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ABSTRACT

Development of Precision machining process method
for hybrid large scale special gear Reliability

Assessment

Gyung-11 Lee
Advisor : Prof. Kim jae-yeol, Ph.D.
Dept. of Mechanical system engineering, Dept. of

Graduate School of Chosun University

The gear has played the important roles for long time as the one of
representative mechanical elements together with bearing and screw since the
industrial society. The gear not only plays the role of transmitting the power
and is widely used as the one for the wrist watches in small size and turbine
reduction gear for vessel in thousands of kw class, reduction device in
automobile and aircraft, differential gear and wind power generator in large
Size but also its kind and usage are various even today.

The gear that is developed in such various ways is developed to carry out the
complex operations and its research and development are carried out in various
types. The gear with such complex operations, special generation and shape is
called as hybrid gear and its development is being carried out by the companies
and academic society actively.

Some flaws are found in such hybrid gear sometimes, however, the flaw of gear
that is used for transmitting power and changing the angle especially take the
large portion. When it comes to gear, the internal crack is generated in case of
forging process, error is done in process step and abrasion, strain and break
are generated in the operation step due to the frequent friction. The flaw of

gear may become the cause of damage as it generates the vibration and noise from

- Vi -
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the load and continuous collision with the counterpart gear and it plays as the
factor that accelerates the fall of reliability and durability of whole system.

So, the general interpretation about the gear is necessary by the necessity
that the economic and high quality of gear is produced. The quantitive Infrared
Thermography Test evaluation is required for the safety and lifetime extension
of gear products. The ingredients of material should be grasped and the internal
flaw should be monitored for manufacturing of gear product and the safety of the
used gear. In case the flaw or heterogeneous material is in the gear, its
existence, shape and location should be grasped because it may lower the
performances and lifetime of the gear considerably.

As even small damage in the operation step of the gear may cause not only the
severe damage to the machine but cause big accident due to mechanical defect,
the periodic diagnosis and soundness evaluation against the gear are very
important. There many ways of detecting the flaw of gear. In case of ultrasonic
flaw detecting test, Manual Ultrasonic Testing, Phased Array Ultrasonic Testing
(PAUT) and Noncontact Ultrasonic Testing are under application currently, but
they have the weakness that they are not able to detect the flaw along the
shape.

Infrared Thermography Test and Vibration Durability Test are suggested as the
technology that can supplement such weakness. Vibration Durability Test is the
method that measures and analyzes the vibration values the testing object shows
in principle way. Infrared Thermography Test detects the infrared ray radiated
from the testing object as the energy with infrared ray measuring device,
analyzes its temperature distribution with thermogram that is mapped in image
and estimates its internal status
in principle way. Infrared Nondestructive Thermography Test can be classified
into Passive method and Active method in large category. The Passive method is
the general measuring method that detects the infrared energy naturally radiated
from the testing object and Active method is the one that analyzes the infrared

energy that provides the controllable energy and the testing object radiates as

- viii -
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the response without depending on its own amount of infrared ray.
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SHOIZ2IS HEDI01S] FFAN U FEMGH

Jl0f(gear )= & EO22FH 2 =202 SAUS MYol=H AZHs HEXQ
HEE JIHQASEOICH & Mo 2 L A=) 0|2 S0 N2 U2y =
S MYBle JIHRAR S22 =NYE T FA012 H2I IS AR ALE6
0, S2FL0| SAGID £E HIZ LFGH SKS £ A0 S22 MY ZX0A
LANO REOZA, YBHAAE, NSX, SZI|, HE, B sog, A4
H, 2EIH, BHEIH S Ol D202 ARLN, I20s 2ES XNSs D
JINE T3 AIEED on ®ES NI, B XX SOl Yal 018290, ¥2d
3| Mots 8 Mol JUUA Ol 20t &S &= J|o, 0/t M2 =S OUH
(pinion)ol2t sk, (192

Jloje] E8= FEIIN(AH, el J/0f), H®IIo, 6101Z0IS  Jlof, &
JI0f SO2 R CHYstH, B =, DX =, ULR = SO SVS MU=
QA BEOZ, TUHANAMU AN OE HEZSEX S| TSI
AOIO S22 HE5| HIRN HYsls QA0C. %2 B89 Jo2 =28sls
UHORE= J|=O ARIXIN 2B 40| AR ABEOIH B = | DI} =
HRY =0 3 N2 220t Table 3-1 = HERQ JHE 226t0 LIE
W otolct &

0l 0l LIEIY S22 J10i9 MSEE2 HOE 40|l 229 2 &4
S Moo, @

Table 3—-1 Gear types and classification

Classification of gear Type of gear efficiency (%)
Spur Gear
Rack gear
Parallel shaft Internal gear 98.0 — 99.5
Helical gear
Double helical gear
Straight bevel gear
Cross—axis Spiral bevel gear 98.0 — 99.0
Jerol bevel gear
Displaced axis Screw gear 70.0 — 95.0
Cylindrical worm 30.0 — 90.0
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H1 2 J109 &4=4

101 &2t

A2 D009 IE (pitting), Itz=(breakage), ZAIZ2+2l OF2(long-ran
gewear), A

AdE (plastic deformation), A2 (scoring) 2l HIZAAOQl 1}
DOl OF2(destructive wear) S2 HOlol 2lotd ZIFECEH. AGMA(American
Gear Manufactures Association)= ANISI/AGMA 110.04(1980) #AWA ZE Il

£A0| MQIZ [IS Table 3-210 20| CiA JIXl LBHEol 222 22590 &

Table 3-2 The type of gear damage

Wear

Plastic flow

Range of

gear damage Sur face fatigue

Breakeage

Associated gear failure)

2
B2
rlo

o0l 2ot CHAl & JHX gEel2 Lh=C.

Fig. 3-1= IXAST J10) Mol €3 20| ABLEOI ARRHOICH 2
Hole JIE MBI A DA B2 MQIZ HAISICH A 1,23 2 Ot
D(wear) A S =MAOICH P 0= SUZ(oil filmS Hue %
AS HETZ IOl WEX ULCH LA 2 HNE SUS 48 HEz S=25|
W20 SEHO OISRl 40X LD LABKMH0 UOH &6 J|2F SoF =
SECl, ¥9 3 HASE 9 5501 QY SUS M A2 ¥E2 30H ==
St DF2(wear)2t AT 2l(scoring)0l &AMSHCH. JIH= OlMdEC=Z 291 HA Ol
N Rsec= SHsHor st #
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Fig. 3-5 Hybrid CURVIC Gear Hobbing Machine
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Table 3-3 Materials of gear

Creative . Applying heat
Sign Hardness HrC Usage
people treatment
Carbon steel SM45C Standard gear materials
High Large gear
Carbon steel SM45C 50~55 ]
frequency side
CrMo steel SCM415 Carburizing 55~60 Pinion side
High Large gear
CrMo steel SCM440 50~55 ]
frequency side
. Carburizing o ,
NiCrMo steel SNCM415 o 60~65 Pinion side
or nitriding
Fig. 3-72 al0I1E2lE UE HEY JIHS oid2 fIst st0l22lE Il 208 A
TE UEHHAUCH. IS MES2 S(MA152 OI20H M UASB XIS 335mm, SHe
48.8mm, J10{Q =42 20° , A== 1820 JIE LIXE XS 330mm 2 X2 Ol
SH 119.017mm MO 2200, =& A2l 192.5mm, HYUE JIS28 Ol HEIRS
g=2t=2 30° MX=0l 2mm, XIZ=0l 0.8mm, XIM=0l 1.2, W, &S
0.020, BHA=0.020, =&dE £5° O|C}.
Fig. 3-82 CATIAZ 0lZ20otd = HEH 22 € ot0IE2IE JIKH2 Solid Model 2
LIEFH =23 OICH.
— 14 —
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Fig. 3-8 Hybrid Gear Solid Model
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Table 3-4 The structure and specification of gear

Modulus of . Tensile
. .. . Yield strength
Material elasticity elongation ) Stress
9 (N/mm?) 9
(N/mm?) (N/mm?)
HYBRID
GEAR 850 < 10° 16% 1034 1034
(SM45C)

L

Fig. 3-10 Constraints Of Hybrid CURVIC Gears And Static Load

| ThEt BISIZ 2 ASBI0 3101221C i el IS MoMsS &M
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Fig. 3-13 Von—-mises stress distribution

o

Fig. 3-132 ZEdi2 21U SIS SN0 LMIJASH, =IO Von-mises S

2 27.32N/mm’ 22 LIEILE QHEEE 10.137 & O0I0 CS Table 3-52 =l

Table 3-5 Results of displacement and stress

HYBRID GEAR | 1.083 x 10 *mm 97.32 N/mm? 10.137
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Fig. 4-5 Spectral radiance of a blackbody(Planck's law)

Fig. 4-50ld 2% =& 2% 04 IHEO Oel ZADE Eetd s &€ = UL
A (4-8)0IA H BTt & B SAH &5 WA LIEIHE CE0 20,
! 2 -1 -1
W m” pm™ " sr (4-9)

Ly, ,(\,T)= N lexp(ey/AT) —1]

ODIM, C, = 27hct = 3.742 X 10°W « um'/m*, C, = he,/K = 1.439 x10*um x K Ol

ZAMOICH. EMe= SFWE0l

Ch.

AN Azst HIQE 201 =X (blackbody)= 2kEisH

H=Z(0)0|0H BrAtE S8 HZ(0)0ICt. I|2I5I1E= &= (Kirchhoff's law)0ll 2|5t
= JIAIZE 2AN CHoll M8 &9

2 10ICH. At =X

Collection @ chosun



m = m s
m%__gém__ro_+l.
K Nmmﬁm_:o_rr
=R o Mol X A )
Mﬂ:ﬂ%w?%ﬂﬂgefﬂ s T W
—— [ = —_ —_— A ~— —~~ | =T
__oEuLn__IMO____|_=%H_LA_.mm_._I|_\),,A - Y “Hm|o_L_L|.A_| n
_||,.||_|L||_.A:_=L|.... — ol ~ N e L |
Efmmxummg@gmp@ = o MWEO_:___O_O_:FIT 0o
oSm S S o= oo = s T < _ Wou g w o Lo
U O_Emrm O_EUOOEAT(_TA = W rmM_luo% n =
= Hom W < © S a2 M .- G B0 = o Fo= L2
= 0w w0y D . = 0 8 0oy mn % B
= = 3 Ju = 0 0 0l - o RO ol RSN P 0
< R o0 R g W = o M i 0 K SR8 _m
S o S oo mw M mm___ 3 o _ Kog B o 28 =
d%_&%&mmat&m@m oo m___m__inmoamoﬂﬂ.%w
N E oo s 0oR T g h o~ W = W K W D5 R
OEO.__._ ~ o.:Lle._u._ — _ 7 _.u,.AE._ 0 _n.zl_A._H_oml
O_E%log__d____:_ _ﬁEmEW% -3 ﬁ.uuur_no____xojﬁa_i_u
-__raor_rmoﬂ_: =z = 23 VI < - ﬂz____mo)g_l
ok N I — R & rr = ioJ 0l - > =) ol
I_I_Our Y __O.__|J| = = iy o
ramUouEEIM++o_ <3 . - R oei_ga_?_x%nmgog_
= S O = %ﬂﬂé@l_:p% _ = O @ = o =
H+LBW+&§O__DNWHO_E<. > 5 w,%|§w_ns%0mo
%M#amm_@éoggﬂAT&m S w Lom M o L=
o K o= g0 460 11 i o3 o3 10 I SO 5 = W @ 70 B =
@mmemmgj_:mw_ o CR pum_%uo:m(:x_m
m.|% HmMu_EoI_M&AT = - +x¢.Ewmom&uaoM
am_ﬂ._x.owm_._:|L|_l,_xA_._w._H - — O amwu....ALl|5.AUA|ua|
o= RO = 25 m E)mwz._ I © o P [ ©
Mémo)__ S 2a ¥ s® T 7 I H o gm0+mm:_o
s = z M = MmmA_?ML + W= o_:_mo_:__uxm%|og5
JNEoﬂMOTW_mopu(El - o O3 |EO_E+EIIOEOOWM9
Au_uzmwo_.éo ol = < = T W VOIEOMUAomo_
o Y 2 _ _ 3 ok J = s 2 = W 3 W W o
mo:_._.:/ﬂ_]mMmoam._._.ﬂ__.mETu [ox - @LEME....A U.Jar
WS ¥ "D R ol rr < 1gﬂ|o|mxo
= O 1]/ : 3K Ol 0i0 of — O© T K
<3z g4 ol o ol oo %o LW K o) o 5 W Ro= 7
JoAWAmEOL_E+§HM1;(TE N sO__mH_TDI_EMD;_M,
= o Zwa=Y ol R OTFﬂEm%|.m5
L_lemmv._w.k.._c._m_ ...ML.&M_H_I o 1o n_lh_n._x.r_wm__o K oo U &
mMOTM__.aﬂSum__aJ_z 5 20 _zw_ o__Mvo.mom__Lo
H4oHA KO zr = my o 8 of R’ H A o o __gu_l;nﬂﬂminlo_. 10
RO R &92%8%)6 7 =z _ =~ Z ol mgixmoz
E%%ﬁi(_:ﬂ OO = 5 MO — W g
W s R - AU o2 4UO+%HME+I_:
M = (o__m n_NﬁmoD_x:I
w4 T omEE5 S 2o W
i_gnmamlﬂo____ T
MM__A__.WH_OA

- 32 -

Collection @ chosun



HAZ GE 2AS

0

2 SHol o

of et &

S TT

==
Arad,

Jtollcte
|0 0ICt.

tad

2
=

& &

o
I
A
==

Att= 2

ol
il

-

10

0l
HH

= 0.8~0.959 &HEC=Z

HAM(EIE HIEEH)

2,

0.3 Olote
| 2% 0.5~0.9

u

OF
R0
ol
4r
o

0l

=iy

(o)a]

H

110§
<J

o
o0
I

ilo]

2 OtOF
1o U2 HAN

=3 NAHE oAl

LIEHLHE 2

ok

ol

Ao

a2 gt

=
[a—

LHEFLH

ol
Ot

2h At

(25)

ilo]

[

11

Jtolict=

Ct.

ol

ol
AS

pS|
A

29

ilo]

5%
<+
il

7
KF

ol
ol

IH

=
_T_

oI

HUHXIZ

=S
[a—

2 ALE

X 22 H

HIA

}

3 Helstc®

=

2k
BA

& I

=T

|
—

[l

HOANSE e SH0 BEAF &0

i
=]

Jtlcts 2A82
=06l Stefan-Boltzmann Law0il

QN detector 22 H

=252

st

[e]

Al

=529 1A

£ LIEHHA

A
_T_

I

S
=]

LFEFLH QA )

0l
i00

Scanner

Object

Radiation emitted

by the lens

Atmosphere

Radiation emitted

by the atmosphere

Radiation emitted

by the object

Radiation emitted by the

scanner

Radiation emitted by the surroundings

and reflected in the object

Fig. 4-6 Radiation contributions to the general measurement situation

_33_

Collection @ chosun



D19 SH LAS0 YBS 0K 2HS A0 =MWss

X9 CAIIO Ol 2402 TAIKICl © D

X, = T TEHOIA ZHAFE SEAIOI XIS CHOIOI oI8t 20449l

OIF SAFILAKIZ ZTHBICH DA ZAIIUK ZEs EMGHK s S
[ez] A

lo
0z
>
e
[y
=,
ik
2
°
Gy
ol
0
H AC

JI0IA 2 B &2 HIALMISl AL,
WS UOI0AS ZALS LIEHE D ACH

I

m

=I(T,,;) <Txe+7(1—¢)x<IT,,,)+ (1 —7)<IT,,,) (4-12)

_34_

Collection @ chosun



i)l

-t

0

-t

wo

-t

<0
o

H 2 2 Hd &

H(Passive method)

=]

=]

¢S]

JJ
=

ny
T

H0
Jlo

UL,

oz 3N PR 4

Bt (Active method)

=%
= JrgolLt &

Jio

}

ni

DION

SO0l <l &

ioll
%0
K

H (Passive method)

—_

IF

O
<0

RO
KIr

JIE2 Fig. 4-710 £0] JtE0ILt =01 HSEX &1

A
4=

M SAHOA

X al
So =

2 4oy

K

ol

Image processing
Power supply

g

Fig. 4-7 Passive method (jenoptik ag)

IR camera
— 35 —

IR radiation

Specimen
Defect
Collection @ chosun



Rr

OH&

N AlE

OIUXI(EH) Q2 HSHS2Z2 A

2|01 M OF BtCH.

O
J

©
il
0
o
&
3
rr

0l

fill

Ju
1}
x
jild

Held HUHXE =356tH

Rr

XN 2FM 0|
OO T

B R=pripsd

=X
/] O

=

H (Active method)

Rr

4-81+ &0l

Fig.

o
ju—

A1 (Active method)

0|
0l

At

UIEPN

SAIE

o]

olcd

JI'HO0ICt.

A oth=

191 Atete Held HUXIE SE6H =2

& ALK

, el "800 e

= A
,y ST

FCZ
-

2
(=]

KIr

H
0l

gl

D

Kk
o

-

10

gl

o

H

0Ky
0l

J)

=

Ju
0l

fill

A
=]

b

i0J

Gl ol

ot Mol Yo e 2F=2 UE = U=

==
o TT

=
ju—

Kol SA SF0l M

£ =alo

HO0ILt &5=2 ON/OFF

o

=] =3]

scl=

i
Uk
KJ

)

U
()

o3

es =0t U

%20

off XI Kl

201 Jt

e &d

283

HHEO OIAl

o)

0|},

_36_

Collection @ chosun



Image processing
Power supply

s

Control

IR camera

,\.;\A\.#,

7[

IR radiation

Fig. 4-8 Active method (jenoptik ag)

Specimen

Defect

Flash lamp/
Radiator

id T T AWML S 6 oW R 2

A S p R o &Y o4y ”

Rr o3 N o S WM LR o= oer
|¢_.D._a.rm._|._L|B Ok

_m mwM._MWo._EmOe: Ju

S W

3 Sawe w3 L=

S - R S A X2

- _ N =

R <0 o4 NR ogoa M=

a um = 28z WA=

M of o SR ama S

. E oz PRuBlwa 4

= wmyamy R g R

% 8 > 00 =l Rou H_oT,.ll_W.__H.Jlﬁ_|.___o_=o|_

(G - |nnu. < 0 = o w5l ] _n__mm._ H
o S © = vd oo X g

] o3 5 o 5o oo S H

H U S S ulo S < g R

Sl B g O A o@® o Ubol g 3

Il oL 2 S U= R T
—t— —_ O o

= 3 % @ EE&QEW%E%AE

s & ® = o] 2 g U m < . = oAy

il 5 8 B0 g Ry o O

%0 % 20 DKoy ez RS WM

S Wool Sl mmﬁémm___aa_eﬂ@i%

= ~ R il HuOéHmem____Eﬂo____g
D — e = 5 =

= W g T MEOI,%EMWMDE:M&

= o5 & IR @ o (TR

i} o T Sa R W< =5 E )

= 0 © R - _, W g _ o™ S 5
S > o 2 o E =

r 2= 3 REgr @ B2 A B

=K 1l Wmdad o oW xo

ol R 2 NHY 2 WS o Ao

o T 0 ROgo= S oo & Jy ooy Nogr

S 3l NS WBXoS A6 MH<RAS

_37_

Collection @ chosun



I 22 SEZTO AIHE EH6H/\-IE 4nsQl JI2t=S
_‘

=4 meolct.’

Stimulation:
Heat Pulse

‘ IR—Camera

Flash- | ‘ f d‘ Flash-
lamp | lamp Computer
i
)

e Yy Y Y Yy ! >
RN

Part detected defects

Fig. 4-9 Pulse thermography (PT, automationtechnology)
L. EA HOIX MAM L3AH(Pulse Phase Thermography (PPT))
A HOIEXE &AM oAty HA MM H5hal
AECH ZAMMO O 28 AlI2E IUXIS 2Atet] Zelol(Fourier) HEts S5t

HOIEHE 246t &

Fourier, = E 27” no D=/ o R(f) + jI(f),

PPTS &&= Z&etH &It 8

GIUXIE et &0t Zgst 2

_38_

Collection @ chosun



o B Al = K & o3 AU = S oo WM xE M=
7 0 © - T REORH DD 20X . A
o7 s " ox N AR y mowma g o0
s = — o < N - 5 O
W < 3 —~ S = oy W ol — s _
s s = ¢ 5 romowm s g
n = 7 [ Q o0 O = RIS KIH 3 o)
=" 58 o =gl o} B ORI g oo
= - KR SRR
ol m_.JE 3 _ — X0 E__r__ 3. . .A|o _ Pﬁwn A0 ol _|
= ) el © oF O g % 5 © = 2
r _ & 2 > B O = s W KX
<z © 3 8k = W_ T = S o -3 205
= M g o O @ B YK S o K
AU < = = W <2y AN
Al e = < o = W . o B o) B
e R T g o M 37 T B TR
Box o o S W a w TR s g WP o
S <N W = = o o m _ W oy f0° S g S
N o KoKy o K o5 5 g 5 3
S - < A 2 Bl Wr ol 3 5 oW oL, - £
K ] = = H = o3 3 o) 1o Ml ol @
0 6 = c Afﬂwmﬁ# < 3 S B 2
T .3 5 i IRE . 2 - o k3
< & 2 X ﬂgaom______oe AR | =
Sz = K| 8 A ! R o = RO =
HHH_ - T — —J ok HD @.o HLﬂ L S5 IO __A_.:._ ,Ao
U S — z [ 5 = 5 A B~
e RAdg I Wl oo m T R I
T &g iof L ] Son W o ®
X
S = =z 3 O i 3l 70 = I i ” w_w W B A gy
= = L = X oo
o3 T o3 7 I @ X ol A|_. o =[) A|o RM =
Afmwmm?_ ol }roﬁ_ﬁﬂoz_mm___ Mmo___mo_j_;._A_w
K- HAETS) 7 - = X K 16 - o 0l
auom o N ROR0H iz A 50
s = o =< g op CUET e 30
% =) S o =0 Wo Em o - I mo B0 <0
S W%l RMOED Y <0 o R S T 5 K = OF
w2 ow o  OF 3T Wy - = &g MG
m._ I[e) = _.=_:._ D - M .—_.J_.O m_u O_ |__._
ST ) Tr 2z N A2 - Ok
L N RSN of <4 or ol = S o ol X 82 S

LIEHH Z30ICH.

=

=

S
S

1cl0l S1RH 4

MS X
53
54_

5101 HIAMTIOIR 2 k.
o] &
_ 39 _

[9)

o

Ab
( = arctan

g3t

_|

l

B S40 2
2

=

-
S
—/

Helel S

PRI

%I\
Collection @ chosun



Lr

Frame rate : T/4

S52

53

54

Z Integration time

(a) Loading
signal

(b) Time pattemnm
of IR camera

(C) Thermal wave
at pixel
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Table 5-1 FLIR T640 Specifications

List

specification

IR resolution

640 x 480pixel

Temperature range

-40C ~ 150C, 100C ~ 650C, 300C ~ 2,000C

Thermal sensitivity/NETD

40mK @+30°C

Zoom

1-8x continuous, digital zoom, including panning

Focus

Automatic (one shot) or manual

Data communication interfaces

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

Size (L x W x H)

143 x 195 x 95mm

Weight

1.3kg
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(b) After cooling, the thermal image of the test hybrid CURVIC gear Image

Fig. 6-7 image of the after cooling thermography tes comparison
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