHADOHF S EEBOR FHENKE L

*drdE AR E R R AT 8 1861 &
ERME MIERE A5 MEmo2e




36 W Om O F

T &, BEERBOKE T CEERES KX & DB i 3 0 Lol oBRE
B,

BT, MEBYY IR IO 7§ = ABES EOREBRET - T, TN oM
FEFFCER Liciea Ed w5,

DL EDWETrr, BRI ORI EERE, RUOEW, MLELEORFHEZ BT
MAETRCEL, L L, BEERCHGHE, Mo LMSORFEND, BEERERORS
MEEBEMCHBP LIS EVIRRIL T NL 5 TH A,

KDOBE, FEREI X VEBRRRORS - L3 TCICl~Ni, LirL, —DO0OKDEMA
ECTROFEERE L e & EOBEEE TSIz E 05 FlE E b Tnu,

Butkovich® {3k Dk D5 & E 2 fc SOWME THIIC X B E D R F AR DI,
Offenbacher 5™ 3F UK EOM/A7 7 (R -7 X) OB F % KiETh {0001}
1120y EIRFEMET2 0 (112031010 1@ X » TEMA Lz, Licdio T, R LOBEEL ¥ -5
JitEE Loz ENTREINRS,

AT —ERE L0 TR R L5 BEERRORFTEERARLI L LLDTHE
BS, BUBHETE O MR BRI X o TERIBCH LWEBDOETE 2 L%, MIbE
BORFFEA BT DB Db RBEREINHEE L 0IEY Lic, KTRELSET
RS ERD L IeMEEEP WEZINDDT, FOX 5 & OB EERLBEEEE
ED X 5B ER R TR S,

I £B A

FRRIEE IAR [, 11 TRV ER T TCH B, 7 7 ) A DOHPICHE X ok iU
EBHZ T O CKERMNCERE T E 5, A LOKRFEREET 2 2 7 DR LERE i
EZLELN20cem @ EOEREERTHD, D
KILF v ENBR IO =y 5y P RIES TR
% e, FEMEY) M UHAERES (8 1X)
IR Xt I ) o CEHE Tl -
foo COUEIEERT 7 ) AT GRELOE1IE
A) CHRE Y, BHEH -7’ —2~-3CT2
Bl 7 = — 2 U, B CTERIRE W 6 L R

W BLEBEEEBORBTTC Y P LI, Th
B OBIECEREICIEIR % L o0 %2 R A
VR AN

HE DRI E VY IATFVh - FEED
A, —EEECHRAROEHEEYITS, HHLE
ko BEEERE (0110), (1120), (0001), %8 X OF (0001)
T A3 PE 42 TR v Sk L 20 B & 30 fE AT o0 5 AR
T, WEAOERIL23B L0 64mm THD K BI1E HHETY B E LIRS




HfssokoEE 11 37

B 10° 700 L 5° B X I H MR L X e N D BEE 1T\, BIMEICI Y S R HBER L v A
Lo THEBEEZ ME L,

RE% —5~—30°C, WE% 3.7 x1072~1.2x 10~* cm/s, T & % 690~1440 g D THE 2,
JEER Bl b oy Ui WIS R CERE T - 1

L. #% e

1. (0110) EOBERERM e &EREIE S DRFHE

(0110) Tk > FE #5 CU3 oK D S 193 b [T (0001) 23R ENCBEICA » T, BRI
BEXDETROEEDRENED, o & § 1R ORECEE LR Lo LA TH
Tha,

W2 a bk —10°C TO m KLU ¢ TN DENLDAEDREE LTRLT,
ML 6.0% 1078 cm/s, T H13 1440 g, WAEKEEL64mm THD, (%003 225 0.06 Lob
XAY, (0001) I E 235 <0001 J5[ T e ik, (0001) Hw P17 75 {11205 J5i6 CTHiv & 7s
D, FOWIT146 THB, CHhEHIE LT o bRFEDLDD, m DEKRE ¢ DR, D
W& ¢ OB —F Lic, -4 T CHEL 475g IKlb T &, WEDOBREBEIOEY
MELT, BHUELRHCHENT S EAREC -, REOBEROLEEIEE K% 2.34
mmiZEz & 2 RE L,

006
b g (a) . ’\\.
4 \J * \ 5 T e a o
003 L J
1 ] ! | 1 1 | 1
T S A S |
plane
0.8 b)
¢ T / }—\.\'\ ° O
6 j-} . N—-/ 2
0.5 *
1 1 1 I 1 1 1 1
o° 90° 180° 270° 360°

52 (0170) i o BB REL 11 & MBI ¢ (mm) o | U7, R —10°C
TigE: 1440 g, WM : 6.0X10-3 cm/s, WIEMEE: 6.4 mm,
Belibex [1010] Ao faE
LasLiehis, RO m & ¢ OFRIIREE —21°C oMlE ClIdfiliE Lic, 3K e b

VENE T4%x 1073 emfs, T4 690 g, {HEMHER 234 mm TD o & ¢ 2R L, ZOBEWCIL,
AR ET LY, WEPOBEOBEBIISERC N E ok, HIMTum LT oixLh
R 2ODBAE LU/ %L - T hHA, m ODEKE IOBDDOFEL —10°C D& &1L
el TWBLARERIRS, L, DR FMHIT -10°C OB ELEEL L, DED



38 B OB OF

0.16

012 R S B
L i i 1 1 I i I
0° 90° 180° 270° 360
Preaste i Ul it M
0.5¢ )
P e T '_
. 3/41. N ¢ e o .
1 1 L 1 1 1 L 1
0° 90° 180° 270° 360°

B3E  (0110) B> BIEEBRM e & BEEIEIE 6 (mm) © B, BIE —21°C
TE: 690g, WE: 74X 10-3cm/s, WAKEE: 234 mm,
Btz [1010] 2 b o fafE

0.16 |~

EY

(=

-g 5mm
= 0 | VR
S LT 0° o;hdm 90° 120° 150° 180°

g ””h dwechon%basal planedfi® i m ‘”HT

£018 }

5 0.2

5

L

3

©0 185° 210° 240° 270° 300° 330° 355°

FAR  (0110) T k0 BEH iR > SRR 11
fiE: 690g, HE: 74X103cm/s, @ : —25°C, MEHBER:
2.34mm, TN HEE VAITERL K
e b3 ¢ 1B (0001) \WERE T A AR THEKRE L ote, S EBBOMKRILD - EEVIRE
-30°C ctH b,
~21°C CHAEROERER 64mm KE2 % &, BEOBHNKE L ko feds, BIGEOME
FIRER 234 mm OBH LB Toh -7,
2. (1120) OB EREH o SEBEE S DRAH
(1120) HiC 34 C % (0110) [ & FHED 0 & ¢ DEFUIBE Shde, FOBIC e & o %
FTROFMEOEH E UTmR Lic, EEIL74x10 3 cm/s, #EAOERIT 234 mm, i 690 g
Thb, w X (0110) F o> —21°C (55 3 R) D& & FHE, (0001) fHc F47 7 b THEK, (0001)
HCEI T2 D Tl E TR o7,



HigRko g III 39

\\v—~.—o_'_9.._l_l——l-/ . o c o o
012 \""——‘ . 4
L 1 1 1 | 1 | 1 * 1
0 90° 180° 270° 360°
Brease 4 [ 4t M
0.4 ) -
0.2 _
1 1 1 1 1 1 1 |
0° 90° 180° 270° 360°

EEE  (1120) b T 0 BIERRR o & BEBUEIE ¢ (mm) 0 R, BE —25°C
FiE: 690g, WE: 74X 10-3cm/s, WEMFER: 234 mm,
Bt [1120] 2o n o fE

HE —10°C DL BT e © 807 dhasiiz L, <0001 JFrasgx, <0110y Jjmaif/) &
foot, ¢4 (0110) EDHA & MERRE CBR7x < <0001) J5A THEK, <0110) J7f 23/ T
b’) f:o

3. (0001) oD BEIR
F6MIEE —10°C, HE74x10%cm/s, WBERERZAY 64mm & LITEY 1045g, K

XUt 2680 g & Lick > (0001) E ETO p 3TN0 HAOBKE UTR L, ML TOR

FEEOEHEE T,
fiiE 1045 g T e 42 0.02 N4, TFiE 2680 g Tid te=0.06~0.07 OFFEHICH B P, Fadh

FRRFEICHIET DL I RBEBORFELED DL OITH Ly,

T T T T T ‘[ T T T T
7 | | |
OOGM +# + H
Fie ¢
. = W=2680g
c
° 4
S
-~ 3
)
'5002 §¢§$§§'6.#,¢§¢++H+#+?+++§+¢¢6#§‘++
2 L W=1045¢g
@
8 | 1 1 1 | 1 | 1
0° 90° 180° 270° 360°

F6R (0001) HioBIEBAR px

KEVCERILITE 2680g, DI CBHILHE 1045g, HE:
74X 10—3cm/s, BE: —20°C, WEBER: 64 mm



40 ‘ OB

(0001) Al | TR B &R WA WAILE 2 T, BENH EOEDEHETHZ ENTE

Tedsode, LinL, BEEEOMENCENE 7 icRT L5 7o U120) Fr~adi s 2onRn LIk L
EEE IR,

&1 (0001) i o> JEE B
W 3100 g, BWIE: 74X 1073 cem/s, fJE: ~10°C, #rl#EE: 6.4 mm,
JEEAEE o 4 U -t CLE20Y FI -~ 0> (Fibih) piocuw 3

4. (0001 EHAEEEICHUBHMLTHEEE0EFEORES
(0001) Hi A EREIH LixT it iy 7B &1L, Duwell® 2347 » 4 YOBEBR TR LI X
51, EHEH S HREWLTTEHEEDN DI 1 OECOETHZ ERTRINS,
S RIS ~19°C, HE 74%x107% cm/s, TWH 1600 g & L CHEHEE 6.4 mm O A F — L ER
BRI E ED 1 R LI, 2 OFBCI (0001) kR & 20 B0 BECEXLTED,
i WEIE A CH T 0.036 £ 5 X W EERRL, ZhEIERNOWLTHETO05 &5k
WEE IR LT,

Mk
0-06 H T T ¥ T T T T
e
5 [ (] ® e ) i
004 I):’? L&.ﬁi
P
3 W/
W“‘ asal plane =
Z 1 Il 1 1 I—rb p| 1 1 1 %

0° 90° 180° 270° 360°

8 (0001) Hii # e Hiic 20° HURE L 72 T o> THEBRERBL pec
f 1600 g, MR : 74X 1073 cm/s, {BE: —19°C,
% 6.4 mm

559 IL (0001) iAW & 30 B CR X LTnE A DB CcH B, 1 13 (0001) OB 9
FHRE KD 013, ZhIERZTHIHMTRAN 006 5350, 208 TEERR L, L
L, < OBAEIE 000D HEw -3 50 TR & 5 e DFCITIRA Efeh o 1o, ¢ bR

AbRha I3 Ha L pdoiuiird sy, BlEECcELbRX 7t & OFIGEATR
ey,



Vs Pk oo g TIT 4

(a) e
012

« L

ES °

N L]

c 010

2 N

§ L L]

= . .

5008 :

E - L]

@ - )

o

B4 4

= >

2006 i

o ° Q" ,

) g 270 —90’

A

£ 04% 90° 180° 270° 360° ¢z 8

T
s 0. 5 (©oon

SRR o &

(0001) i A # iz 30° A L 7o o Bh
ERIER ¢ (mm)

P 74X 103 em/s, fIE: —20°C, WAEKIIE: 2.34 mm,
Wil P47 fe 07 1 & 7o fa

j

T 650 g,
Wl o> 0 b3

5. BEEOHZE
F eI BNI L 5,

E3TTTSES PP U s RANUE

T 690 g, ME: 74X 1073 cm/s, fIE: —20°C, it
mm, D S A -, (0001) fia < CTaL 1,




42 )

FEBEIERC AR AT 0128 10 I B & B0 ML e, MK a o 0001 JE o
WO T, TN B L A AR U, BRI TR0 A b s, Kb o
RN AT 7g C1120) F i D30 Tid X D #EhMil 15 & e o Tl R BT e ot B,
OB e, BERMENCEEZE o0 U RS, BEFRER & 30° DfEE T c
TIEF N DB RDRTH AR, F e UCEEEOR M2 E LT\ 5,

PEWFROBEES T #udiE G mc B < 000) N H B 2 &2bd b, &
I EDRNIZ L & DRI D35 <0001y HEic= v+ 5 2 DEGEARSbRS, Ko
TILEDHNEIT 25 ¢ BT A TN T, HOE I F05mm 3@ T 5303 5 5,
COBERER LT RONDDT, #RONBCRIRCHIETS 27 7 » 7038 Dbhins,
PEDRD BB LD E, BOHUIT XD GEEET-XY) ThHaHEME -,

FAND BOANC FEEIR BT A BIC ARSI D L 5 eSS T ER Y, Rad X5 bt
77y DMERNENCRRET B 2 E NS,

e
T

#11 JEBIR e b /MR R (2) EJEIET 3R Y (b)
—— VT YR, s b in /MBS, s L e
~NHOF I, ns LR IERE TR O FE AR

CE MO BTN (EHETND) il (BEFCTET 358 WIMERERRS D,
ZOBER O TR 7° Frivih » CTusie, 7B b i AN FNC 3T L 45° A Lic & o
PRV A 7R U, FERIEOAMNCIIE T30 & b = v b 9 2+ O s (1010
HECAPR T B, ZOMAIEEIT N2 ET 5L, T %3 (1120)€1010) & 75,




HESokomEE 111 43

V. #

KOBEEIHTHR D, ID Clife X5 BB X - TREDOLE LT, KR THENI2 X
SR —fERELETL TN HMC L > TRDLZ ED b ot, L Linh b, BEEGRD
EIMIERBEEO LD TRAL, BEC X VRO HANYET L Z & bbb o, B
RIFC S RIFUEL D BH, BEHOM

20

FEIRET X - TEL Lighs - 1o, a [ﬁ%w%
10 . .
P % X OVE) JBE HE 6R B 1ne DR FTHEDIH 402 90° 180° 270° 360°

ICEmET Y, o Jj(b) -2 ¢ /L\L j
1. @%ﬁ@@iﬁﬁmamr 20\}7 .
(0110) Tk <0001) Fif T h\;w;y/a .nkiw//._
A 9

IO AL L5, $X0#
PEER L EACOE DEIEARL X
CHRKRT B H T3, - -F,
TR ETE e 11205 Jianc BT 5
LA, TN RS LT
el AR HCMT 5 (10K b)
DTERTBEEEO L RKCESE L

0

solTC) 30°C 2
Sgy A

2

N
o
d

Ploughing strength p,X10 kglcm?
e~
o
/
.
\
|
|

7"5:\1\0 ° o L&

DAl X 5w e I 0 oo 32 5 i - i
(X, KOFTDEA(0001) THSH & 7 o5 I 70 350°
RE-»THHEINS, EI12E My RUKRS oRITE (0110)

2. WOELBSp OERFHEICD  a: —10°C, b: —21°C, ¢: —30°C, 2, 3D px, 6 0

e EHMEA A CFR (BH), B o rE0onFKR

B YTAT V= A KDY STNICWERED KD X 5 I HRHIC 23 5 23 W _E 2K
HWECTHED & EOBBERK m IR TE 2R S,

3
yk=<kZ»Ws+y%§ep)W;- (1)

FtE L, ¢ EEEE, sIEREWHMES, R LME, RIIMEAER, Wk
B, k KIXERTHD,

WE I CREMRTOMNET b 1/2<,<L]) 2EA L), X bIEf#iCiT Barquins 5% ¥
TOHG S AR OEBEOR G THEHFA L OS5 X5 EERTTEO L b L2 h s+
DD UMEEOMIFRT & =1 YBATAAERSB,

D Kmb pix,

6R
P = (/JI(W—IV’ ’Z‘ ¢ZS> 'k/¢3 <2)



44 ¥ B B O+

1B, (0110) e D\ T 2, 3 IICTR Lic fh, ¢ DEBEIER S L HE Licy Offik i 121X
B TR LI, L, HEflkoi, £i1208 Fix1(bokbkl) &L, sofil LT
TR IL ORERE AV, AR I LW EIE VR LERDO I ZD 1BE TH - 1,
Lind, p /o 0001) Hi & ki {11200 HiT2~3 fEORELAT LR - T 5
DT, m DEFHERECHEYRLHER IS EELTLIWTHA S,

120> HE TP BB AE LD EFFEOMMASLHATE D, TOHADO T TEH
FERRIE A U BRI R B2 TR & InEPi i B R b % 18 il LA K E
{Teh, W p H3/ho <0001) JFIE 03X D CTrdif & AR EI X I - AR EE 2 <,
ZDH p DHRLE LTy,

3. BIEEKH m ORARICONT

LREE2EITE, BEEES L p ORFUERIEE T NI X - THY LI,

MRS bRD I il BIT P DRENEEREL LS, BlERILIS L pDOR
Fth ok E I ($<1120)/¢<00015)° I X OF p<11205/p<0001> TR L, #EhELEHDE F#
(PPIK11205/(pp*)K0001> A E R X hte p Lkt LTR L, ¢ & p ORI X OO JiH i
BEWGIERBOFHCABE L TWHDO0ER IR 5,

Flk BEBEE  QBEEES WY ELRS p oMOBKOEN
V=7.4%10-% cm/s, Xif3 (0110)

n ow | (KDY Iy iy "KZ&%S""
o < “H0001) | “pL0001Y 'f "$3p{0001) 2x{0001) /exp.
~10°C 0.40 ’ 18 0.72 067
~21 0.39 ‘ 3.4 : 13 13

~30 \ 0.51 ‘ 28 1.4 ? 12

#l1ET, —-1°CTRpOEIEILL P ORFRHOFNKREVID, m ORFHEITLS
DOBRFHICTE IR, —21°CUTF Tl p DRFHEIMEE LA it p DRFHEICTA X
N5, Tk e OCKER/MIRER X it T 5,

V. & & ®
(0110), (1120), (0001) £ DD E DT, FTX b FHLIC & 5 B EERI & BEEEEOR K

R NIFERUT O & dvdbr s,

1. (0110), (1120) i -Ci EEEEIEIX <0001) H i Aviok, 11200 HEbh i/ Th 5,

2. (0110), (1120) @ DB EERE DR FHEIREC X » TR D, —10°C LLE Tk <0001> F
TEREERE R, 11200 JH TRANTH B, —21°C LT TRBEERRORKER
N TR LTe,

3. (0001) Wi CIX B EERE DTN D HfLIC X 5 RIGEERE TE o -1

4. (0001) WipSEEE TR LA L T 554,  f#HAA 20° Tk (0001) T % 7L ¢35 RO
BN, W TTHHAOBEENRETREY, 30° FHM Licdbo T, INSEOE



SRk g I11 45

BE DL (0001) HAEE E XN THHAOEBNRAE S, BEEREORFHR 2 HicdE
T 5,

5. (0110), (1120) Fi_kCo#i vk Lis 1 (1120) Jim TRk, <0001 P TRATHH, =
DEFGHBEC L > TEBB L,

6. (0110), (1120) ik TOBEHEIEE I VI LR S ORFHRER TN OFEOERKL L -
THHITE S, <0001> HHETIRTNDENER L, WEFIHCHOD T ERL, £
DI GITIRK, pIXERANE T D, 1120) A T3 D BB EETTHCBOK X ER
BB ENE, DD R, pHREKERD,

7. (0110), (1120) i _L D B) BE 3 (A3 D £ 538 2 R B0 £ 54k ¢<11205/¢<0001> & #E b #2
LM S o8 p<1120)/p<0001) DhshabH s, (pFK11205/(pg*)K0001) 1 X b B S h B,
~10°C LAETigiEOR Hth e AEEEh, —-2I°CLIFTTRBELHOER A 2
hza,

AU EEED DM Y, BRI EE L LTI 7K I B 5 OF 58 BT A5 SR AR
B, BERYEBEcCEBOBLTERELET,

X -

1) Bowden, F. P. and Tabor, D. 1950 The Friction and Lubrication of Solids II. Oxford,
544 pp.

2) BEWT 1966 BERCHT LA EREEEOKE. i, 11, 369-376.

3) Dyer, L. D. 1661 Rolling friction on single crystals of copper in the plastic range. Acta
Met., 9, 928-936.

4) Baily, J. M. and Gwathmey, A. T. 1962 Friction and surface deformation during sliding on
a single crystal of copper. ASLE Trans., 5, 45-58.

5) Barquins, M., Kennel, M. and Courtel, R. 1968 Comportement de monocristaux de cuivre
sous Vaction de contact d'un frotteur hemispherique. Wear, 11, 87-110.

6) FIFRA—H8 - MEBEH 1973 REESHKOREE X B IKHME, 42, 347-356.

7) Bowden, F. P. and Brooks, C. A. 1966 Frictional anisotropy in nonmetallic crystals. Proc.
Roy. Soc., A 295, 244-258.

8) & HEisE - AREHE - 1974 AR IV T 2y ARMEROBEBEORIIMN (B 2H). AREKFR
Mok, 40, 2381-2388.

9) AN - ERE¥E— 1976 MEIVT A = v A BEKoRFEREC RGN E3H) HARERES
sy g, 42, 635-642.

10} Butkovich, T. R. 1954 Hardness of ice. SIPRE Res. Rep., 11, 12 pp.

11) Offenbacher, E. L. and Roselman, I. C. 1971 Hardness anisotropy of single crystal of ice
Ih. Nature Phys. Sci, 234, 112-113,

12) B 1977 BESGKOMERCMTAHE L ERME, 35, 1-22.

13) ®ERsE 1977 BEHKoBEECHET IR I EEMS, 35, 23-33.

14) Duwell, E. J. 1962 Friction and wear of single-crystal sapphire sliding on steel. J. Appl.
Phys., 33, 2691-2698.



46 G OB F

Summary

Although anisotropy in friction has been studied by many workers for non-metallic
solids such as diamond and sapphire and for metal such as copper, few investigations have
been conducted on anisotropy in friction of ice.

Anisotropy in friction coefficients on the virgin surface of ice was clarified as a function
of sliding directions, by moving a slider radially every 5° or 10° on a test ice surface. The
slider used was a tungsten carbide ball.

(1) Anisotropies in friction and track width on prism planes (0110) and (1120):

Figures 3 (a) and (b) respectively show the coefficient of kinetic friction g and the track
width ¢ against the angle § from the direction {1120> on (0110) at —21°C. The values of
i attained the maximum in {1120) and the minimum in <0001)>. In contrast with p, the
maximum of ¢ was observed in <0001> and the minimum in {1120).

This inverse relation found between px and ¢ was, however, found reverse when an ex-
periment was made at temperatures of —10°C and above (Figs. 2 (a) and (b)). Similar results
were obtained on a prism plane (1120) to those observed on (0110).

(2) Friction on basal plane (0001):

Marked anisotropy in px was not observed on a basal plane; though a fairly strong fluc-
tutation of friction force was observed in any sliding direction.
(3) Anisotropy in friction on inclined surfaces to (0001):

Figure 9 shows anisotropies in g and ¢ measured on the surface of ice cut diagonally
against the basal plane. As seen in this figure, two maxima of g appeared at 0° and 180°
when a slider was moved in parallel with the basal plane, but two minima appeared around
120° and 260° when it was moved nearly perpendicular to the basal plane. Though values
of p significantly changed with sliding directions, a slight variation was observed in ¢.

(4) Microscope observation of frictional tracks:

Figures 11 (a), (b) and (c) show photographs of terminal areas of frictional tracks produced
by a slider on a prismatic surface at —21°C. Figure 11 (a) shows a deformed region on both
sides of a track. These regions are composed of a number of slip lines which extended normal
to the track; as a result ¢ becomes minimum. Figure 11 (b) shows a deformed bulge formed
in front of a slider that was moved parallel to the basal plane. When it is moved in this
direction, a comparatively higher value of g may be obtained because of formation of a bulge.

Next, ploughing strength p was calculated from the following equation .
p = (W —krg's/4) 6RIK ¢,

where, W is the load, s the interfacial shear strength, R the diameter of a slider, and £ and
#’ shape factors of a contact area. Values of s are shown in Fig. 12. The occurrence of
the maximum of the value of p in {1120> may be understood by the bulge formed ahead of
a slider, as shown in Fig. 10 (b).

Anisotropy in g on the prism surface of ice can be explained in terms of anisotropies
of p and ¢. The frictional anisotropy g <1120/ <0001> may be proportional to (p<1120)/
£<0001%) ($<11205/¢<0001>)®. These values, which are summarized for various temperatures
in Table 1, agree well with the experimental results. Anisotropy in friction can, therefore,
be well explained by anisotropies in bhoth p and ¢.



