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Abstract : In this study, existing inner-diameter measurement devices were identified through Gage R&R analysis,
and a new inner-diameter measurement device was developed. This device is capable of measuring dust covers for
CV joints with an inner diameter range of 38.5 to 73 mm in a single unit, and it addresses the central alignment of
dust covers in previous devices by designing a V-shaped alignment jig. Additionally, the dual-spring structure design
leads to the automatic alignment of the dust cover, addressing operator skill dependency in the previous measurement
devices. Calibration results and Gage R&R analysis showed that the new device achieved a % contribution of less
than 1.8 %, a % study variation of less than 13.4 %, and more than 10 distinct categories, thus meeting the reliability
criteria for measurement systems. These results demonstrate that the new device can meet the required precision,
repeatability, and reproducibility within the allowed tolerance range. The proposed device is expected to provide
significant improvement in the tolerance management of dust cover inner diameters in production environments.

Key words : Dust cover(GAE #H), CV joint(55FR21E), Gage R&R(A|0]A] HHEA] 4l XA, Repeatability &
Reproducibility), Align jig(*J& A]71), Inner diameter measurement device(W|73=7471]), Dual spring structure(°]=
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Table 1 Inner diameter specifications and tolerances of dust

covers

Type Spec. [mm)] Tolerance [mmy]
A 38.5 (0/-0.15)
C 73 (-0.1/-0.25)
D 57.15 (-0.1/-0.25)
E 42 (-0.1/-0.25)
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Fig. 1 Mounting configuration of 2 different series of dust
covers
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Fig. 2 Results of gage R&R for type C dust covers using the existing measurement device
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Fig. 5 FE Analysis results of various dust covers deformation



Fig. 6 Inner diameter calculation using the second law of
cosines
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Fig. 7 Developed three-point contact-type inner diameter

measuring device
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Table 3 Results of gage R&R for contact-type three-point
inner diameter measuring device

Type | %Contribution | %Study Var #C‘::;:f;:t
A 100 100 1
c 94.38 97.15 1
D 98.95 99.47 1
E 100 100 1

Fig. 8 Reason of measurement errors in the developed three-
point contact-type measuring device




S8 - M4 - 0lFH - 27| - 0|¥F

A 71E9] AE5H 23 53 WAe g8t T A
o] EAIRE 7% Al A 54 vl o] o] de
[ A ] e e

222 A 23 &3 | M wet

A& 27 &4 e g2E A9 F4 JE A
g Fgral| ol EAI7E Al d EAE 7N
Ast7] 98 d=E Ave] F4 A4 7158 T3k
H 5 o] 49 X715 Fig. 99} o] AAESIcE S4 i
¢l Y2E AYE F 4714 Fiel™ Ul H9= 385~
73 mmolth. WA FoF AL S 913 AE Ao 93
Y74 M98 2= B E g AE A g 58 5 glojof
e §4& 71ddh

Fig. 9914 E21& F %ol 7] A Aae &
o3 HAE A YA H9E EF &8 5 e
FHAIE 71 webA], 4 gl 4 2E Aol UlF
HIE 25 X388 = 9= FH o2 Fig 109 2L v
el 4E A 21g ksl

Fig. 39] £glol= H Yol u9te V-3 AE A&
Bag ¢ =S £33 T H2E AW F9 AEL
TS wo] S A3} AN EE 18] S8 Al
o)A R&R #4& 7133}t 3D ZAY S A&

B

s

1

\\,z-_(-"__):_,.-/ BN ‘:g;l:, . g

Applicable to @385mm Hot applicable ta ©73mm
DfCover DiCaver

Jig

Fig. 10 The V-shaped alignment jig developed with sufficient
measurement range

578 AIASABYS =RY A4A ASZ, 2026

PLA(Poly Lactic Acid) 2= AE A 1E A|2e & 3
Z£2] 23 &4 A=A o)& HLe] H2E AW F
3 A& F3Pssich

SN 2=EL] AFA 7FE 7B Y 2E A 4714
£ 399 2GRt sHA SA% A dis] AlolA
R&R £4& T3 #8353 o 1 A= Fig. 1190 A
iyii=d

D B} A3 YR H2E AWM E S
A& A8 5 e 4 Y7 298 290 AT
PLA AA)9] AE A aE 34 LA 8] &) 4do] Yo}
2Fe] ot wigol] FHekelH, A2 T E XH =&
9 olFE AE AaE FF 2AE 7HEEt ARt
£ ZAo| vfgA sl D el 9] S A7 =34 o] 23 o]
T2 A8l G BokE AR stk

wEhA, b EAAES fAstna A A 29 &
AE LFu]E(AL) 60612 WA, A4 75 1)
9= D Rl dis) ASA 2 AEA S 7 EH3
t}. 352] 2427} D B} 571 H43ksh

Table 401 4] 818 4= Ql5zo] ¥ A 19| 424 ¥
73 o] F 41 7]&e vEsd D Bl x AlF 7]+
£ UEE G olAL 7|79 AL F7HAIA EA
oy A& Fo] viEAd 7 FHFHo| F3E A
Ao} o] AxE vlgow AY A8 53 oA
E AW U3 3 239 8= /A 98 A
F Ut

SAAEE H2=E A FE A 7A€ s &

Result of Gage R&R
WAfype WCtype METype WD type

3536

2067

14,68
g.g3 383 8.93
6.55
3.34
0.83 0.62 . 021 0
— — Sy ||

% Contribution

Repeatability Reprodudbility
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Table 4 Summary of gage R&R results between PLA and
AL6061 alignment jigs

# istinct
Material | %Contribution | %Study Var i
categories
PLA 35.36 5946 1
ALG6061 0.86 9.28 15
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Table 5 Spring specifications applied in FE Analysis

Free Spring Quter | Allowable | Maximum
Spring | length | constant |diameter | deflection load
[mm] [ N/mm] | [mm] | [mm] [N]
@ 15 2 10 10 9.8
@ 25 0.98 10 6 11.8

Table 6 Deformation results of dust covers by FE Analysis

under dual-spring structures
Type Deformation of dust cover [mm]
A 0.00046
C 0.026
D 0.0035
E 0.0015
(a) FE Analysis results of Type A
U, Resultant
+2.635e-02
+2.416e-2
+2.1596e-02
+1.977e-02
- +1.757e-02
+1.537e-02
+1.318=-02
+1.058e-02
+8.783e-03
+6.58%e-03
+4. 35203
+2.1062-03
+0.000=+0

L, Resutant

4358703
+3.288e-03

(c) FE analysis results of type D

U, Riguitant

(d) FE analysis results of type E
Fig. 13 Deformation results of dust covers by FE analysis
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Table 7 Results of gage R&R for all type dust covers using developed inner diameter measuring device

300 250

€ TYPE (72.999)

Fig. 15 Measurement on the reference calibration rulers

Type A | Type C | Type D | Type E
Variance components %Contribution of variance components
Total gage R&R 0.08 0.81 1.80 1.86
Repeatability 0.07 043 1.80 0.89
Reproducibility 0.01 038 0.00 0.97
Worker 0.01 0.21 0.00 0.00
Worker*Product No. 0.00 0.17 0.00 0.97
Part-To-Part 99.92 99.19 98.20 98.14
Total variation 100.00 100.00 100.00 100.00
Gage evaluation %Study variance
Total gage R&R 2.83 8.98 13.40 13.64
Repeatability 272 656 1340 9.45
Reproducibility 0.76 6.13 0.00 9.84
Worker 0.76 4.54 0.00 0.00
Worker*Product No. 0.00 4,12 0.00 9.84
Part-To-Part 99.96 99.60 99.10 99.07
Total variation 100.00 100.00 100.00 100.00
Number of distinct categories 49 15 10 10
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