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Structural analysis of a planetary gear carrier

in the slewing reducer for tower crane
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ABSTRACT

In this paper the structural analysis of a planet carrier was carried out for the design optimization of a
slewing reducer used in tower cranes. The stress changes of the planet carrier according to the tolerance of
interference fit were investigated, and the strength was evaluated on the basis of the stress level. The analysis
results showed that the tolerance of interference fit have an important influence on the stress level of the
planet carrier. To guarantee the static safety of carrier, the tolerances of carrier pinhole and planet pin as
well as loading level exerted on the planet carrier should be determined considered correctly.
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21 M 2H 1714,

afa] mEle Fig 13 o] 97 224 mm, E°] 86 Ug : Max interference fit
mm¢! ZHE]elet A7 2002 mm, E°] 68 mmel 370¢] Dp nax ¢ Pin maximum dimensions
e AadH =3 471018 AT 74 D¢ iy ¢ Carrier minimum dimensions

Be Flofe] Aatiol x@s, Aelolst Bl =Y
Holye sisl Alelol it pelRt SLAIRIRE =

o] HLFTt Uy = Dpmin — Demax @

714,
U, : Min interference fit
Dp iy Pin minimum dimensions

DC,max : Carrier maximum dimensions

A AIE Table 13 o] Ha A7) & %0
0.015 mm, &3t AA71&&Fo] 0.028 mm, Hh &

A7) &0 0.041 mm7F HATH

Table 1 Interference fit calculation

Tolerance, Interference fit,
Diam mm mm
Part eter,
- mm Max Min | Min Med Max
1an
Carrier | 20.02 | -0.028 | -0.041
0.015 | 0.028 | 0.041
Pin 20.02 0 -0.013
_
Fig. 1 Caier geometry 23 EH AHI|IE Da{st AR Ak
- AA7&F ALFEARZE ME FRL A5 A
22 AR = AL Zojst @l AN} 0oleke FFHo] HEHE
Lza Ao 7795 %% g3t A3k KS  ©), o= 4x @AW 9=g. == DN
B 0401%0] AAE o AN/ gHFS At 719088 o] &&te] 4 (3)7 o] EH AAIEZ

Kok HAd AA7 = FS *—l (l)ﬂr 2ol =9 A 13 AR 7] SFS A AL
=9 Ao s gAet T HA 58X o

zpololH, HA4 AA7IRFE 4 (29 2ol =¥ U,=U-08(R.,+R.,)

A Fo Ha s 7o A s8A e

3
o A2 AR ®
o 71A,
Uy = Dpmax ~ Demin M U : Max or Min interference fit
U,, : Interference fit considering surface roughness
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R, : Averaged roughness depth of carrier pinhole Fig. 2& 7iglo] aj4o] A8d F3tas 2
R,; : Averaged roughness depth of pin = YERd Zlelth A9 EtEe st $
HAF< stz Y8l Fig 339 2ol Alglol9 #+
Table 2 Surface roughness of carrier pinhole and AR =EE T St sHHRL A
oin 2at EUE 2s0d om AHA == FE
4009262 T3 TH
Part NO. Rz, ym Average, um

#1 10.6

#2 7.6

. #3 10.5

Carrier 10.83

#4 129

#5 12.2

#6 11.2

#1 3.7

#2 3.7

. #3 4.1

Pin 3.88

#4 4.2

#5 3.9

#6 3.7

Fig. 2 Carrier and pin mesh

Table 3 Interference fit considering surface roughness

calculation
Interference U, Rua, Ry, Amount,
fit mm pum pum mm
Min 0.015 0.0032
Median 0.028 10.83 3.88 0.0162
Max 0.041 0.0292

Fig. 3 Shared nodes on the contact area

olu Ry, Rae Table 29} o] 6709 slgloist

88 AES AS3te] W3 AA7| ot

A4AIE Table 33 2o] HAa AR 7] F 0|
0.0032 mm, F A7 EZFe] 0.0162 mm, =T
o12)7] 220 0.0292 mm7} =Tk, Meole] AAL GCD45001™ A 95t

AHE3E Z1A1E B4 X = Table 49 2T
9 EAA A 9 E(young’s modulus)@ Zo}F
H](poisson’s ratio)= FAFE A E Ho|EHo]~E

32 oM = I Wyt

51 A
3. 2o a4 Abgstgon, B S (yield strength)o} A21&
(clongation)> Fig. 49} #Zo] AAMJAGAAE T3t
3.1 7t A(FE) =& of ZAsA
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Table 4 Material property ZAAZALE Fig. 5 (@< &Zo] Moo =47
ol daijA 6 AfF= EFE ?ié}%lwﬁ stEx
GCD450 AL Fig. 5 (b), Table 59 2ol §A47]0j2] wlof
Young's Modulus 170 GPa Pol] Xt HFE AHF e FHEIATH
Poisson's Ratio 0.275 o] st Zlojutzo] ¥ FHol 9 kW o
Yiold streneth 340 MP fr8710] wojgol #&3te FoE rofurxs

teld strengt 2 A sl ety o) gste Atsii.

Elongation 21% [ Fised suppot
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Fig. 4 Strain-stress curve for GCD450

=443 FEFTE 340MPa, AAEL 21%E
ZA5Ron, A&l 125 % ol¥ol== GL
guideline 20100 wa} A4 24 BRdT 4
A &Ae] A% H7e GL guideline 20100] whah
57H8&# (Von-mises stress)= 7]|FOoE Y3 o

o, QEHAIG A4k 2] (4)9} Zo] AT

Ys
=
o (1.1 S7)
)

7] A,

SF : Safety factor

YS : Yield strength of material

ST : Calculated von-mises stress

ojlmj S7FEHel 1.1& FT olfE GL

guideline 2010l A9} Zo] A7 9| HHAFE 2
#a)F7] 9% o)k,

(b) Loading condition

Fig. 5 Boundary and loading conditions

Table 5 Bearing force acted on planets

Upper pin R1, N R2, N R3, N
X 105.26 126.73 1.67
Y 2141.93 1406.35 4484.62
Z 0 0 0

Lower pin LI, N L2, N L3, N
X -1353.03 -1203.73 -2125.13
Y 3336.24 3404.93 4636.20
Z 0 0 0
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Fig. 6 Contact condition between carrier

pinhole and pin Fig. 7 Carrier support bar
Eg AA7$20e FEN] Aste] f4¥ at042 v
= 7H\’4°1-4 HEF | S8 4 (contacts) S AH-E-3} e
Aqom, HExHo= U}%_ Zﬂ(frictional)% Eapcs 1813
stk olwl mpEASFE 0162 AHEFAoH, of c235
@& DIN 719070 zﬂA]ﬂcﬂ% 293} 3o

0.25987 Min

ZPA mpEA oItk A7) FE A (offset)
o2 dAstHoen, o] g2 EHAIYE 1
AX 7] 12& A& AHolth ol <x]7)
+FY 128 J8F olfrE HERUY Lz
HZ(contact) B3} ElA(target)d F&Eo EF HE

7] "ol (a) Total von-mises stress
I 119.53 Max
4. 6" A_.II 7E:| J_'—I' 119.53 Min e
Melele] Z= Hrke Ao AEH {FdHe
FHo} Fig. 78 2ol gl HeF FEA B : %
A A (support  bar) BEFNA  Hrt LY . -
(von-Mises stress or equivalent stress)= ©]-83}] <

Tt — i
314 A= Table 63 Fig. 8-109] YERAATE

qA AAE BH, A7 EFZF] H4Y o e

of AEFH AAY R FrhgHo] Z7

24843 MPa, 119.53 MPa°|x, 7t uw 278.99 (b) Von-mises stress (Support bar)

MPa, 11451 MPa°]™, Hthd @ 353.62 MPa,

114.76 MPa¢l 708 e} Fig. 8 Stress distribution for minimum interference

fit



£z
of
AN
rd
fol

PN
ofv
2,
o
o

r[o

D=7 Al 7bE- 8] A,

A|134, A5E

278,99 Max
248.01
217.02
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(a) Total von-mises stress

Fig. 9 Stress distribution for median interference fit

353.62 Max
314.35
275.08
235.81
19654
157.28
11801
78736
39467
0.19696 Min

(a) Total von-mises stress

Fig. 10 Stress distribution for maximum interference fit

Table 6 Carrier stress and safety factor

Interference | Stress, | Safety
Stress type fit MPa factor
Min 248.43 1.24

Equivalent stress .
. Median 278.99 1.11

at pinhole

Max 353.62 0.87
Min 119.53 2.59

Equivalent stress .
Median 114.51 2.70

at support bar

Max 114.76 2.69

l 114.51 Max
114.51 Min

Max

(b) Von-mises stress (Support bar)

l 114.76 Max
114.76 Min

(b) Von-mises stress (Support bar)
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