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Abstract — As an economic, high quality, and highly reliable gear with low noise and low vibration is demanded,
an overall finite element analysis regarding a gear is required. Also, an infrared thermography test, which is a quan-
titative testing technique, is demanded for safety and longer lifespan of gear products. In order to manufacture a gear
product or to determine safety of a gear being used, it is necessary to precisely determine ingredients of a material
constituting a gear and detect any internal defect. This study aims to realize a design that minimizes the spur gear
displacement with respect to power during its rotation and ensures the spur gear control capacity by using a 3D
model and the midasNFX program. This facilitates the assessment of the possibility of cracking by evaluating the
stress intensity and focusing on the integrity of the spur gear. We prepare the specimen of the spur gear based on
the possibility of cranking as per the result of the structural interpretation from an infrared ray thermal measuring
technique. After cooling the spur gear, we perform experiments using thermography and halogen lamps and analyze
the temperature data according to the results of the experiment. In the experiment which we use thermography after
cooling, we find a rise in the temperature of the room. As a result, the defective part show temperatures lower than
their surroundings while the normal parts have temperatures higher than the defective parts. Therefore, it possible
to precisely identify defective part owing to its low temperature.

Keywords —spur gear(2>3 7] 1), 3D modeling(3D =2 &), FEM analysis(FEM3l4}), IRT technique(IRT”1 %)
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Fig. 1. Spur gear solid model.

& 5870 olt}. 71012] &A= Table 13} 7t} Fig. |
3} Fig. 2= ool W& 3D ModelingS 243t 2z}
ojct.

21. A1 7|0{ FEM &y
23 7lojol] FAT Rt 3] THhAE W 7]
ofsks oAl 231 Slofut %, wlojo) sieE 7]
ofibzs o] iR Eo] siesl A7k Aol
ZeEm QPANIA B ClEid dd
2 PAF) 5ol AP Yuk 2 AFL FAL
|

wje] sjilo] B},

/\ol
AA

2 =AM Agdaddd de] 48FHoA A e
e Feka s Z2 Q) midas NFXE &85
o 34-S Y3

] 3

i g1Ae] Feket fekass|Ae fleke] Fig 2
5.9
[<)

9} 7+o] 3D Auto meshE 83} meshsS o]

Table 2. The structure and specification of gear

CATIA =232 ©]-83} 3D Modelings 5343} Material Modulus of _ . | Yield  Tensile
. Poisson's
gom 7]0je] ¢tEZRe 2008 HFoF FYPT AA| of SPUR elasticity . strength  strength
’ GEAR  (Nmm) ™ Nmm) Nmmd)
£ SM45C 714 2738 71Eo 7 st A&
_g_ 1161’Ill’1’1, _1:”-_7]."‘{-: 11 mm, 7]01‘/] ‘%:}'E_:]'Z]'—g— 200, (31 (SM45C) 205,128 029 490 686
Table 1. Materials of gear
Material Sign Applying heat treatment Hardness HrC Usage
Carbon steel SM45C Standard gear materials
Carbon steel SM45C High frequency 50~55 Large gear side
CrMo steel SCM415 Carburizing 55~60 Pinion side
CrMo steel SCM440 High frequency 50~55 Large gear side
NiCrMo steel SNCM415 Carburizing or nitriding 60~65 Pinion side

J. Korean Soc. Tribol. Lubr. Eng., 32(4) 2016



29 7101¢] FEM 314 3 IRT 71HE A8 143744 57t

Fig. 2. spur gear solid model mesh modeling.
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Fig. 3. Constraints of spur gears and static load.
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Fig. 4. Structural analysis full displacement.
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Fig. 5. Von mises stress distribution.

Table 3. Results of displacement and stress

i\;last;rluall{ Maximum Maximum Safety
GEAR Displacement ~ Von mises stress factor

(SM45C) 1.16969 x 10? mm 94.0584 N/mm*> 7.293
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Fig. 6. Artificial production of defective specimens
using spur gear cutting wire.
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Fig. 7. The composition of Halogen lamp experiment
equipment.
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Fig.8. After cooling, the thermal image of the test spur
gear.

Fig. 9. spur gear test image with the halogen lamp.
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Table 4. After cooling, the thermal chart of the test spur
gear

SP.1 SP2 SP.3 SP4
16.4 19.2 19.5 19.0
16.7 19.7 20.0 19.3
17.0 20.0 20.1 20.9
17.5 20.7 20.9 20.0
17.8 213 21.3 20.4

Temperature
change 18.4 222 222 21.0
(0 189 227 231 214

18.8 229 23.6 21.5
19.2 232 24.6 22.0
19.7 23.5 249 22.5
19.6 23.5 24.8 22.8
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Table 5. spur gear test chart with the halogen lamp

SP1 SP2 SP3 SP4

65.7 59.6 58.5 56.4

66.0 59.7 58.7 56.6

66.2 59.9 58.8 56.8

Temperature ¢ 3 59.9 58.9 56.9
change

¢C) 66.5 60.1 59.0 57.0

66.6 60.2 59.1 57.2

66.7 60.2 59.1 57.1

66.9 60.4 59.3 57.3
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(b) halogen lamp temperature result graph.

Fig. 10. Ultrasonic thermography and halogen lamp
temperature result graph of comparison.
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