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Measurement and Evaluation of Run-Out
of Bearing Surfaces of Nuts and Bolts

Manabu OKADA**, Shinji KASEI and Isamu YOSHIMOTO

** Department of Mechanical Engineering, Nagano National College of Technology,
716 Tokuma, Nagano-shi, Nagano, 381-8550 Japan

For leading to greater fastening performance, the severity for requirement of dimensional and
geometrical accuracies of threaded fasteners is increasing. This study, as one of the major factors
relating to the above matter, treats the run-out of bearing surfaces of nuts and bolts. The purposes
are to solve a probability distribution of the run-out and present related data from measurements for
contributing to accuracy control and accuracy improvement. Measurement samples are taken from
M 10 and M 10X 1.25 nuts and M 10 bolts on the market. It is derived that the run-out theoretically
shows a probabilistic feature characterized with the Rayleigh distribution or the similar one. With
that statistical feature, all measurement results can be well explained. In brief, it can be said that
this study makes the statistical feature of the run-out clear and gives some related data of the actual
conditions.
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(Datum axis)
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A:Reference plane
_ B:Mean plane of
X bearing surface

Fig.1 Model of bearing surface
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Fig.2 Graphic expressions of Eq.(2)
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Fig.3 An example of distribution based on Eq.(7)
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D:Reference threaded axle ®:Coil spring
®:Guide bush @:Spherical bearing
®:Pushhead  ®:Sample nut  (D:Probe for run-out

Fig.4 Main part of measurement apparatus for nuts
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Fig.5 Reference threaded axle for nuts
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Table 1 Nut Samples 0.2
No. 1 No. 2 No. 3 1, 2r=145mm \[——IMeasured
0.15 - h Estimated
Small type - ?
Hexagon nut 1 | Hexagon nut 2 o
hexagon nut § 01
M10 M10X125 | M10X125 H i
Product grade A or B 0.05 0.266
JIS B 1181, Annex !
0 - + ? T Y T
0 005 01 015 02 025 03
0.1 ' Run-out t (mm)
/T \ (a) Hexagon nut 1
E 0.05 :
£ / Run-out t 0.2
g / 2r=13.5mm CJIMeasured
(]
8 0.15 r wmnne Egtimated
8 ° opder” 2 L
c
M0 2r=14.5m 3 01
4
-0.05 w
0 90 180 270 360 0.05 | 0.249
Rotation angle (° ) / 1
Fig.6 An example of measurement record 0 - ; ‘ ' - "
0 005 0.1 015 02 025 03
(Hexagon nut 1) Run-out t (mm)
(b) Hexagon nut 2
0.01mm) &, ANEZNHIZYTEHTESNES
B E R, COHTIDIIBVWTE, EAELD 02
Bon=EdNEY L HAMMEERZEDER «, 0,0 2r=12.2mm |[C—JMeasured
A A .
B OWEB L, oL, R@ICLD, gk A DH 0.15 - Estimated

FEERDTOS. EROA(Y)E 2RI UKl
it, ISB1071 ICERHI 2 MREHRA, BIInT 2 il
EREAEAZ 1 (BEHEEA) BT HEL Al
BEERLTVE. 28, ¥ 7AREESBALS 20, , A"i"""
AEAERZ 2r X% 414.5mm, 13.5mm B LT 12.2mm Ppvdl
T#H%. Table2IZ Fig7 MG LY Y 7V OMEAT 0 003 01 01 c02,0% 04
CICELOEMEBOEETRT.

Fig.7, Table 2iZ L hif, BERO t ODAHBR(7) 2
HWTKOSNEHESGIRICELD, PRIELIE
Eh, BIZAAT Y M 12085 CEABORENS
W, ZOZ ERERIICEIT BT E T IV OGS

Frequency
=}

0.218
0.05

rliilii'i!-.z-m_ .

(c) Small ty‘pe hexagon nut

Fig.7 Histograms and estimated distribution curves

Table 2 Statistical values of nut samples

. Type of nuts No.1 | No.2 | No.3
BIRYTHY, BERNOAEED» S (), 8)2H -
WCEBOBERNOAFHRERE L, SEFME Sample Size 200 | 200 | 200
AT LNCEBILEERTS. 22 TOEONE A, (estimated value of 4) [um] | 62 | 70 | 108
FERICDOWT, Fig7 PICHI(V)TRENSFERAME O (estimated value of o)[ 1 m] 26 29 54
WEERTZE, SRERE, AATFY NOBEKCIE Estimated value of 0 [X10%rad] | 2.7 | 33 | 67
IFIF 100%, Nty POBEICIE 97%LEHEINS. Estimated value of A, [ 44m] 130 | 134 | 54
#oT, TOMEF Y FDXIRBAIIE, 2HERK No.1,2, 3: Refer to Table 1
ERETIBNHDPRETHDEEXD.

B0 & 312, R(7)iE Rayleigh % % A, 72 13 F4T METIE Rayleigh 22D L IC LTITAIEL W & B4

BHXE-BRTH IS, BEIRNICET 2HEH »3.

— 207 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

764 F v b B LRV - OEEENOHIE & T

4. KL hDHAE

4.1 BERBLAESE

EAMIZE, v bOBAE3. HERBOEZ A
LD AELBEEZRELE. Fig8llZD X EH%E R
7. BEHMOY A - VA UR@DERLY V7Y —
¥ M10-GR (JISB 0251 ffi/@&, 6g BRAUMH) 1C# L
ZEEDRUOERLCHAEDE, YL TIVRL b
®@zRIHEDLES. QRNECEMICHRLEES,
FTINFw bERATH Y VRN M 2ERETEEHO
ANV —THs. CThEeKEWMSZEHALT, Yo7
RNV FOR LIS LROEEDR UICETIIRS S
LOETFERRTE. F—F LMK T Y bOEEE
EfRICQLERE U, FHLUTERENIIY Y 7N 2R
T35, T LHAPOEIETEDZFITBRALE
RWIEDHTNS. &=, BRIA70X—~D7DO
—T7@IFY > 7RI b OBERNVREE, ©REE
[CEE U HESmoRGRRNRHATH D, BEEA
36° TLIZRT—FYERRTS. 2B, OIZL B
fBid4d. 2BV TTF—F LAREICHT 2RI ETS
BIZBEDORWS.

Yo7 RV MR, BEERAEFFEIBERRSE
nad MIWOASARNVE (JISB1180 MEE) #AHW, #l
EORNIAY ) — VIS K DBERHEFEELE. Yo
ZWHN b OEFREEIE S0mm (FEER 25mm, L
fh25mm) TH 3. BB, THETOABHREI NS
58BE, BV MINT A7 —F AZETIZEOEEEH
ICEZ A HISB 1021 IZiZ@ 5 55, AHEClEh UE
BRECIOVEBHERENFHEZTS>LICH 5. B
FOBADT —F LFEEIDWTIIWETHRE £MZ
5.

4. 2 BEHRLEE

Fv bDBEERRY, T LY B I
DBHDLDT, IBOITEKBIZL 2T MR ER
HT5. ZOREYD, Fig8llBWTH L 7IUHN MG
ORDICBER LT DI TEELETS ZTRU
EROBELERFL, OILHET370—-724% (A5
BE) KL h ZoMERORmEGIRNZHELE. 20
BRICL2 L, 72 7R UABSEKROAERR (£
IRIB) 1% 0.01° 2R, WERh (2REE) F30umig
ETHol. BERNHEICBNTR, SigrESELR
BEHEHTHY, ZOBICEHBETCES. BEOHEI

HEBREREVD, WEME 2r TR LEHT/DE .

ECED, AREICL DY 7R A EICEE
BoCHMT L.
Figd IZY > 70N #%Z 100 L LT, BECL-THES

NIZEEERN OB (S2EII8 0.025mm) &, F
v POBELERIILTANEZYTEDTESNES
FHHREETT. TV FOBABADICL Y FMEMSTE
2Zehbbrd. BI(V)eftahi=8EX3. 2 ¢
REEDIT, BEMEEA1° IIHIGT5. £, Table
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z5. '
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Magnification of A

@:Axle @):Reference internal thread
@):Holder
®):Probe for shank
@:Spherical bearing (inner)

®:Spherical bearing (outer) ©:Base ring

Fig.8 Main part of measurement apparatus for bolts

@:Probe for bearing surface
®:Sample bolt

0.3
2r=13.5mm C—IMeasured
Estimated
)
c
4]
3
o
°
w 0.1
0 ! /

0 0.05 0.1 0.15 0.2 0.25 0.3
Run—-out t (mm)

Fig.9 Histogram and estimated distribution curve
(M10 hexagon bolt)
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Table 3 Statistical values of bolt sample

Sample Size 100

A
A, (estimated value of 1) [¢4m] | 138
A

O, (estimated value of O ) um] | 485

Estimated value of 0 [X10%rad] | 5.5
Estimated value of A, [ £ m] 454

0.3

Frequency
=
N

o©
=

0.0 0.2 04 0.6 0.8 1.0
Run-out (mm)

Fig.10 Histogram of run-out of shank
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