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Evaluation of uncertainty is an ongoing process that can consume time and resources. If can also
require the service of someone who is familiar with data analysis techniques. Therefore, if is
important for laboratory personnel who are approaching uncertainty analysis for the first time fo
be aware of the resources required. International inclination of measurement filed to guarantee
the traceability and confidence of measurement results discards the error concept and instead
analyzes the measurement uncertainty. In this paper, we analyzed the elements of measurement
uncertainty on surface roughness fest which are the important things in mechanical parts test.
Repeat the test by 3 men, the measurement uncertainty could be calculated.
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R = average value of the surface roughness parameter 21 Al71e] AAA7E B IbA e AEE FUt
R, = arithmetical mean deviation of the profile AE wol7] S E BY AESI A
R, = ten point height of irregularities A AL & £ A ARy H830 2 &
A= cut-off value Aol LA error)7t SAEH, olE g A=
C = statistics dg BEERE HUiskA gaMde H4¢ Fus
Vomax = Maximum variance & F gth. FAZEEIS0)INE SHESE
Vieai = Minimum variance gx3e FF0 E /\? FHEop A o]FoAE B
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X =measured quantity 2R BT AFE dloi] TIHA
Ve = effective degrees of freedom oF 3ka vk

u, = type A standard uncertainty olAL YN AYF 2ArE P o8 X
U, = type B standard uncertainty EA4A 71¥o] AMLEE, o]AL Y3 AFAuL T
U, = combined standard uncertainty 7R EYANA A8t A F(KOLAS :

¢; = index of the sensitivity of dispersion Korea Laboratory Accreditation Scheme)d] U A =&
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43 7P AR 7ol ] “dRz
ANAARS) 3 A&T|BHAG ] AT A
A, A8, ANE 2 Yo

Rl w

E d7dAe Fdugtn degFEEada s F
ZAFA KOLAS AEUAE 388 F z9AES 2
FEARE AGANE g EHESE EAE F
et at gt

2. 7R

2.1 BHASAT|Y e

AEL] dolt FA4E SHAY BEE O 2
A5 JeElE Ax Fo3AT AFEHEY AR
71 azle shutel 74pEViAld A 7 st
g ubA AFe] A ZopM, mpAE APAF
A GANA FASERE A F st 7p g
A FEE WA He Aol TuAEI(surface
roughness)e] v}, EHAE7| 9 &AL AF9 37
FA JoA Fo S F9 ey, &%
of A Adrie Al 7148 Ay £E9&
A7) A w9 T2 g<lelt)

29 AFVY 4 53 3 AFY) w9 27
X7} Table 1 7 && 7|59 4FS 7144 =2

=%
Table 1 Function and application of surface roughness
Function Application
Wear resistance Gear, shaft
Friction resistance CAM, clutch
Contact electrical resistance | Switching, connector
_ Abrasive resistance Machine tool guide
way
Tight fit Shaft, bearing
High precision rotation Bearing

211108 B AHET|

AR7] F49 10 A HAF AA(ten point
height of irregularities)= R, & X 7]|3t, A&7 =
Aol AEZT 71% Aol YolA 5 W7
e 3 5 WAzt Ade Fol W3 PFF
gtels, 71&e] He A" ZX9 peak g T
B, B A s WA 7R Fdgkeld,
7120l He HFAL A4 RAE A A ZE (phase-
compensation-type low-pass filter)& A2 #3} o}
2] HA2E AAY F FEc)

212 &= Ha AHEY|

A7V Fo] W] 44 wE FrHE
AQ7] FA9 & Fd AZY)(arithmetical mean
deviation of the profile)= R, & E7]3}H, 7]1& Zo)
1 viel Azt AEeHTL=R, 3Ed VERE

AE71 AHE vehdw ddighe 483 ghol
AR WAL v, A& FHeE YEpY
Hoa () e, we AV wiA "beE )

D R R R

1
R, =7j'§y,.klx M)

A7y, = BEAE 7€ E AFU] FXAeol o
g A3 dde¢ vehith ALZ@ge e
FAE w}a} AAsta, JEdels ALEH
9 5 Wigks HIA =W, AFAEY) JEHY
O AL Table2 9 gr}’

Table 2 Cut-off value and standard length for R,

R, Cut-off(h,mm) Length(l,mm)
0.006~0.02 0.08 0.4
0.02~0.1 0.25 1.25
0.1~2.0 0.8 4
2.0~10.0 2.5 12.5
10.0~80.0 8 40

22 BRENH
4 7%"“71 XA ZA oAlAA 4
oz ERsted 234 71719 3 ¥4 848
Xéé}ﬂ A% ol 54 BE, XY HHE
wgsy] AT 3 AH 53 BE, 5 ALY
T4 ¥ 248 WA A% 14 4 JZE,
Hag Aoz AgEE AMY] F4 2F 19

Table 3 Kind of surface roughness standards

Type Name

A Depth measurement standard

B Tip condition measurement standard

C Spacing measurement standard

D Roughness measurement standard

E Profile coordinate measurement standard
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Fig. 1 Measured standard specimen, PRN-10

Fig. 2 Measurement method of calibration standard
PRN- 10 forR,, R,.

23 SFPEHT N SAHIIY
2.3.1 —’—%’é%ﬂi
EBEE SO 7lel= 3
Aol Y& 01%011 23| %%i%%ﬂ dgg vE ¢
U= HEY ETE = 3]
t}h o] Ade %’%9 ik o

e o) f‘”ﬂ”* ou Bt AL, 4% Fatel
&3 dE FALE1985~1992), S AT BH
SR%E FEHeE AT o BUSA
& vElgE 80 B (1993~2004)9 oo} A
A48 AE HTLT SAd BUE v

= aeuEE 2uish Haioh

B2 E E43+E GUM(guided to the expression
of uncertainty in Measurement)’ & ¥ 3o} P
Fig. 3 ¢f AX2 Q%% + rh. zxqaﬁ—}E 24

Ol
el
2 2%

9], S0, 84, A
17 Fol Qo 71F Aae

37 A%t 55 AEL 2
Bl31(Step 2), ¢ FE 2 (certified reference material)
o E¥EE ?‘6}04 HuEgdd ATEEELS
Bl 2 TH(Step 3). XE EZo] ALEEE Fuig A
/\}o;‘q. ol ]ZU7\194 H;J.E tﬂ x]-t]] ;Qtﬂz:,eé
I8 8Hh(Step 4). AHEAIZE BE L BA B30 R0
HA, e detnE A" §& a#ste] B4
a“:}(Step 5). 2¥ste AL ol g5ty HEs
24 2 round T 2 2 trune FFE AMSBH
oAz HolHE FET(Step 6). I T NS
7L BEERE FAHSEp 7), 2FaE BE
3t " H(Step 8).
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Step 1. Sampling
Step 2. Sample preparation-

v

Step 3. Presentation of Certified Reference -
Materials to the measuring system = -

. Step 4. Calibration,of Ingtrumént
‘Step 5. Analysis
- Step 6. Data processing
R —
Step 7. Presentation of results
3 —

Step 8. Interpretation of results

Fig. 3 Uncertainty in analysis process

R
o=z XN A ¥ BEFdxs
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u,(y) _ u(y)
iu;‘m & Jo <))

= v, V.

i i=1 i
_ ur ()
4 4 4
u, () LU (») LK (»)
v V, v

a 4

Vo =

3)

2 (3)F Zo| Welch-satterthwaite 3-2]-& o] &3}
o FEAFEE FAHIH, AHI(degrees of
freedom)= FAIE F4A FEAS F 2399
g3 AR == =Y A2S oujsie FA
EFESRY BEEHEE UEHIH ¢ & 784
(index of the sensitivity of dispersion)& 7} 71th,
FEARE FAGRHS 275 AN EA TSt
= 8¢l xHcoverage factor) k FE t REF R
T8hA A

E AgeA g grozE= FY A W
AZZIE Yl gerEd s g3 A
Ry, FdEoIRy), 10 3 FTFAZYI(R) WE EH
AZ7l F40 ] AFY 7retetEd g4E 3
7eta, xEEE gevE E 4 sted F83.

2.3.2 SAHIY

UL NEATHE Hrees 7HE o8 X
7b AR, Rt o g AlgshE HHORE X-
chart, Youden plot @ KOLAS <] A+ Robust test 7}
Row, oyl Aol FA AT Robust test
Cochran 77, Grubbs A, McNemar ZAY &
o]-&-3 5.
McNemar 72 ©] 83 A (binomial test)2] 594
B2 F A9 FEE(paired sample)ofA L&
5 A9 dE ulaste RS Aot

Cochran Q #3782 McNemar A3 & A Aw o
ez FFF AEAAM He T WEy vge
HA & ol Aoyt JEHNE HASE ¥ HL3)
= 7Pgeltht

mlo we,

]

3
=

3. N8 % Ex

3.1 AI2FH] % 48

B A go] Alg-HE A (Fig. 45 Optacom A}
9 HANTEN Fo% 1~200 m, AF ¥
01 2 w43 B ¥ SHEZEE 0.028 molh.

A 49 FAL 33mm, HO|OlEE EYo
2 050 mm/s B =873

Fig. 4 Surface roughness measurement instrument

32 NEXZFAHE
NGAZE A RAIG A 3 B NIRRT 5 3 A
Pt A o1 43AT FHE FH Table 4 9

2o
Table 4 Results of measured data

No. A B C Total

1 2.68 2.63 2.61 -

2 2.67 2.61 2.62 -

3 2.66 2.60 2.64 -

4 2.65 2.65 2.61 -

5 2.62 | 2.64 2.63 -
Summation 13.28 | 13.13 | 13.11 | 39.52
Average 2,626 | 2.626 | 2.622 | 7.904
Variance 0.001 | 0.000 | 0.000 | 0.001

Standard deviation | 0.023 | 0.021 | 0.013 -

3.2.1 Cochran &%
ZF Az AYs 9 4XAS Cochran BA
o2 A HeE b F ARENFS 0.00053

ojm, Z+ Al@Ate] EAF FAE 0.00113 o] =Hip
Table 4 A E A5 AR AN S&d3le 712
3tSith
v
C: max 4
7 “

total
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2@ o 98 A% c e 055200

Cochran & EA® Ztol 99 % AF]FFEoA,
0.552<0.942 ©|™, 95% A FEA 0871 & e
gt 28ERz JFeE 99% 9 95%0f A 2
AGAZE Hojgk daghe] Eabel zolrt glod
T3 dolele AYmel Aoyt ficki wdhE i,
SEAtelgtn #uET

3.2.2 Grubbs &%

Zd AR BEFE-E Grubbs M oR HAE
A =E F HoolA 7 dojd diole HEe
2,626, 7t AEAF g g FT-2 2635 F F
F4 EALE 0.00035 o)t}

NG

2 (5ol 28 1=1.148 o]t}

Z+ AN PAZE BFES Grubbs WHHOE AAA
Grubbs | A Fo&F 0.01 oA 1.148 & 7]
ZaARE 1AL, FFE 0.05 oA 1,155 2.F
717 @A S Ve ER 7 gAY B
AFFE 95% D 99%o) A oA BHIHE
Higke] $ge o F vk

323 #oigt ¥ Foigt 4%

T = Loy =X (i=123)
L
f —_

Tminz - = (l 1,293) 9

ﬁ’

A e A3 Adig AR AT FAFS
Tona=1.042, T s =1.157, T 5=1.381 0131, 2] (7)°]

2 Hag AA A8 EATE T 1564, T
min2=1.254, T ina=0.920 o1t} 2} NEA EA
olele]l Wi AWk AAAN AR BAZF #ol
99% A1g] Fo5F 0.01 °f

FZ A 1.672 ©|8HH
A dld AEA ke B &4
) dlolEl s}t ¢le}.

g dioly F ol

33 EFEET

10 3] MEZA 23 A ¥ FEEFE Y A}

ZE Table 59 Zow, FA7] @¥A BY X
ﬁ%%glz,:_t 0.14 mk=2)2 &3z 3 FFE
B 0.029 molth, oAl dHE 4 ( 3
YHNBEEEHEE T8 u, =0.089 m7} Bk

Table 5 A-type standard uncertainty

Standard Degree of
Average i
uncertainty freedom
R (tm) 2.4 0.05 9

A 3l g3 FEAFEE FHEE 124 9
FEAFEE 78 F 9oy B
Table 6 3 7T}

Table 6 Combined standard uncertainty

d T
Type Stan z%rd Probability distribution
uncertainty
U, A 0.046 t-distribution
Uy B 0.070 Normal distribution
Upy B 0.029 Rectangular distribution
U, 0.089

tBEEFAA FEFFE 124 o NE S4B

= AFESFE oF 95%9l4 k Fhe] 2.00 olBE

o}
0.177 °] HH, FHEFEE XTI FHHL 24
0.2 mme] "} '
4. @E

B =EodX s KOLAS 714 B2d9AE
NEE ANEAL vaNg 9 S3E8E8EE 78
E wgddd g s1=stah

A" ke A ZIEE AP o,
o A FEE 97 JANE 9 Ao TUES
g Zol Bot eEHeE ¥tk BF A Y
sARsEe 4%, B2 wE APAFE 2o
A3} ﬂﬂ‘é?l‘ ARFge 4 F Joy, A
P 10 39 SATE uefstod ALESIT
¥ 7

2 d7e A4EAR AP EHAAY
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