creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000265833

o — Tl ¥ Lo N

ool RS0l ww=iFX ok KAkl 3BUi<O~BI0/

Rr00i0) RIRIZ0 B0

H

K X0




2016 83

SALEHS =2

ol

ot01EelE JI0 2] FEMoH A

A
S
Hold Setal|gsE a6t
A8d Bt

o

Collection @ chosun



ot01EelE JI10 2] FEMoH A

Held E3ta)

0 };I ol
o =
= dZzol

EH
=
A8d B}

Integrity Evaluation By Infrared Thermography
Technique And FEM Analysis Of Hybrid Gear

Collection @ chosun

20168 83& 25¢



]
~

ol &

of0IEclE IS FEM

50
X0
)
oy

il

M

S+
E

NS

o0

Ild

R0
2
ok

ol

X
ol
H0

oln
Ild
Hl

042

20164

ot
ol

E
ol

g
Ki

Collection @ chosun



d

4+
E

=
ol

g
KA
K0
orl
oF

ol

o
i

-t

ol

|
=)

|
=)

053

20164

o)
ol

E
ol

g
K

Collection @ chosun



LIST OF FIGURES  wrorererrersrersesssessssssssssssssssssssstsssssssssssssssssssssssssnssssssnssssnes ii
LIST OF TABLES  rreeeereeseessesssessessssssssssssssssssssssssssnssssssssssssssssssssssssssssessanes v
NOMENGLATURE  ++vereereesserssessesssessssssssssssssssssssssssssssssssssssssssssssnsssssssssssssnses vi
ABSTRAGT  oveeeeereessesssessessssssssssssssssssssssssssssssssssssssssssssssssssssnsssasssssssssssssssssaes Vi
Tl 1 B A 2 e 1
Hl 1 = G I ceeerereererersesenersenenssnestssestsssestesstssessstsseeesnene 1
H 2 B GIT S BE vttt saenes D
X.” 3 é—l g__rl g& ....................................................................... 5
H 2 & FQIA LBIAF DD cerererererrerereressisessnssssssssnns 6
A 1 & NN LBAF J[RO JHQ crerweerrrrsrerssssssssrssssrssssansans 6

1 . &Igl/l\_ﬂ(lnfrared Radiation) ................................................. 7

2 . DA 2I2] LU QI creeereeeerrer 9

H 2 &H QM WA EFAF I e 17
1. =4 I:él-g(PaSSive method) ............................................. 17

2 . g%&l I:él-g(ACtlve method) ............................................... 18

3 . _(P_I_I?_ O'”L"II HlO.ll:él-gO.“ [Il.E E_’@r ................................... 19

Db, BA MM ABIAH(Pulse Thermography) «wwswseemsemmees 19

L. ZA HOIX H2A L3HAH(Pulse Phase Thermography) - 20

Cl. Aa&=2 Mol H3tAH(Lock-in Pulse Thermography ) - 21

Collection @ chosun



x

OIEClE JI0e =

o}

A3 &

23

H1 & IS
H 2 & J102

H 3 &
M4 Z

24
27
29
29
33

LOIERIS J|0] E|E AH erveereererrersserrensessesssessenes
Ol1EelE Il FEM

o}

AY

H

0
|

e}

ofl

HH

1.

Z 0IHMlA 2= (Von-Mises Stress)oll & &

2.

36
39

KO
160
<

H 1 ZE

- 40
c

Kl

otolE=¢l

= g5t

=2
=

M2l JIY

i0F

Al

=

!

U

H1ZE

- 40

OIS I

KN

1o

A2 &

- 47

Moo
A

il
_Jn_

oK

0
20

o)

53

Hlw 2

=
-

2= Jlgol o

H 3 &

53

1.

54

ST HO|E ZU A s

2.

57
58

Reference Seeseeseessessessnsssessessesseaseeseessessessessnessessesseessessessessessesseessesssessesssses

Collection @ chosun



LIST OF FIGURES

Flg 2_‘] The e|ectromagnetlc Spectrum ............................................................................... 8
Fig. 2-2 Atmospheric transmission in different wavelength bands --eeereerreemneeeens 8
Fig. 2-3 IR camera with addition of scanning element for imaging -werereereerrremmeeeess 9

Fig. 2-4 The flux incident &, is equal to the flux reflected &', , absorbed &,,

and transmitted @t' ................................................................................................................. 12
Fig. 2-5 Spectral radiance of a blackbody(Planck's [aw) -« 13
Fig. 2-6 Radiation contributions to the general measurement situation e 16
Fig' 2—-7 Passive method (jenoptik ag) ............................................................................. 17
Fig' 2-8 Active method (jenoptik ag) ................................................................................ 19
Fig' 2-9 Pulse thermography (PT’ automationtechno|ogy) ............................................ 20
Fig. 2-10 Signal processing of lock=in infrared thermography -« 22
Fig. 2-11 Lock—in thermography (PT, automationtechnology) wwwweemsermemermeeeeens: 22
Fig. 2-12 Torque capacity of gear set, Pitch line velocity graph - 25
Fig' 2-13 Operation of QBT rrrrrr e 26
Fig' 2-14 Standard SPUE  gBAT  wrrerrrrssssrse sttt 27
Fig' 2-15 Hybrid Gear Optima| DeSign ............................................................................... 28
Fig' 2-16 Hybrid Gear SOl id MOge| orrerrrrererrerre 29
Fig' 2-17 Hybrid Gear Solid Model Mesh Mode|ing ........................................................... 30
Fig' 2-18 Constraints of gears and static load oo 31
Fig' 2-19 Structural ana|ySiS full disp|acement ........................................................... 32
Fig' 2-20 Von—-mises stress theory ..................................................................................... 33
Fig' 2-21 Von—mises Stress DiStribUut ion e, 34
Fig' 3-1 FLIR T640 |mage ....................................................................................................... 36
Fig. 3-2 Normal specimens and specimens of artificial defects e 37
Fig. 3-3 |R CAMEra SOFLWArE rreeersserressssrrrsmssssrrssssssssssssssssssss st 38
Fig. 3-4 The composition of Halogen lamp experiment equipment «wwesesrseeseee: 38

Fig. 3-5 Artificial production of defective specimens using hybrid gear cutting

Collection @ chosun



Flg 3_6 |nfrared therma| |mag|ng tests ......................................................................... 39

Fig. 4-1 After cooling, the thermal image of the test hybrid gear -ooeeeeeeeeees 40
Fig. 4-2 After cooling, the thermal image of the test hybrid gear Part.1 - 41
Fig. 4-3 After cooling, the thermal image of the test hybrid gear Part.2 - 41
Fig. 4-4 After cooling, the thermal image of the test hybrid gear Part.3 - 42
Fig. 4-5 After cooling, the thermal image of the test hybrid gear Part.4 - 42
Fig. 46 After cooling, the thermal image of the test hybrid gear Part.5 - 43
Fig. 4-7 After cooling, the thermal image of the test hybrid gear Part.6 - 43
Fig. 4-8 After cooling, the thermal image of the test hybrid gear Part.7 - 44
Fig. 4-9 After cooling, the thermal image of the test hybrid gear Part.8 - 44

Fig. 4-10 After cooling, the thermal image of the test hybrid gear Part.11 - 45
Fig. 4-11 After cooling, the thermal image of the test hybrid gear Part.12 - 45
Fig. 4-12 After cooling, the thermal image of the test hybrid gear Part.13 - 46
Fig. 4-13 The resulting graph of the temperature of the thermal test hybrid gear

AFLEI GOO | TNQ wrererereerer e 46
Fig. 4-14 Hybrid gear test image with the halogen lamp part.1 = 47
Fig. 4-15 Hybrid gear test image with the halogen lamp part.2 - 48
Fig. 4-16 Hybrid gear test image with the halogen lamp part.3 = 48
Fig. 4-17 Hybrid gear test image with the halogen lamp part.4 - 49
Fig. 4-18 Hybrid gear test image with the halogen lamp part.5 «weeeeeeememeneene 49
Fig. 4-19 Hybrid gear test image with the halogen lamp part.G «weoeeeeemeemeeeeee 50
Fig. 4-20 Hybrid gear test image with the halogen lamp part.7 «cocooeeeoeemee 50
Fig. 4-21 Hybrid gear test image with the halogen lamp part.8 «weweeeeemeremeeeene: 51
Fig. 4-22 Hybrid gear temperature result graph with the halogen lamp -eoeeeeees 52

Fig. 4-23 image of the after cooling thermography tes and halogen lamp test
Compar | (7o) A TR P P P P PP P PO PP PP PLPPRIPPPRLY 54
Fig. 4-24 ultrasonic thermography and halogen lamp temperature result graph

compar | (7o) A TR T P P PP PP PP LR PP P PLPPRIPPPRLY 56

Collection @ chosun



LIST OF TABLE

Tabie 2_1 infrared CiaSSification With Waveiength ....................................................... 7
Tabie 2-2 Gear types and CiaSSification ......................................................................... 24
Tabie 2_3 The type of gear damage ..................................................................................... 24
Tabie 2_4 The structure and Specification of QAT  rrrerrrrrressrrr s 28
Tabie 2_5 Materiais of QBT werrrr s 26
Tabie 2_6 Resuits of dispiacement and SETESS rrrrrererrerrrerrrt 35
Tabie 3_1 FLiR T64O Specifications ................................................................................... 37
- vi -

Collection @ chosun



NOMENCLATURE

B : Spectrum parameter

C : Speed of Sound in a Material of Horn
E : Modules of Elasricaty

F : Model parameter

F . Frequency

I, : Thermal value of measured whole radiation
I(7T) - Thermal Value

P . Density

R : Correspondence parameter

T, : Ambient air temperature

T : Atmosphere air temperature

T,,; : Temperature of measurement target

w, : Exitance of whole radiant energy

a : Absorptivity

€ : Emissivity

p : Reflectivity

T : Transmissivity

o : Stefan-Boltzman constant

A : Wavelength

- Vi -

Collection @ chosun



ABSTRACT

Integrity Evaluation By Infrared Thermography
Technique And FEM Analysis Of Hybrid Gear

Chi-Sung  Roh

Aavisor : Prof. Kim jae-yeol, Ph.D.

Oept. of Mechanical system engineering, Dept. of
Graduate School of Chosun University

Gear from industrial society has long played an important role as one of the
major mechanical components with bearings, screws. In addition to ensuring the
gear power transmission to the 20th century today as efficiency favorite reduce
greatly the gear for the watch hundreds of thousands of kW-class marine turbine
reduction gear and deceleration devices for cars and aircraft, differential
gear, wind generators, width the type also vary according to the application nor
is being widely used.

Rotation to the automatic transmission is often caused major defects etc.
bearing, the rotating shaft, of the gear parts, in particular, the defects in
the gear used for power transmission occupies a large part. Hybrid gears will
occur defects such as inevitably wear, deformation, cracking due to the frequent
friction error, operation steps in the processing steps. Defect in the Hybrid
gear is often the cause of the load, and generates a continuous relative to the
Hybrid gear and by the impact of vibration and noise a factor to accelerate the
reliability, reduced durability of the whole system damage.

In the overall analysis of the economic and quality of Hybrid gear by necessity

hoping to be manufactured in accordance with need. With the recent rapid
- viii -
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development of the industry there is an increasing demand for ultra-precision
complex shape machining of a variety of materials. Predicting the deformation of
the structure according to the various states, and a reduced accuracy due to
temperature changes, and predict the deformation of the structure, shall prevent
accuracy degradation as a function of temperature through the rigidity of the
structure. This background, this paper carried out a finite element analysis of
the Hybrid gear. First was the 3D modeling using the CATIA program to construct
a finite element model, structural analysis was performed by the finite element
analysis program midas fx. Hybrid gear can weaken over time, and may be followed
by transformation. In accordance with aspects of the structure it was modified
to obtain the specimens were prepared to experiment with a method using a
thermal imaging camera with a cooled thermography technique and a halogen lamp
as a heat source.

With the thermography technique after cooling it was measured to be lower than
the defect site other normal parts, the method using a thermal imaging camera to
a halogen lamp as a heat source could see that the defective portion that is
higher than other parts of the measurement. This structural analysis result that
the temperature difference over the experimental part and receive large amounts

of the load was found to substantially match a large part.
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Frame rate : T/4

= Integration time

Sa

(a) Loading
signal

(b)) Time pattern
of IR camera

(C) Thermal wawve
at pixel

Fig. 2-10 Signal processing of lock—in infrared thermography
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Fig. 2-11 Lock-in thermography (PT, automationtechnology)

Collection @ chosun

_22_



M
AY

FEM®H

=<

al

HO1E2lE D108 =X E N

[¢)

A3 &

Jl0{(gear )=

KJ
oI

OH

e

O

oK
z

Ui

oJ

un

D
D

O

S

ar

)

o
)

MO
=

JIHRA0ICH. 8t

NEeEx
tdss

ALOIS] Heldt D2 Z0 AIES

=

=
-

T

=
[a—

=
e

KJ

)

EHEDJI
FOIJIOS CH== At

21

=
=]

oA 2
, AEIA,

N

I.

c+t X
=2 o
H=
0SS

Ulo

KJ

00

Sz

= JIo, Ol=

Kir
0l

o’

s

A2 JIN0A O ==Jt

st

ot=

&

o}

10, &

c

0l

IL
o

tOl

o)
A RS2 LIS At

 —

—

HIE D10,

el JIo),

=

o,

A

ot
HALE S2HS0IA OE SEEi=Z

3

o
o

I.

SI104(

A

H

=)
=

2|

Ik
[=]

=2
TT —
= H O

o
=)

H1 & J02

Il S22 i< Ct

1012

-

10
JI
)
I
1

ol
E
Kio

ol

J

pS|
A

[ 80110 &FCH

=]

i

0

2 =0l

2151 X 0

=

2101 Ot
— 23 —

3

o
[y

Z50ot0 LIEFH X O0ICH .

FA X0 2l

i
[ed

| 3 JHXIZ2 &

Table 2-2 Ol

0l

=0
=2

[e]

, 104

Off LtEHE

I

IT

Collection @ chosun



CHOSUM UNIVERSITY

Table 2-2 Gear types and classification

Spur Gear

Rack gear
Internal gear 98.0 — 99.5

Helical gear

Double helical gear

Straight bevel gear

Spiral bevel gear 98.0 - 99.0
Jerol bevel gear

Screw gear 70.0 - 95.0
Cylindrical worm 30.0 = 90.0

H 2 &2 JINe &a=E

JI =42 J10012 mE (pitting), Ote=(breakage), &AI2H2| OF2(long-ran
gewear), A& HE (plastic deformation), A3 (scoring) el BIFAXCI T}
DAl Ot2(destructive wear) =2 JQI0l 26t 2LIHKCEH. AGMA(Amer ican
Gear Manufactures Association)= ANISI/AGMA 110.04(1980) R#20AM Z2E IO
£=A0] HRIE OIS Table 2-31F 20| CHAJIAl LBl 222 R2E20IULCEH.

Table 2-3 The type of gear damage

Wear

Plastic flow

Surface fatigue

Breakeage

Associated gear failure)
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Driven gear

Driven gear

Pitch Line

" B Pitch Line

Pitch Line
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Drive Gear

Drive Gear

(b) End of contact
Fig. 2-13 Operation of gear

(a) Start of contact
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S Jl222 MEoIALE. IS A= Table 2-4 F &LCf.

Table 2-4 Materials of gear

SM45C Standard gear materials
High L
SWA5C 9 50-55 arge gear
frequency side
SCM415 Carburizing 55~60 Pinion side
High L
SCMA40 9 50-55 arge gear
frequency side
Carburizing . .
SNCM415 o 60~65 Pinion side
or nitriding

o

Fig. 2-152 ol0l2clE JI02 ofi&d= <8 of0l2clE JIoe =FHEH UE
LIEFLHRACH. 32 THEE2 SMECEZ 0IF0HAM el XNES 116mm, SHE 11mm,
ool g2 20° , l+== 584 OIC.

Fig. 2-15 Hybrid Gear Optimal Design
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tOIEe2lE J12l Solid Model 2
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Fig. 2-162 CATIAE 0IEotH zEHLEH 2=&

LIEHH =3 OICH.

Fig. 2-16 Hybrid Gear Solid Model
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Table 2-5= 3dl0IE2IE JIH2 20 et 24X E LEtWLD U220,
2-18= midas NFXE 0126t XA 2 HAEGIEsS TAIS O 0|0
Table 2-5 The structure and specification of gear
Modulus of . Tensile
.. Poisson's | Yield strength
Material elasticity . (N ) Stress
ratio N,
(N/mm®) . (N/mm®)
HYBRID
GEAR 205,128 0.29 490 636
(SM45C)
_ 30 _
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18 Constraints Of Hybrid Gears And Static Load
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Fig. 2-19 Structural analysis full displacement
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Table 26 Results of displacement and stress
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= A70A AISE HAM Zotat bt FLIR Te402 HE= HEHZ 01SE
of £ECt. 1 diade, " HIAZEY, =2 2% =2dls, 2084 X, | 1ol
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b TAo| Al Bt Al
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Fig. 3-1 FLIR T640 Image
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Table 3—-1 FLIR T640 Specifications

Common Features

IR resolution 640><480pixel

-40C ~ 1507, 100T ~ 650TC, 300C ~ 2,000T
40mK @+307C

Temperature range

Thermal sensitivity/NETD

Zoom 1-8X continuous, digital zoom, including panning

Focus Automatic (one shot) or manual

Data communication

. USB-mini, USB-A, Bluetooth, Wi-Fi
interfaces

Size (L X W X H) 143><195X95mm
Weight 1.3kg

JHel GHOIECIE J10f AIEOICEH.

-
o
F

Fig. 3-2 Normal specimens and specimens of artificial defects
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IR camera software

Fig. 3-3 IR camera software

Fig. 3-32 &&Ul AIFZ2Z0HX= IR camera Flir 2AZERNOICt. 0 E2OHS
Sol0 Y F 00X 24 L 2% 24&2 & = UL Fig. 34= SaHAIt0
ctE 0188 MdMAEQ A& FH0ICH Ao JHETE ol =HS LS XH6t
JOH, S2AHIE 0I=25tH JIHE =2 = IR cameraE 0125t &&= ot
AULCH.

Fig. 3-4 The composition of Halogen lamp experiment equipment
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Fig. 3-5 Artificial production of defective specimens using hybrid gear
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imaging tests

Fig. 3-6 Infrared thermal
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Fig. 42 After cooling, the thermal image of the test hybrid gear Part.1

=)
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otd dl

G wot==
2Lt 5ot
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Fig. 4-3 After cooling, the thermal image of the test hybr
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Fig. 4-4 After cooling, the thermal image of the test hybrid gear Part.3

Fig. 4-5 After cooling, the thermal image of the test hybrid gear Part.4
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Fig. 4-6 After cooling, the thermal image of the test hybrid gear Part.5

Fig. 4-7 After cooling, the thermal image of the test hybrid gear Part.6
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Fig. 4-8 After cooling, the thermal image of the test hybrid gear Part.7

Fig. 4-9 After cooling, the thermal image of the test hybrid gear Part.8
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Fig. 4-10 After cooling, the thermal image of the test hybrid gear Part.11

Fig. 4-11 After cooling, the thermal image of the test hybrid gear Part.12
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image of the test hybrid gear Part.13

the thermal

Fig. 4-12 After cooling,

Fig. 4-13 The resulting graph of the temperature of the thermal

test hybrid gear after cooling
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Fig. 4-14 Hybrid gear test image with the halogen lamp part.1
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Fig. 4-16 Hybrid gear test image with the halogen lamp part.3
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Fig. 4-18 Hybrid gear test image with the halogen lamp part.5
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Fig. 4-20 Hybrid gear test image with the halogen lamp part.7
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Fig. 4-21 Hybrid gear test image with the halogen lamp part.8

_51_

Collection @ chosun



otolEel= JIoe 28

UM,

1}
760
KJ

o
il
2

9]

010

0l
(s
ol

]I
=]

ioll

=
Sty

et

IT

11:07:35

Fig. 4-22 Hybrid gear temperature result graph with the halogen lamp
o Fig. 4-22 2 ek

)
=

3

<+

oll

o

ol
o0

I.

<0

Xl
Ok

f

66.9CJ

ok
I

I[e)
<00
<0

H
ol

110

KK

—_

D
-
lo-

i0J
RM

oI

59.

o

[—

6.5C Spot3

—/

£t

L

(=)
=

z|

2
57.3C=2

—

—

a2 60.4TC=
, Spot4

MEEEO! Spot22)

83

9]

]I

A= BHOIECIE JIK e

o0
halll

J)

o0
halll

oJ

9]

<o
<0

H
0l

0l
Rr
=
K]

21
b0

0,
20 O

ol

o3
<+
5

ol
0l
ot

<+
il

Wl
A0

ol
o0

=0} Hot spotOl 2O

o
F

_52_

Collection @ chosun



I

o0
[l

-t

20
]
3l

Bl

Ml 3

M
~

g3sta OI0IXl CIoIH 21 =

1.

o
il
2

io)
00
Rr

oI
0F
oll

ol
A
al

ioll

b= of
110

<+

ol
0

-1 Z3tet 0l0IX

AqD

9)

b= of
110’

<+

o)

<+

oll

ol
LS

1

18
=8

0l
ar
30

OH
Uk

ol

It

H

HAE 2

[0
ol

]I
Al
70

Y

ioll

53
ot

0l
ar
30

0L

D

0l
Hd

5
[

Uk
i

oF
I+

ol
Rl
<0
K0

oF
I+
o0
fal

o0
()
<0

H
ol

Ok
g

ol
Rl
<0
K0

lo-

2
=

H

Fig. 423 (a)= -

Sotlt.

}

J

HE g

Sl

20 G

]I
A

M2eHml Dl

(a)Image of the after cooling thermography test

_53_

Collection @ chosun



(b)test image with the halogen lamp

Fig. 4-23 image of the after cooling thermography tes and halogen lamp test
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Fig. 4-24 ultrasonic thermography and halogen lamp temperature result graph
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