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Abstract- For the life prediction and fatigue failure prevention of the constant velocity joint, the maximum equivalent
stress and its location in depth from the contact area are essential. These values give the fundamental information
to determine the depth of the surface hardening treatment at the contact area. Contact stresses are evaluated at
the surface and subsurface of the ball groove of the Weiss type constant velocity joint. The maximum contact pres-
sure and the maximum equivalent stress are obtained. The effects of various parameters such as the radius of ball
groove, friction coefficient, and residual stress are studied. The maximum equivalent stress and the maximum con-
tact pressure increase as the radius of the ball grove increases. The location of the maximum equivalent stress moves
toward surface as the friction coefficient increases. It was also found that the maximum equivalent stress becomes
minimum when the compressive residual stress is about 0.16 times of the maximum contact pressure.
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Table 1. Results of the geometrical analysis

of the Weiss tvpe CV joint

torque arm contact force,

ot | length, (mm) (kN)

f(deg) Limin Lmax Fmin Fmax
0 99, 54 99. 54 187.2 187.2

5 " 99. 57 187. 1 ”

10 ” 99. 65 187.0 ”

15 ” 99,77 186.7 “

20 ” 99. 94 186. 4 ”

25 ” 100. 15 186.0 ”

30 ” 100. 41 185.5 ”
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R’ :effective radius
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Read Input Data
i} Geometry ; Ri

ii} Material Properties : Ei, v,
iii) Applied Force . F
iv) Friction Coeff. : f

Solve Elliptical Hertz Contact Problem

)Major Minor Axis:@ab
iiYMax. Hertz Pressure. P,

]

Read Cartesian Coordinate :
Xy z

Transform Coordinate from

Cartesian to Ellipsoidal

Calculate All Terms to Evaluate Stress Components

Evaluate Stress Camponents at x v,z
I
Evaluate Equivalent Stress at xy,z

Find Max. Equivalent Stress Value and Position

[

Print Each Stress Components

and Max, Equivalent Stress

Data Display

Plot Contours of Equivalent Stress

Fig 4. Flowchart of the program for contact

stress analysis
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Table 2. Results of the Hertzian contact analysis

ball dia. groove radius ! major axis | Minor axis | max. pressure
D (om) R () alm) | bm) | Po(MPa)
4.45 | 22.269 (0.501D) 12.16 0.91 2323
4.45 | 22.314 (0.502D) kA 104 2657
44.45 | 22.358 (0.503D) 21.67 112 4;870
4.45 1 22403 (0.504D) 24.73 119 3037
44,45 | 22.47 (0.505D) 22.70 L2 3171

Table 3. Max. equivalent stress and its depth

groove radius eq. stress (Mises) eq. stress{Tresca)

Rm)  |max. Sm(MPa)  Zd(m) |max.St(MPa)| Zd(um)

0.501D 1301(0. 56Po)} 0.65(0. 71b) {1414 (0.61P0)| 0.72{0. 79b)
0.502D 1492(0. 56Po)| 0.74(0.71b) |1625(0.61Po) | 0. 82(0. 79b)
0.503D 1619(0.56Po)! 0.80(0.71b) | 1763(0.61Po){ 0.88(0. 79b}
0.504D 1713(0. 56 Po)| 0.85(0.71b) | 1872(0. 62Po)i 0.93(0.79b)
0. 505D 1792(0.57Po)] 0.89(0.71b} 1961 (0. 62Po)| 0.97(0.79b)

Fig.5% & & ¥&97dl w3 Po, 3o Sm, St 4

742 yepd o), Fig 6-10-2 Z34bo 42 Sm
sh St 2z @ATD} Fig 11-15 = 7+ % £27]
o E Sme| Erk1% vhehdl alo|ch. Table 4 1=
R =0.502D<l 73-%- n}atAl ¢ wizlel] =& 2 Smzb

Journal of the KSLE

Zde Jepll
A3l Fobsle Zd & FolEol

.
5

EERA upEA g Skl el SmE F
=0.28 ol = 2

f
A4 el Smot £9RE UF alsieh olzs ok

%_Lﬂ]‘rﬂ HE

539 9ol 2 S 14

]
zho] 3| Lgp $lat Lab Lgaelo] A Fabat

l 7} aA=cl Fig 16-18%= nharAl 7 22 0. 05,

0. 20, 0. 2891 749l olgt Sme|
o]k

oldis astsheal e

'

BodFrl Fig. 19+

%ﬂ‘*ﬁ vRERE L
ozl S18E F7hgee,

Hatal Ao 7

AR5 o] odsks
A} oks] sl gl
-~ Mises 3+2-%714lof] wpgbom, Table 5i= A3
Aol ke Hol Smat #o] Smubd  g1AE
Table 52| #w Sm& 4| zlgh

g, AH-2¥e] Pyel 016w 5 425MPa2| <
25 Selo] Exlgha) #of Smghd 1159 MPa s«
a3k A7 ek whebd, 4HrSE e vl Halsh
Al zATo A Ao gl Al of 22%3]
o Eobg s b4 7 oeldleh Fig. 20-23-0- 4b
Sl wislel ap Smogh wiebE 3xslo bt
o|v}

Table 4. Max. Sm and Zd for various friction

(R =0.502D, Po =2657 MPa)

coeff.

= 1

friction coeff. 0.6 0.0510.10 | (]1) O"UWO.ZS 0.28 10.30 |

\
max. Sm(MPa) 1492 | 1497 | 1510 | 1535 | 1570 | 1614 | 1660 1731‘

i
Zd (mm} 0.7410.73 |0.71 10.67 {0.62 10.54 0.0 1 UA()i

Table 5. Magnitudes and position of max eq, stress

(Sm), as a function of the residual stress

{(f=0.0, R=0. 502D, P, =2657MPa)

position (mm)

ar/Po max. Sm{MPa)

Y z

0. 6{tensile) 3075(1. 16Po) 0 0.71(0.68b)

0.4(C » ) 2548 (0. 96Po) 0 0. 71(0. 68b)
0.2( » ) 2018{0. 76Po) 0 0. 74 (0. 71b)
0.0 92{0. 56Po) 0 0.7410.71b)
—0.2 (compre. ) 1178(0. 44Po) 1.01(0. 97b) 0.42(0. 40b)
—0.4( 7 ) 1532(0. 58Po) 1. 13(1. 08b) 0.31(0. 30b)
~0.6{ ~ ) 2007 (0. 76Po) 1.16(1. 11b) 0.23(0.22b)
~0.16 - ] ) 1159(0.436Po) | 1.93(0. 89b) 0.48(0. 46b)




Po,max. Seq and Zd

3500
7] Po (MPa) g
3000
2500 < max. St (MPa)
A max. Sm(MPa)
2000 a0
1500 %
1000 A R S
e £y
-i—/é.-——-
. x + Zd of max. St(x10"°mm)
500
% Zd of max. Sm(X 10"* mm)
(} T T ™ T T
0. 500 (0. 501 0.502 0. 503 0. 504 0. 505 0. 506
groove radius R {(xD)
Fig 5. Groove radius vs. Po, max eq stress (Sm, St)
and depth of max.eq. stress
1700 = ' - - - : }
! i ’ S 5 i ;
I
1500 i : : - ; 1
i : \ : : : !
P oe— b j i
= ! ’ } "N Tresce i E
a 1300 e
: ; ‘ . . . i |
TN
2 Y 2 ! Mises "\, TN : i
£ 1100 ‘ TR
2 1 A | ; ; i OO !
S /b RN
900 ~eri— S,
' : : ' i ! i ‘ !
: i : : : | | : i
700

Fig 6. Eq. stresses derived from Mises and Tresca

Eq stress, MPa
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Fig 11. Contours of Sm (GPa) beneath directed
along X =0 (R =0.501D, =0, 0)
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Fig 12, Contours of Sm (GPa) beneath directed
along X =0 (R =0.503D, {=0.0)

Fig 13. Contours of Sm(GPa) beneath directed
along X =0 (R =0.504D, {=0.0)
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Fig 15. Contours of Sm(GPa) beneath directed
along X =0 (R =0,502D, f=0. 0)

Journal of the KSLE

Fig. 16. Contours of Sm (GPa) beneath directed
along X =0 (R =0, 502D, {=0. 05)

Fig 18. Contours of Sm(GPa) beneath directed
along X =0 (R=0.502D, { =0. 28)
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Fig. 19. Max eq, stress (Sm) as a function of
the residual stress
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Fig 20, Variation of the Sm in the Y-Z plane
(R =0, SOZD, O'I.:Q_ 0P 0)
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Fig 21. Variation o'f ={'he Sm in the Y-Z
plane (R =0.502D, o,=-0. 16P o)
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Fig 22. Variation of the Sm in the Y-Z
plane (R =0.502D, ¢,.=0.4P o)
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Fig 23. Variation of the Sm in the Y-Z
plane (R =0, 502D, o,=-0.4Po)
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