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Friction of Soids at Low Pressure

——Variation and pressure characteristics of coefficient of static friction—
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12 3 4 5 o 1 2 3 4
1 0.466 | 0.405| 0.423 | 0.388 | 0.434 1 0.237 0.351 0.381 0.323
2 0.708 | 0.299 | 0.411 | 0.508 2 0.234 0.322 0.431 0.284
3 0.669 | 0.377 | 0.440 | 0.525 3 0. 320 0. 364 0. 364 0.311
4 0.503 | 0.522 | 0.462 | 0.306 4 0.269 0.327 0.388 0.399
5 0.522 | 0.382 | 0.387 | 0.299 5 0. 304 0.321 0.296 0. 479
6 0.404 | 0.391] 0.360 | 0.423 6 0. 368 0. 354 0.235 0.410
7 0.563 | 0.440 | 0.455 | 0.377 7 0.304 0. 364 0.288 0.386
8 0.476 | 0.449 | 0.392 | 0.503 8 0.351 0.327 0. 347 0.376
9 0.375 | 0.487 | 0.402 | 0.414 9 0.358 0.412 0.311 0. 346
10 0.533 | 0.394 | 0.449  0.470 10 0.330 0.345 0.345
s 0.591 | 0.411 |0.418 | 0.421 Fs 0. 308 0.349 0.339 0.370
s 0.1050 | 0.0666 | 0.0335 | 0.0808 s 0.0479 |  0.0278 | 0.0572 | 0.0601
N;=41 N,=39
Fo=0. 443, 5=0. 0854 7=0.341, 5=0.0527
FILE £ B & £ o ¥ & D
AT A LD FE L N Sy R R 4 e R 2% i it tAHItE B
JEE % fs 0 95% fE
W(g) N (f1) Hs s & N fE L N 9 1% il
0.12 41 0.543 0.1763 0.294 1.139 0. 599~0. 488
2.92 37 0.387 0. 0844 0.272 0.633 0.415~0. 359
6.02 42 0.358 0. 0882 0.254 0.688 0. 385~0. 330
11.82 29 0.362 0. 0668 0.230 0.530 0. 388~.0. 337
25.82 38 0.361 0. 0659 0.239 0. 502 0.383~0.339
53.72 26 0.342 0. 0530 0.242 0.459 0. 363~0. 320
100. 42 38 0.339 0.0431 0.224 0.441 0.353~0. 325
0.12 40 0. 558 0.1514 0.269 1.005 0. 606~0. 510
1.12 41 0.443 0. 0854 0.299 0.708 0.471~0.415
781.5 39 0.341 0.0527 0.234 0.431 0. 362~0. 320
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tSMCE D B @ 95% FBERMiCOVWTHS L,
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g/em? Hic i T Y b v OEROBRSETIR® S5 & v
Z%,

3:3.4 W L B, s EOBAR  GTHTHAAICTEY
EMOFEEC OV TR R LD H1F T, H1LE#EH
B &, EFEMPETOMMT O 5 BREICHRS L —
EEIGESWCOL @RS L0 Ths, i, W 0%
e sOELICO>VTHR S &, B DIEDVEFRFI W
DEIMC DR s BREFNTHA L T 5. R/AMEE HokiE
OWTh, W olNc >hTRAbT5 2 LR b
D, INLOBFZALTEETS L, WETHT
EV b VORDOKIIRIE, S0 OFEMEPRETS
BRMELEZXL L TER VY, BLS, HEW (b5
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TEYV P VORSE BT, (REEROEERE S35
NeHzxD, Linl, A sk ER W olEhnc>hT
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— DA D SR VTV B EBX R L HEEN
THHS, TOFRRELT, bLHEEPS B OMICH
BERKRETERLRDTEY P VORPEILTHDT
H55,

3:.3:5 —EHETTO 4 NESDENHHRE
BoER L7 S WA OV TIE %L OIS D
56570,8:902) ey 2 SpE U R LRV TS,
150 DSHIHITER XN TV A, BEEHRIC OV
T, EB0ERFEL WE Lciliss & LCy@ms o)
BHHTHD, FOMTIIAT SBR[ TW BT ET
BB

LI, EHoEREMRSHIC LIRS LS hk
BH &, WMEOKE LR CRERSASHTIED L
5, Lal, (REERCEIBIMHRESVELHLL, A
CBARHARER D TRAFEIT XV, DBITIRT
L 5 B E® ORENLOEBRIC B\ T ERRETIE
AT 13- Twinw,

ERSAHDSN OGRS LT, ZHSm, F7Y
VT, WEEHSAT, A TAGTRES L Db DR
bbb, TNEHDOHTH - &b 7k TR 2 B 5%
T4 TAGAEEEVBTFDE, VA TADHOLET, ¥
ERBAEOED W TAWTIFEREZ 22 VvA Y —
(Rayleigh) &57i% s DIESOECSGHEL THS,

VA Y — SRS E DX S D bbInd (2
2L, M=y D& E),

Flps) =2(ps—r)exp{—(gs—7)2/a}/a - (8)
Fp)=1—exp{— (Us—7)2/a} ---rererrreerrases 7
R(ps) =exp{ — (s —7)2/Q} wroverreereenensanen (8)

T 2T, F(us) EHERE RIS F(e) 3ok, R
() REFERNERT, e RREDFA—£, 71X
RifBDRT A= 2 TCHD,

s DIELDER VA Y —HHTHEETE 5551, (8)
g FERE S U 7R RAL L, e &V —In R(ps) &1
EMBIRC 53T Th 5,
“f/% ..................... (9)

5 ®ix, W=0.12, 2.92, 100.42g IoWT, # &
V-In B(ts) & DBMRER LIS OTH S, 1HIFHE S
LEZONDFERE X Iz, /NIRRT HRO I EYRER
L ORI ZbDTEL, 0.957=7r=996 X | 2IFHE
WEREL D (B12K), g DIELOZIOWVT LAY
— S5 Hi % B TIED THAREEIR Z &m0,

ERFERTOWT, YK o {HE b, EREGED
FBIRRE r BRI L, HE12FTRLE,

VA U —arAavE, (6)~(8) o B S X 5, NE

v —In R(p) =
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Fhe RJEAR I 3T B EE IR LR

—1n R(u)
2.0
[
]
@
1.5F
1.0
@W=0.12¢
0.5 OW=2.92¢
: @ W=100.42g
w_14 L 1 : ! L
0.2 0.4 0.6 0.8 1.0 Hs

Hw12% @ b 7 Of

WO | ARBIREK Y @K | # &
W(g) 7 a b
0.12 0.969 —0.323 1.633
2.92 0.985 —0.777 3.463
6.02 0.957 ~0.675 3.240
11.82 0.988 —0.809 4.385
25.82 0.996 ~1.145 4.617
53.72 0.986 —0.931 5.503
100. 42 0.986 ~1.786 6.795

DAFGA—RZAQEFAEDRTFA— Ry D252 — 2T
L WPERRE, ThbD 2855 2 —&21%, DTIRT
FHEIC L - TRDL ZEMWTED,

(1) FEESFHICL BHE v1 Y ~SfHcky
TUx, BRAN o, v EBHEFIOFE ¢ &5 02 OB
R TIR I LB 1197

e Ve
p=r+ 2 10
0-9»:01(1—7:—) ............................ {1

FHER O ¢, ¢ OEANEHEE UT A, s BENE,
10, MREEB LW, BRI D o, v kOGNS,

{19, 19 st EBTRD S A, s 2 A, R R
TSR &R B,

Q= BB0 ST ceeerie e 1)
=1 0138 coeireeee e (15)

(2) EYREMRE vkDBEHE  HEESEOX 5K g

fs & N —In R(ps) & O EHRBEK

HIBE o v ORMER

wOE a T
W(g) | 4.660s*  2.30/6% | _ Fsi. | —a/b
0.12 | 0.1448 | 0.1629 | 0.2061 | 0.1975
2.92 | 0.0332 | 0.0362 | 0.2255 | 0.2245
6.02 | 0.0362 | 0.0418 | 0.1891 | 0.1825
11.82 | 0.0208 | 0.0226 | 0.2347 | 0.2353
25.82 | 0.0202 | 0.0216 | 0.2348 | 0.2353
53.72 | 0.0131 | 0.0143 | 0.2402 | 0.2409
100.42 | 0.0086 | 0.0094 | 0.2565 | 0.2560

&V InR(ps) & OEINCEMBBIR 2 ELT 500, &
INTFRE TR FREROES b 2 YEI @ & 25k

BB, b ek ar ORI RTRENDS, (9

VBRI EREE LT 57005 e~ D2 % e
ET A, EEICE, a BT OWTHEZTRZEI W,
Lo, o ¥ IIRRE bRkdD BB,

DED 2 FEZAWT £METLO a, v 2RkDE
13RIz, 2HEC X - Tkdiz @, 7 130D X
W E R, ), 15 RE AV BE L OF A R
TIWEEBZLLND,

DEDX S, ps DIEBDEREDT, ERR R v
AU~ TERTE, 295 A — % a, v PMEMEIE
X 5 TRDONDE T EHRHE BT EINT,

3:.3:6 Wka,venBEfE HRETDa vidH
13F#DL5ERKDOLNFZDT, B a, 7 & WED
BHRASRD BT, ZOEREHET COBEHES,
B0 ED TEARFERTEL L LTS,
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L, logW & loge & OMICIZITEEIR 25 BirT 5%
(FEOR) . Fl— Y — XOERGE ROV CRATIRE
TREE kDS ERADE S5,

—loga=log 15.640.40 log W+-------+ (19
1/03515.6 W35 (19’

(2) Wer otk  WEy oz owTiH#
N5 E, v & log W & ORNCIFIEEEBR 25 Bt 5
GETR), W=6.022 1 52K, 648000 TEN
IR L B Rk B LR DL S B,
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EHTELI LTS,

= e W15
#5%0.2194-0. 015 log W+ \/15 6W

=0.219+0. 015 log 0. 224 W-/5......[3)

S_‘\/l 7T/4W V5= 117 W buranrernnn. 1
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BEREEML Tw 5

E8HIT, 101=W =10°g #iF T @0, 01 =H 53k
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0.21
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HO8M FBI EyEs DRTERME
7is=0.219+0.015log W+0.224 W-1/5
s=0.118 W1/

D EODEHEPEET S, COEBICIIE, v Y —
SANETIAG R OEPIER EEL oD, v Y —4&
T OB R, TIESTRL S B TEEEm R TR v
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FETHLDOTIEE .
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LW S EERmICEPNG EER D,
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DX SHHRICLS,
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NEBEFEEEOIE LD &V FEE it Xh T
Who

EDHECENE EENICHIE TS L DTEST
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Summary

About the friction between two surfaces of solids Amontons’s law holds over a very
wide range of loads. That is frictional force is proportional only to normal force and
independent from sliding speed or apparent contact area. But recently a frictional
phenomenon in which Amontons’s law breaks down has begun to be mentioned. It is
inconsistent indeed with Amontons’s law that characteristics of loads or that of velocity
is discussed on the coefficient of friction.

As for study about pressure ranges where Amontons’s law does not hold we have a
comparatively good deal of studies on higher pressure range. On the contrary, that about
lower pressure range has been done a quite little and a clear conclusion about it has not
been got yet. It is the most important object of this study to clear the behavior of friction
at lower pressure range where Amontons’s law breaks down.

One of the complicate peculiarities of frictional phenomenon is the irregularity of
movement. That is the coefficient of friction shows variation. There is little study about
the irregularity of the coefficient of friction. Especially I paid attention to the distribution
of irregularity of the coefficient of static friction. I experimented the variation of the
coefficient of static friction at several loads (26-42 times at a constant load).

As the specimen a plane surface of glass was used, and the coefficient of static friction
was measured by means of inclination method. 1 took a special care for the experiment
in order to prevent the influence of the defacement. The experiment was designed within
a pressure range from 0.04 to 24 g/cm? (0.12~781.5g/1.8cm square) and the following
results were got.

(1) By investigating the experimental results, the average coefficient of static friction
becomes constant when the load is heavier than a certain weight and therfore Amontons’s
law holds.

In the lower pressure range the average coefficient of static friction increases according
to decreasing of pressure and at the same time irregularity of g, increases,too. In this
lower pressure range it is neccessary to attatch importance to not only average of x. but
also irregularity of it (Table 11 and Fig. 11).

(2) The irregularity of the coefficient of friction may approximate to Rayleigh’s
distribution under a constant load (Rayleigh’s distribution is described in formulas (6) ~(8)).
This approximation holds in both the range in which Amontons’s law holds and the lower
pressure range in which Amontons’s law breaks down.

(3) Rayleigh’s distribution is described in two parameters « and y. The relationship
between loads W and parameters o, y could be shown in experimental formula. By using
this formula not only the average coefficient of static friction but also the standard deviation
can be known (equation (20)~ (21)).

In order to look into the generality of my conclusion I investigated some reports of

— 138 —



W IR O I o B B R B 4

other workers.

(4) It was confirmed that the irregularity of the coefficient of static friction generally
depends on Rayleigh’s distribution. That is, as for the materials for friction, with not
only glass but metal, as for the forms of sliders, with not only planes but spheres, as for
the states of the surfaces, with not only dry but wet ones, the irregularity of the coefficient
of static friction depends on Rayleigh’s distribution.

(5) It was shown in other workers’ reports that the average value and the irregularity
of the coefficient of static friction decrease according to increasing of loads. But I could
not find materials in other workers’ reports to prove my experimental formulas.

At last I offered the following hypoyhesis as the mechanism of friction that causes
irregularity of the coefficient of static friction.

(6) Frictional force shows variations which depend on the area of real contact
determined by the following probability.

1) The area of real contact of the two surfaces welding one another is determined
by the probability depending on the forms, sizes and spacious distribution of minute peak
points on the surfaces and thickness of the boundary film.

2) The area of real contact is proportional to the number of minute points which
contact really.

3) The number of minute points which contact really is probably determined among
the group of minute points N which has probability of real contact.

4) The probability which only n points really contact by among minute points N
which have possibility of contact is shown in a binomial distribution.

5) The probability of real contact decreases averagely according to increase of
apparent pressure of contact, and approaches to a constant value.

6) The number of minute points N which is possible to contact really increases
proportionally to apparent pressure.

7) Frictional force is proportional to the area of real contact and the coefficient of
friction is shown at the ratio of normal force to frictional force.

8) The variation of the coefficient of static friction follows theoretically binomial
distribution, but as the specimen it approximates in Rayleigh’s distribution.

(7) The above phypothesis is enable to explain real phenomena of friction well It
is enable to explain the reason why Amontons’s law holds and the variation increases
according to decrease of loads.
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