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Abstract

This study aims to evaluate the stress and life of cylindrical roller bearings used in aircraft gearboxes, and
to select a roller profile that minimises the contact stress between bearing rollers and raceways. The mounting
clearance of four points contact ball bearing was determined, so that cylindrical roller bearings support all
radial loads, and the bearing mounting position was determined to maximise the bearing lives. In addition, the
static safety factor and dynamic life of bearing were predicted according to ISO 76 & ISO/TS 16281 using
the load spectrum determined based on the operating load cases of aircraft gearboxes. Furthermore, the
optimal roller profile was selected by analysing the contact stress according to the roller profile shape, and
the safety of each roller was evaluated. The results stated that the required safety factor and lifetime were
satisfied, and Johns Gohar roller profile was optimal.
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g 9=EE B39 wd W HA H(radial v -im 200 O
mounting clearance)s AA3¢ltt wlojyg B39 Hb Radial mounting clearance (pm)
B % AA AF# Fig. 3 HEnda, Fig. 4 Variation of radial & axial force of Bl, B2
& B3 according to radial mounting clearance
Housing i\)\/laiiilnng of B3
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Fig. 5 Offset of CRB B2

90 40
—— IS0 281 Basic damage: Bl

ISO 281 Basic damage: B2
ISO 281 Basic damage: B3

- = = ISO/TS 16281 Basic damage: B1
= = = ISO/TS 16281 Basic damage: B2
= = = ISO/TS 16281 Basic damage: B3

Bearing damage for ISO 281 (%)
Bearing damage for ISO/TS 16281 (%)
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4
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Fig. 6 Damage of Bl, B2 & B3 according to B2
offset using ISO 281 & ISO/TS 16281
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Table 1 Load spectrum of aircraft gearbox

Load Ratio of input power Duration,
case to maximum power hrs

1 0.451 548

2 1.000 88

3 0.532 88

4 0.509 329

5 0.498 2,631

6 0.926 1,316

Table 19 3t% ZANA 2 /e A5 E Hod
(B1¥ B2)o] = g

ofo
p‘L
rir
£
o
O+
o
QL
Iy
|
B
ol
o=,
m



=0 eI

i
oot
ofl
oo
N
2
z

% 29 vojgel $9 9 5y Wt 39

Moment

(M) Radial Force
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Fig. 7 Radial force and moment acting on
cylindrical roller bearings

Table 2 Load spectrum of CRB Bl & B2

CRB B1 CRB B2
Radial Radial
Load Moment Moment
Case | load(#), load(F,),
(0), Nm (M), Nm
kN kN
1 2.5 0.7 3.6 2.7
2 5.8 2.2 7.5 7.1
3 3.0 0.9 4.3 3.4
4 2.8 0.9 4.1 3.2
5 2.8 0.9 4.0 3.2
6 5.5 2.1 7.1 6.7
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Table 3 Results of dynamic load rating for CRB
B2

Modified Life Cycles,
Ll()mr 11,777
x 10° Revs

Modified Life Time, hrs Ligprn 6,543

4. 2% B3 WolZS TE 2 oA

AE =2 wolFeA 99 /] HE: &Y
o A7I7F =99 FHe AASnRE Ho"e HF
e 7 2 FFE vAe Fe ZzEY Ao
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(micro-geometry) o 3l E] ZZ e wE
AE &8s M8ty fste] Fig. 83 o] dF =
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Z 23U (linear roller profile), A&¢ =7 TE3Y
(crowned roller profile), Lundberg® Z&] =23
(Lundberg roller profile), Din Lundberg®d &7 X
239 (Din Lundberg roller profile), Johns Gohar
2] Z23U(Johns Gohar roller profile)ol] o3}
HAd A= 9 B 58 BXE gl 7 &9
z2ado A 9t dEE(raceway)?] I 77}

Fig. 9 ~ 133 &t}

e

Fig. 8 Model of cylindrical roller bearing
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Fig. 9 Deviation of roller and raceway of linear

roller profile

=R oller deviation|

====Race deviation
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N S

5 3 0 36
Offset from roller centre (mm)

[=}

Length — Very short (pm)
[\S] B

Fig. 10 Deviation of roller and raceway of crowned

roller profile
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Fig. 11 Deviation of roller and raceway of

Lundberg roller profile
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Offset from roller centre (mm)

Fig. 12 Deviation of roller and raceway of Din

Lundberg roller profile
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Fig. 13 Deviation of roller and raceway of Johns
Gohar profile

& W/ EdA 25 Mg & HAEF 88 1
o™, Johns Gohar & Z=zudo] uUj/e&FolA
[e]

o = [e]
M oAe 1E 8

Johns Gohar 7] Z 232 Hojy E27} HA

<8 B¥E 2= P, M Johns®t R. Goharell £]3

AAE FeR, B AFe AFdAE 289 HF &
=

Ho] HAstES FAT F AJTH10]. wpEbA, #Hof
4 282 Johns Gohar ¢ ZTE3YS zZtx2 A7)
stlth o] A%, Hdl HEF §382 1,380.60 MPa=,

sl
Hojd =29 Hd A= ¥ 3§18 (maximum

permissible contact stress)Ql 4,000 MPag& WA ¢
QkTH7]. &3, Fig. 14 ~ 18949} o] tpekdt X7
3dg 7k wojFel A 60° ~ 120° Apolol] £ x|k
E9d & Yol Ao, F8 T2 w
g Eolo] A&t &8 BX 9 S HUgle] F
ol3h& sttt AE & HHUgkel 299 T
MO RFE olfF, F AEFHY FF FHA UE
U olfe W wHER k5 ol 9fel wojFol] #}&-3
= EHE 7218 Aolt}

Table 4 Maximum contact stress according to
roller profile shape

Maximum
Roller Profile |  Raceway contact
stress, MPa
Linear Inner 1,723.78
! Outer 1,428.90
c q Inner 1,515.13
rowne Outer 1,260.00
Inner 1,392.77
Lundberg Outer 1,157.61
] Inner 1,494.75
Din Lundberg Outer 1,242.97
Inner 1,380.60
Johns Gohar Outer 1,147.57

Normal Contact Stress (Inner)

i i i i
160 180 200 220 240 260 280 300 320 340 360 .
Angle (°)

Normal Contact Stress (Outer)

160 180 200
Angle (°)

Fig. 14 Contact stress distribution in case of linear
roller profile

Normal Contact Stress (Inner)

140 160 180 200 220 240 260 280 300 320
Angle (°)

Normal Contact Stress (Outer)

20 140 160 180 200 220 240 260 280 300 320 340 360
Angle (°)

Fig. 15 Contact stress distribution in case of
crowned roller profile




42 AR AT

zéi.@zlzfé.moﬂ

M

1 0

Offset from Roller Centre (mm)

140 160 180 200 220 240 260 280
Angle (°)

Normal Contact Stress (Outer)

Offset from Roller Centre (mm)

160 180 200 220
Angle (°)

Fig. 16 Contact stress distribution in case of
Lundberg roller profile
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Fig. 17 Contact stress distribution in case of Din
Lundberg roller profile
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g
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o
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g
&
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&
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Fig. 18 Contact stress distribution in case of Johns
Gohar roller profile

Johns Gohar &% Z23d& zh= HoH £ 9
A YA w2 Hu $HI 54 dte2 Table 5

oF Zrow, 1 T ZE Fig. 199 vrebidch
Table 5 Maximum normal stress and normal load

acting on rollers according to roller

angle position

Maximum Maximum
Angle, ° normal stress, | normal load,
MPa kN
0 0 0
25.71 0 0
51.43 907.33 0.75
77.14 1380.61 2.14
102.86 1380.61 2.14
128.57 907.33 0.75
154.29 0 0
180 0 0
205.71 0 0
231.43 0 0
257.14 0 0
282.86 0 0
308.57 0 0
334.29 0 0
Maximum 1380.61 2.14
1400 T T 2:2
1 === Maximum normal stress i
we= Normal load (Inner) g
1000 + + 1.6
& 1T 2
>} T 1 =
g 600 1 T! E
= 4
T04
200 +
0 i 0
0 100 260 300
Angle (°)

Fig. 19 Maximum normal stress and normal load
acting on rollers according to roller angle

position

wojgel 7+ Bl Agete $4 AFe 77.14°9
102.86° Atololl A H Pk 2.14 kNS 2t Ao 3
7}E] AT}, Johns Gohar &8 ZZIAYUS zZke= d%F

£ woge E8 ¥3 & (roller capacity)<
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