New Physics: Sae Mulli, @ CrossMark
Vol. 66, No. 7, July 2016, pp. 900~909 o

http://dx.doi.org/10.3938/NPSM.66.900

Development of an Experimental Apparatus for Measurements of the
Coefficient of Kinetic Friction with Linear Movement
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A new experimental apparatus for friction, which enables easy and accurate calculation of the
coefficient of kinetic friction by measuring the acceleration of a sample with a small error, has been
developed. For this purpose, a friction track of optimum size and function, on which the guide rail
was mounted so as to allow the sample to move linearly, was manufactured. Also, a glider that could
move along this guide rail was manufactured. In addition, a photogate stand and a stanchion that
work well without adjusting the photogate height or the angle for measuring the glider’s acceleration
were designed, and an easy way to attach and detach the sample to the bottom of the glider by
using velcro tape was developed. Consequently, the coefficients of kinetic friction obtained from
the new experimental apparatus were constant even for several experimental conditions: different

angles or masses.

PACS numbers: 01.50.Pa
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Fig. 1. (Color online) (a) side view and (b) top view

of design drawing of experimental apparatus for friction.
The unit of length is millimeter (mm).

Photogate Photogate
. stanchions
I,

Photogate

Photogate timer

stand

Fig. 2. (Color online) Experimental apparatus for mea-
surement of the coefficient of friction.
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Fig. 3. (Color online) (a) Top view and (b) side view of
design drawing of glider. The unit of length is millimeter
(mm).

Fig. 4. (Color online) (a) Top view (left) and bottom
view (right) of glider. Each arrow indicates a bearing,
and the letter ® and ® indicate velcro tapes. (b) The
glider is placed on the guide rail of the friction track.
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Fig. 5. (Color online) Photogate stand (@) and stan-
chions (®).

5. O} Al2o| 2t

Zae] HE BRI (Figs. 2, 4(a)). €5 Alm= 2to]
o 9] 2711 ¢] ot T Ha uietof| 742t 27f A AR 4~ Qe =
Z 4709 AR5 °F 17 mm x 90 mm 7|9 FAZLS
BeFos zugt ol@A shte] cladw v 2]
g AAS ARE 2hE BE RolA Aok A
S wlo] SR Al ARt AL sfof vl
A&l HZF WA 37] HetE = AP ot=t A
. oI, % o2 oL S 8 2R 012 5
L Zefolrie] o] 2el5e &
AollA 2ete]H o] AekE W3l glo
Art.

A2 et upa A9 Az a2 apE A4 24 A8
s17] SIaiAl Tl 9t el b aAo] AR
U Qe SERE AA0] ARS uhE AR AFgotet,
)3 o] np Alzet HESHE Mo AW A7t ofel
s Eo] whEstel AAE 1S Tefste] WAL 43 EH
A7t D2 Y AAR 2817t Ashern Bes ol
o} AHgstart. the ol AF T (1) ~ (6)
29} 512 Afole] x| upa A%ot 25 u
b 4 BAL BAER AEe Aol s
aba A4 nh RS AN S EA 7
S A A @ Aste] A 5 Dot £5A
A5l el Aokt oleld 7 A9l 250
wr2e] shgol 1RO % A 2% 0] 8ol
jol AL £E0letA 97 AN 77
3oz Mty
2 7o) o A FH Aol W4 LAt ok A
22A0] ZefolEi7h np AT Slol4 27 252 5

i)

rlo

*
2.[_:

)

3=
I

%o, Mo Y oy =
o o m il Jo o
£ 2= Al oo e >

o}
}
|

F

N
i o FUQ.

o
mb i)

O



Development of an Experimental Apparatus for Measurements of the Coefficient - - -

sh= Aoltt. J1Eal o] 5 flsliA] 7ol = e dat Hlold =
o ZEtel S skt Ty 2 Eel 9] 2F SO
ZEtolH o] o3} 7ho| = | The] F=of] of et nhE2
7t Abgtolth, 1A A B (7)o F7F APS
o)A nhE A% 53 Agns grz eto| o wlo]
A3} 7tol= d|Y 4] FE] & A%o] ol QI
£ HFH R BT, sfol= g AFgate 4ot
AgA g B9-0) N aE o) sl = A mitE
Slsf Bl
()ﬂﬂ”amﬂéﬁbW§Eﬂlﬂ

I

l

A

A,

:LB‘rOM«l Arerof] v Iz2]-¢-ut et iy 22 o] Al
€ =oli P 9] 7ol E e 719 & F =
® A7 v A€ SATH. AREA Q] o] 24 YA}
€ dAds] 2 npE A e 3] S0l 27
=etolE 7} |12 2)7] Al&she Ak 0,8 SRt 12
Al o] Zh& A (1) ol hdsto] FA] vk Alg £ 7.
ool = AE2 143] 3t

il

_4

s = tan b (1)

(1) 1 A RS AR S A7) WL R 25 o
A5 SRt
@ Fig. 5 (right) 2} Zo] ZEAC|E 270 2V TEA|0|E
AAHE o]-8ato] 40 cm B0 AFE HA0R REA
o|E ARiT o] AX|st 14 AL o]-gsto] T AEA ]
EE ZE/0|E goluo] dZA% 2|1 ZEACIE
o]t = ‘Accel -> Two Gates’” RER oto] Ht 7M1
38 Zo|giy,
E4e ol 3ol s UL 4ol FH2ro
A oL 2ol ehg Fjol= 2ol 719 S2fs
JEP7} ol Zelol 92 4 £ A710 A
o 2213 ol Z4e] 243k o9} vhA A
A0, FHANSE o B 4 ()0l ool &5
peE TR g =979.94 cm/s? o]t}

® JIN‘
2
H:l

7}

Jﬂ

Zi
o K
0

NI
<> on. ok

oot o &
L
1o

=tanf —
s an gcosf

® TR W] BAZIE 170 o4 25° 744 2
A skl AxZYe] WatE Folstnl 17 @2 Fawt
(5) 0 ARE SHW A A2 AAse] IF 55

= T o
Jo} SEAVIE WHOR £F i AL 24T

— Hyoungjoo NAM 905

@ Fig. 29} Zro] AZEALS A AT vpAA T e
THSHA F A ZO] A stio] 2 E A
A _tet,

@ S¢tolr et ol & Ao A& ail
Aol 23} sto] 24zt A&of ot AFE SHst
m, M o]zt 7] Z3qttt,

Q® Setolbet g FE @ FHo|E AR d4so &2
Aol 44 ==
@ 2Te|HE 7hol = Hdel 719] &es2 & H
7} Eot 2ol E 71 & F AN THEEE S4
a8 o] ZpEE O SAHY ot 1 @9 AF
TENMERE g5 A (3)° Hdst] 2% b
Tt

v

Mg— (m+ M)a

Br = (3)
mg

©® 73 @] Fetole 9l g m 3t 9

=) ML HHote B @ St
(6) FeH1e] vheel b 47 A8 AAR A
AU 2410] RS ol ool 4 (3) ~ (9
2 ohA] A @, AR Serolnt S5 74
T2 At 24 Aeste] gt

(7) THeo] 271 AL B,

 F7} 48 1 eloleie] Mol dat pol= A9l Do)

T

ﬂﬁﬂ]ﬂdﬂﬂﬂﬂﬂﬂﬂﬂ&%g¢mhﬂwﬂ
& F92 321 09 ANl Fefol
0] A4 EE AL acp o
512, 5] o 23t

aip, = gsiné (4)

o} vlislo] B}, oja] A7]0] A& EE
14° 0] 370 9] Zte o] el A}

a1 #ste] 8°, 10°,

@ 7} A% 2: 7ol = Qo] Agel whE wE sl
gtk o2 laiA ntRAF Y] Slol= H A FH
A5} 7ol = AL AT T 74 A9l el et
ofe] o] AL b A E TW AR Shof
(4) 9} 22 PUOR 24° O] BAZNA 2F vk ASE
Zgsha vl ma) 2o,
V. Mg Zn

L AE W o 4F B (1) ~ (6) FHA B
whzel gt el U A o] uha Alzet AXLt g



906

New Physics: Sae Mulli, Vol. 66, No. 7, July 2016

Table 1. Coefficients of static (us) and kinetic (uy) friction of a smooth and firm wood sample (14 experiments).
0s and oy, are referred to the average of critical angle 6,, and its standard deviation, respectively. 6 is the angle of
inclination of the friction track. M and m denote the mass of masses and glider, respectively. a and o, indicate the
average and the standard deviation of measured acceleration a, respectively.

Critical angle, 05

Acceleration, a

5. ) oo, fhs 6 (°) / M and m (g) 2 (cm/s?) o 1k
Measurement of 20.7 0.680 0.378
coefficient of
static friction
15.0 61.6 0.728 0.203
17.0 95.9 1.36 0.203
19.0 129.9 1.196 0.204
21.0 163.5 2.283 0.205
Measurement of 23.0 192.6 3.165 0.211
coefficient of 25.0 297.2 4.605 0.210
kinetic friction M=35.80, m=131.0 54.6 0.768 0.202
M=55.17, m=131.0 148.2 2.116 0.2062
M=75.28, m=131.0 226.1 6.159 0.2113
M=80.56, m=230.16 109.0 1.152 0.1998
0.206

Average

Table 2. Coefficients of static (us) and kinetic (p) friction of an uneven and soft wood board sample (14 experiments).
0s and oy, are referred to the average of critical angle 6,, and its standard deviation, respectively. 6 is the angle of
inclination of the friction track. M and m denote the mass of masses and glider, respectively. a and o, indicate the
average and the standard deviation of measured acceleration a, respectively.

Critical angle, 6

Acceleration, a

5. ) oo, s 0 (°) / M and m (g) @ (cm/s?) o Hk
Measurement of 21.3 0.945 0.390
coefficient of
static friction
24.0 84.8 2.27 0.350
26.0 120.4 1.900 0.351
28.0 157.2 1.579 0.350
30.0 190.6 1.930 0.353
Measurement of 32.0 223.6 3.848 0.356
coefficient of M=55.08, m—=131.0 56.2 1.09 0.339
kinetic friction M=70.39, m=131.0 121.9 2.630 0.3462
M=85.38, m=131.0 178.6 3.327 0.3508
M=100.61, m=131.0 929.0 4710 0.3549
M=125.44, m=230.25 138.3 2.504 0.3267
Average 0.348
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Table 3. Acceleration is measured 14 times for an uneven and soft wood board sample at the angle of inclination, 28°.
a is the average of measured acceleration a, and o, denotes its standard deviation.

No. a (cm/s?) No. a (cm/s?)
1 155.9 8 154.6
2 155.0 9 158.0
3 159.0 10 159.6
4 155.8 11 157.6
5 157.4 12 158.2
6 158.9 13 158.0
7 155.6 14 157.7
a (cm/s?) 157.2 Oa 1.579
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Table 4. Comparison of measured and theoretical accelerations of a rubber plate sample sliding down on a frictionless

inclined plane.

dezp is the average of measured acceleration aeyp, 04,,, indicates its standard deviation, and ay

denotes the theoretical acceleration. A (%) is the percentage difference between theoretical (as,) and experimental

(Gewp) acceleration.

Angle of inclination 0 (°) Gezp (cm/s?) Taomp asn (cm/s?) A (%)
8.0 134.2 2.853 136.38 1.598
10.0 167.0 3.765 170.16 1.857
14.0 231.8 4.322 237.07 2.223

Table 5. Measured coefficients of kinetic friction (ug) for a rubber plate sample at the angle of 24° without and with
guide rail, respectively. a is the average of measured acceleration a, and o, denotes its standard deviation.

@ (cm/s?) Oa Hi
Without guide rail 148.8 9.633 0.279
With guide rail 146.2 2.325 0.282
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