Formula sheet

(1) Principal Stresses for Plane Stress :

(2) Maximum in-plane Plane Stress
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(3) Maximum bending stress
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(4) Maximum torsional shear stress

(5) Maximum Values of Transverse Shear Stress

Table 2-2 Formulas for Maximum Transverse Shear Stress from VQ/Ib
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(6) Maximum Shear Stress Theory

(7) Distortion Energy Theory in plane stress
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(8) Coulomb-Mohr Theory

(9) Modified-Mohr Theory in Case of plane stress

Quadrant condition Failure criteria
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(10) Fracture Mechanics
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0.58.u Swu < 200kpsi (1400MPa)
Se =4 100kpsi S, > 200kpsi
700MPa S, > 1400MPa
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Factor a
Surface Finish Sut, kpsl Sut» MPa Exponent b
Ground 1.21 1.38 —-0.067
Machined or cold-drawn 2.00 3.04 —-0.217
Hot-rolled 11.0 38.6 —0.650
As-forged 12.7 54.9 —0.758
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For rotating shaft. For bending or torsion
(d0.3)"%1%7 = 0.87947%17 0.3 <d < 2in

. 0.91470157 2 <d < 10in
b —
(d7.62)"%197 = 12447919 762 <d <Slmm

1.51d70157 51 < 254mm
For axial load ky =1.
For non-rotating member

Apose = 00104647
d, = 0.370d

DT

Apgse = 0.05hb
d, = 0.808 Vhb

A 0.10at; axis 1-1
0907 10.05ba 1> 0.025a  axis2-2

4 _ J0.05ab axis 1-1
0507 10.0520a + 0.18(b — x)  axis 2-2
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1 bending
k. =4 0.85 axial
0.59 torsion
(16)
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Bending or axial:

ut

Va=124-225(107)s,, +1.60(10°)S2 ~4.11(10™)s], 340<S, <1700 MPa

ur

Ja=0246-3.08(107)S, +151(107)S}, ~2.67(107)S}, 50<S, <250 kpsi



Torsion:

Na=0.190-251(107)5, +1.35(107) 5% - 2.67(10°) ]

ut 50< Sm <220 kpSl

Ja=0958-183(107)S,, +1.43(10°)S2 —4.11(107°) 53 340<S,, <1500 MPa

ur

(18)
Sf = aN’
_ (fSuf )b
a=
S,
1. (7S )
b=——log| —1
387,
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= 1.06-2.8(107%)S, +6.9(107°)S% 70 < S, < 200kpsi
f = 1.06-4.1(107*)8, +15(107)5% 500 < S,, < 1400 MPa
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Goodman criterion
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Gerber criterion
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Gerber criterion
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For case of a shaft with bending stresses, torsional shear stresses, and axial stress, the von Mises stress
is of the form

o' = (af + STfy )]/2
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Shaft Stresses (Shafts subjected to transverse loading and torque)
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DE-Gerber
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Shaft Stresses (Shafts subjected to transverse loading and torgue)

o = (0' +0'a)2+3(rm+ra)11/2
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Estimating Stress Concentrations

Tablel: First Iteration Estimates for Stress-Concentration Factors Kiand Kis

T e L

Shoulder fillet—sharp (r/d = 0.02)

Shoulder fillet—well rounded (r/d = 0.1) 1.7 1.5 1.9
End-mill keyseat (r/d = 0.02) 2.14 3.0 —
Sled runner keyseat 1.7 — —
Retaining ring groove 5.0 3.0 5.0
31)
Table 2: Typical Maximum Ranges for Slopes and Transverse Deflections
1/4
n,y Tapered roller 0.0005 to 0.0012 rad
d _ d d-old o
new — “old Cylindrical roller 0.0008 to 0.0012 rad
Yai Deep-groove ball 0.001 to 0.003 rad
Spherical ball 0.026 to 0.052 rad
1/4 Self-align ball 0.026 to 0.052 rad
g (dy/ dx) old
dnew = dol I Uncrowned spur gear <0.0005 rad

1
(S ope)a“ Transverse Deflections

Spur gears with P < 10 teeth/in  0.010 in
Spur gears with 11 <P <19 0.005 in
Spur gears with 20 < P < 50 0.003 in



Figure A-15-8
Round shaft with shoulder fillet

in torsion. 7, = Tc/J, where
c=d/2and J = nd*/32.

Figure A-15-9

Round shaft with shoulder fillet
in bending. g, = Mc/I, where
c=d/2 and I = nd*/64.
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