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Introduction

Object:

Radial roller bearings of modern gas-
turbine engines with flexible thin-wall
housings and hollow shafts.

Motivation:

Development of approaches to
account for bearing rings
deformations in order to improve
distribution of the internal radial

forces acting on the rolling elements. |
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More accurate bearing life
assessments.
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Bearing and roller equilibrium TRANZIT

N rollers r  Outer ring — fixed Roller equilibirum:
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External force: F= [Fx Fy] ! How to compute

T .
Inner ring displacements: ¥ = [ux ity these quantites?

—|—6ij+5ej Mrj =0

where u,; =S;y and S; = [cosy; siny;| N+ 2equations
N + 2 unknowns: Q;; and u,, u,,
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Option 1: ring as a set of independent segments TRANZIT

Segment strain:

Tensile energy:

2
T=[ " %EaQA ds = %EA(:?;—m
7 EA#
General deformation Simplified deformation
pattern pattern
G G Notice:

e o

Bending effects are

neglected in this
approach

: Alfa-Tranzit Research Center
” Y”JMI 4 ”4 alfatran.com



http://www.alfatran.com/

ra 4

Option 2: Fourier series expantion TRANZIT
Fourier series expantion of the ring deformed shape from
an arbirtary j-th force: 1 .
Ao = % e w(e) de

w;i (p) = Q; Ak cos (kg) where
: : kZ:;) = = f ) cos (k) dg

The resultant deformed shape:
N N 0
wig)= > wi(e)= > 0; > Akcosk (¢ - )
j=1 j=1 k=0

How to compute coefficients 4, ?
) O sin ¢ Analytical solution [Liu J. Y. and Chiu Y. P. (1974)]:

OR?
R wle) =

x (¢)  where

902 3 7'[3
X (@) = ((so—ﬂ)sinsoJr(W—?JrZ—?) cosgo+2)
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Option 2: Fourier series expantion TRENZIT
Limitations:

1. Does not account for tensile effects (crucial for negative clearance cases)
can be resolved using approach 1 as a preliminary analysis step

2. Problems when searching for nonlinear solution.
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Rolling element flowchart:

1. Extract local DOFs values
w; = —UugG - €,
We — UH * er

\j_ \ 2. Solve nonlinear equation
\X Qu = CyL6"

Qe:Qi“l‘Fc with ‘5i=_§_wr_wi

4
66 — _ﬁ + Wr - We
3. Build local force vector and stiffness matrix
Qi KS _KS . . KeKi
P= and K = with K, = ———
[Qe —K K ? Ke + Ki

= 2 nodes

= 2 external DOFs 4|' (t3)olnvert g_antd K tOt |
(w; and w,) global coordinate system using

= 1internal DOF (w,.) R =e,el + eteg +e.el
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Numerical example TRANZIT

> ,
Bearing geometry:  RBE2 — for figidhlingingasase E E'=0.01F
N =24 Material:

— 11 P
R, = 75mm — pitch diameter E = 2x10""MPa — elasticity modulus

1 = 0.3 — Poisson ratio

R, = 6.5mm — roller radius
p = 7850kg/m?3 — density

R, = 54mm — shaft inner radius

R;, = 97mm — housing outer radius External loading:
b = 30mm — rings width E, = 5000N — external force
L = 16mm - roller length w = 12000rpm — inner ring rotation speed
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Numerical example: negative clearance

Negative clearance g = —40um
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Numerical example: positive clearance TRANZIT

Positive clearance and nearly zero clearance cases
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radial deflection, yum

Numerical example: bending vs tension TRANZIT
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Extension to large displacements and rotations TRANZIT
Bearing finite element: OF, OF, 0“

F + Fr = o — bearing equilibrium F, Oux  Ou,
Fr = |F Kg = |0Fy  OF
Newton-Raphson procedure E Oy 5 3 0
— Uy 7]
KAy = F +|Fg > 0 0 0]
Some large rotation formulas:
. sin 6
@ — Euler rotation vector hi(0) = ;
Q=1+ hy (0) ® + hy () ®% ~— rotation tensor ) ©® = skew (0) e (6) 1 (sin 9/2)2
where 5 —
[ =1+ hy(0)® + h3(6)®*  —tangent tensor 0 = 6] 2\ 6/2
1 - hi(6)
Transformation to global coordinates system: hs (6) = 92
uy | T
aj y=lux uy u]" =Qhupa= Q) (up—ua) oy = Hoyg
= —
YG upg (5y =0 (QﬂuBA) = YI‘i(SGA + QgéuB - anuA H = [_Qi YI‘Z Qi 0]
05 | with Y = skew (y) large spatial
global state vector of Element F; = H Fp motion wrapper
a 2 nodes element vector and matrix

in global coordinates | K¢ = H' KgH
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Extension to large displacements and rotations

y
C \ €0

A
.0 e
‘}wc ! B mp

Rigid link to impose constraints:

ugc =up—uc - (Qcepn —ep)l =0
1
93(; = —§axial (QBQI(;) =0

1 introduced via Lagrange multipliers

(I)Zzlu'uBC +/19'OBC

Rotation parameters:

mpg = 2kg

wc = 50rds = 477rpm

wy = 12000 + wo = 12477rpm
F = mglw? = 5000N
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Approaches comparison
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: Independent | Fourier series | FE structural
Metrics
segments approach model

Accuracy for
negative clearance cases

Accuracy for
positive clearance cases

Performance

Robustness

Extensibility to multibody
problems

Profiled rollers

Easiness to build
computational model

high
low
high
high
easy
yes

easy
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(if fixed)
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moderate
difficult

no
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THANK YOU FOR YOUR ATTENTION!
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