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A Study on the Characteristics of the Retainer applied to Taped Roller
Bearings under High Speed Operating Condition
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Factors such as weight reduction and improved fuel efficiency of vehicles interfere with the efficiency of roller bearings in
automobiles under harsh conditions. In particular, studies are ongoing to increase the load capacity and rigidity under high-
speed conditions. The development of tapered roller bearings that can be used under high-speed conditions is accelerating. In
the case of high-speed bearings, factors such as centrifugal force, gyroscopic moment, and slippage have a greater influence
on the performance of the bearing, unlike the traditional operating mechanisms. The resulting lubrication characteristics have a
profound impact on the failure mode of the bearing. In particular, unlike traditional roller bearings, system failure due to
damage to the retainer frequently occurs, suggesting the need for prompt investigation. In this study, the rotational
characteristics and strength of three models, a steel cage and two plastic cages for tapered roller bearings with the same
internal structure, were examined. A comparative analysis of retainers with different shapes and materials can reveal the
factors contributing to optimal performance under high-speed operating conditions and the optimal design of bearings.
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(b) Advanced polymer (c) Steel retainer
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Fig. 1 Retainer designs of tapered roller bearing

il
o
o3t
ox,
o
ook
o
.
2.
lo
)
ul
I
N
i)
o
r =

H 2> lo o 1r
e @
o

S
k1
¥0
o
1
T
2
[
_|>:4
o
BN
R
i)

Rioya flr
o
ox,
1o
nﬁ
Hm
N
1)
>
2
2
U

1B

1 A 2ol 9] 3] B4 H Aeg vlashy] ¢

25 7R HloRel dish AL L % Z29
ﬂ(JLf Z2|v 2Held)et Hold Wl f5 54e
AR BA A4 E2v FEoluE dAske] &
Figs. 1(@)2} 1(b)oll A 7 71A] &= 2lH|o[ 9] § o% 5
ek 7HA B S hE ElElolvdolH, B
ZTH Elojd ] Aeols AL fEARE Al
= 7}1‘ T A== AT A E = B A Are] E
o] FAeE A 71 FlEoly div] ekl =
3 A3 %‘;‘—El‘ﬂ 2lelojy o] - & &9 2lgolue]
3 Al 22 Rt AeAlet HEske HEwe] WA
FAZE FAAF] wiigel &M e A

o,
o
rﬁi’ b
;.: F_u

o
of
- e

, oF

AN

Fo_ﬁ_&_ﬂoqﬂ
_‘Z_llmoﬁi‘lil
X,

s
o

I,
o
~
tad
_\2

2.2 24X 2Ho[u

A SHleld = kA el 23oA 7P gol A= H
oly £ H|ojF& =Holuoltt. A FlHolve AR A
R H HA AdE ARgSke] A'ka e = diRr At
"k AA 2lElolv= S elElold Ho 7hede et
53%01] ek Alefo sl dA Fa4dL EoAARARE, 12 Y
ot &2 S0l AR &= Sl 7ol ok FZolls

o)

r

0:1 RS
%ﬂfﬂ A 7ol 7HAdo] FAFEHEA up EA 1 A0 E
o] Hojut Zejm) A9 Feoluo] o) 407t FolEw
Qleh. ANAQ) Mg 2 Te] 1% 2AGAE WA
ool 23 7HH; B9 £ E7do] thay] ujiel] A7) Aby
otk 44 % 54 5o st Bastt

Kl
1
BN
)
=2
>
)
T
o
I

. 1o
ot
Y
A
oX
g
N
H1
1
I
)
=)
)
)



ro

ZHLUSSSX| M40H M7E

July 2023 /565

A 2ol E dAlste] ARSI Fig. 1(c)ell A A 2
gloju o] F& Bl Qlrk. AeA dE 2ol olm,
A 8l 7ks S0l ofsf E2lv FfHol R 27} Zhds)
AL FA7E gft

3. 2lH[ol4 &Y siA

3.1 51A 2 2 sjA A

24 2N Hloln Ee) wolw efelold o] Hug A
a7] 918 AHe frates o4 e 1wel Abaquss B 24
SAe pastac. B2 Zon guloluet woly tre §
% EAS PN £3 A7 Eo0 ool sl o4
& sastel B4 vlmatgon, 24 lgolu] et 24
SAe Sste] Eemiel 44 Qo) ek AnE wlwsty
o). Fig. 2014 si4jel] 218 2zbe] wlofs wakt elgo]u o]

o] % %6P 311013‘—4 APF2 Table 10 Fejatgion, &
Z3Ael igt /g &= Table 20|4] K.o] Fc}.

& 270 Foshr] a4 WEel 20,000 RPMO. 2 34
= ASE VISR gHolvY I =5 Akbeti o
[4], o] 3|H £=& Yo g Filste] ZjE|o]of Rotational
Body Force® FaF5F3ITHI]. W& 249 4 A ()t 2ol =
glojy o] 31H & 413 4= qleH10].

Fig. 304 f3gtas 5H’»‘4% H
HojS=an Qi OH’S’H %
Sz gEloju ] Hi ng
3 1/209] =A== 7
o w2 AAMEE sy
Forceg Hi}s}9]tt

5t 2lelol 5 %
o] o] Rotational Body

[‘_1.
to

= _IZi mlo
.ﬁ
_CL

d ©
2
iC)
2

3.2 {54 ofM Au|

Al 74 TR B
getas sae 4

Hlolm =2 ol gojre] thsf
Figs. 49} So|A] 21 A5 Hoj
d oA 2ol o] W9, Fig. 5=
HojEth

™ ﬂEﬂC‘lLﬂ-‘l} Z&A 2lElel ol A
Z|E HoJFEal Q). Table 394
o] <ol el djet 2 9l 2 57 99, 12
QU ol H) 57} S8 ulasiect.

R a4 S A elgoluo] Agsks Yl o
A Aele] 4 ol i) A WYL A U 4 U
on, EAS] YR ARl Hf g2 1 s 22
2 % gk E2 Seju] elo]ue] B9 0.009 mme] 4

(b) Advanced polymer (c) Steel retainer
retainer

(a) Polymer retainer

Fig. 2 3D-model of tapered roller bearings and retainers

Table 1 Bearing data

Classification Reference TRB
Inner diameter [mm] 29.98
Outer diameter [mm] 62.0
Pitch circle diameter [mm] 51.721
No. of rolling element [EA] 20
Rolling element diameter [mm] 6.16
Rolling element length [mm] 12.0

Table 2 Material properties

Material Young's modulus [MPa]  Piossion's ratio
Steel 210,000 0.3
Engineering plastic 9,951 0.36
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1/20 cyelic symmetric condition

centrifugal force due to rotational acceleration

Fig. 3 FE analysis model - Boundary and load conditions

U, Magnitude U, Magnitude
S 200e-03
“az0ee0n isee0z
e ‘ jebizoed ,
e idsees
+7.432e-03 pEE -
+6.088e-03 13480002
+6.544e-03 v
+6.101e-03 13385002
+5.657e-03 v
+5.213e-03 138ee002
+4.770e-03 TRaeens
pose ] i 7ee s

. E7eee

et ] ]

(a) Polymer retainer

(b) Advanced polymer retainer

U, Magnitude
42,194e-02
+2/0382-02 .
+1.882e-02
+1.726e-02

441760803
131242203

(c) Steel retainer

Fig. 4 Results — Displacement distribution
4. S5 oA
4.1 01 23 H oM =A

Hol= glelo|q o] A%S AR y] 93| Schaeffler 152
S5t a4 29l CABA3DE o|&sto] Uubxel &4

s, Mises
(Avg: 100%) s, Mises
(Avg: 100%)
438730401
¥ +3550e+01

+6.6660-03
42504002

(a) Polymer retainer (b) Advanced polymer retainer

s, Mises

(Avg: 75%)
+3.0290+02
+2.7770402

41624001

(c) Steel retainer

Fig. 5 Results — Equivalent stress distribution
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Fig. 6 Results — Max. equivalent stress

Table 3 Results — Displacement and equivalent stress

Reference Advanced Steel
polymer retainer polymer retainer retainer

Classification

Max. displacement

0.009 0.039 0.022
[mm]

Max. Equivalent stress
[MPa]

Max. Equivalent stress /
Tensile strength [%]

7.5 38.7 302.9

39 204 73.9
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Fig. 7 Dynamic simulation model
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Fig. 8 Simulation result - Normal polymer retainer (3,500 RPM)
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Displacement of interface node, FE system
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(d) Retainer movement

Fig. 9 Simulation result - Normal polymer retainer (20,000 RPM)
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Fig. 11 Simulation result - Steel retainer (20,000 RPM)

Table 4 Results — Max. displacement and torque

Classification Max. displacement Average bearing torque

[mm] [Nm]
Reference polymer retainer
(3,500 RPM) 0.006 0.317
Reference polymer retainer 0.072 0.621
Low torqu.e polymer 0.055 0.626
retainer
Steel retainer 0.007 0.622

S, Mises
(Avg: 100%)
+1.877e+01

» :+1.77e+001A@

+0.392e+00
+7.829e+00
+6.266e+00
+4.703e+00
+3.139e+00
+1.576e+00
+1.314e-02
Max: +1.877e+01
Elem: PART-1-1.22§
Node: 1297

Fig. 12 Equivalent stress under Max. displacement on retainer
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