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ABSTRACT

As gas turbines for power generation become increasingly more important for high capacity and high
efficiency, the technological development and investment of companies are increasing globally. Gas turbine
manufacturing technology is only owned by a few companies such as GE, Siemens, and MHI, and our country
currently depends on imports of processing technology and component parts. The core part of the gas turbine is
curvic coupling tooth processing technology that improves turbine efficiency by smoothly transmitting power to
the turbine rotor. Curvic coupling tooth machining and evaluation research is restricted overseas, and it is not
underway in Korea. Therefore, in this study, roughing and finishing process technology for curvic coupling tooth
machining is developed and a quantitative evaluation method is proposed. For the development of machining
technology, the analysis of critical parameters was performed through C & E analysis. In the roughing process,
the conditions considering the minimum machining time and tool load ratio were determined. Finishing process
conditions were determined based on the contact ratio between the tooth surfaces. The image-processing method
is presented for evaluation of the contact ratio and a verification test was performed.
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Fig. 1 Schematic diagram of gas turbine

& AHso sHS A Qg FHoE A
L5+ 7IA8AHFo)M Curvic coupling 7F2~E]
Hlol] H g5 Folg FFo|nt

7h-ERIZEHE 92% 59 dES 93 24 =H
o 180719 ©]& 7} Curvic couplings AH&3}al
ATH,

o]2]gt Curvic coupling *| &2 _-_—.(Concave)JJr =
E(Convex) HFOoE o]Fojx HEAL A TFo
2X YREHRl o]df HlE] TY L] &) -
@:APQ(H 0]]:]i8]

7122] Curvic coupling ¥ 7}&2 AAAJ &
A Azt FYEo] IdA gforn & b
o] Ade &St FEHIL

oﬁ
2 2
R
Y
‘s

A FAe 3o F8 BrARE @%—%(Contact
ratio)> A4 9 At gl W&l 7tE &
FHA ddez FE A olFoAA U=
dReltt. o7t o= AlF Atk &l W

F20) A4 = AohEA Ak

£ =FdAe 7F=EYIZES Curvic coupling X
Hee 9 AAN A FAzAe Ss
o]E nlgo 2 71ZHE X3 AL AHHPHOo
A £ g 2SS = WS AA skt
=g

@b

2. AEAE

Curvic coupling A &71-g2] AAZHA A4 AY&
7] Al WA "l fold FF

Ae YEHFE Fofsta O HEEo] A
dul} FFE PX=XE 15t Fig 29 22
C&E diagram< 2433kt

Quality. Environment Worker’s skill

.. Contact
condifion a0t

Air
temperature

Grinding

Defect experience

temperature! Skill

Machining

Cutting oil
depth g

- Understanding
temperature

Loss cost Contact shape

condition

Wheel - * Dressing time
Concave

Tool Spindle speed

Feed rate -,
- Step feeding

- Convex = Cutting discharge

Shape Process

Fig. 2 C&E diagram for curvic coupling tooth

AFS A
Curvic coupling X8| 7}gAY HEES 534
Gz Pon e 1><1s fele B4, 84,
zhela), e, FAos BRI

13 89 BRE B3 ATAN AT FAe
2 gue mAE Aguue Agsgon
o] % Spindle speed, Feed rate, Dressing time, Step
feedE @9 AofAAZ A AT

m:y‘\_i]_o_ _‘::o]_‘: 7—]0] E;@lo]ui

3.1 AEEH

Fig. 32 2929 Maegrle ] Curvic coupling |
¥ A& 7k ARE dEpd Zelth Curvie full
depth= 10mm®]1L Spindle speed max. 2100rpmo.Z
T =] Q0™ Indexing table (mm)< Max. D2500

Fig. 3 Special curvic coupling machine



Curvic Coupling Tooth 7+&-o] d2F 23 A4 9 7Hgd Hrtel A A5 : S=71AVFSEE A A174, A3z

32 AEHAIH Y AHST

Fig 4% Aol AH8d Al A2beEs Uehd
Zolth, AL sM45Ce]™ Alo]ZE 217 1007mm,
W7 957.5mm, 7 350mmo]t}.

FTTE Curvic A HE 7Mg £EQ dAdsE
(93880  HISVP6OIW)ol™ &7 350mm, W7
290mm, 7 120mm %) Convex FAS A&}
o Ag AAEEL 1 1AE Gy ¢
AR FAE] o kAo shFol glo] ¢
g A2E 7HAE Ao T

3.3 Ay

Fig. 5 £ Curvic coupling X3¢ A& Jehd
Itk 7HERHlE Al IAEHE HolEF
xEo] ArEE 2WEZ FAHAJY. oju =
E2 153 E 3t ZF oS Bl 2y A ¥
< BAC 7FEsHAl =W Fig 69 AFES d4A
=

Fig. 4 Specimen and grinding wheel of curvic
coupling tooth

Spindle
motor = Grinding wheel

Grinding

wheel

\— Cutting oil

rg——

X
£ & &= T N O

Rough machining Fine machining

Fig. 5 Processing method of curvic coupling tooth

Fig. 6 Two types of curvic coupling tooth with
convex and concave shape

Resolution determination

Confirmation selected pixels

Fig. 7 Image processing for contact ratio

Curvic coupling X8 712 Aubael A2tz o
NN BT Ao o) Foin). Fate] 7
o aejeld Hel grezo] 4002 WAERL A3
Yo Qs 13 Zol7t Aold42 AARa}
ksl sheel @l Aok AES) AHEA

A g3 WE AT 7 5 e 3AREA
st Aol Fasith Fake AFY F
A3t Curvic coupling X% 3te] &9 &9
2 3 FHS YA THEele HEE
A= Aol FL23ltl Curvie coupling X¥
2 Al 6mm, A2F Al 0.5mmE gk F dA Z
o] 6.5mmE RIZ3]oFgitt.

Spindle speed, Feed rate, Dressing, Step feed UA}
of thall 7}FARE AFe] FHo| FFE WA=
QA8 FES ot AgS T3 vl 7R e
A7y eEo] Falo vxle 34 20 Z1ls)
At

Fig. 72 A4 & AFY FEE& SAHs= BEE
SAMHE Uepd Aotk 71E9 HAEE F8L2
Convex X @ H-& A°FS E23}3 Concave 2|3
o] H&FAIZl & Concave X|¥ ZHo| &2 Alke]

-89 —



5, 29d, AR, A, Aen, 29 F2I|AVESEH A A7, A3E
s Ao R AAEHEH B =X E AEFH o] FAe s Zolrt EEsE FFHE Ut
HFE WA Concave X ol &2 AlekES Ho|xZ F=3re] HEHo] FUEHA FHo A T
2 QAT F o|wAE FFsta HA AAT Aok of ge Ralyl AeA "ok Tl zhzhe %
o] AFH WAL HES ALt HEFE dHolH RIEE Step feed Z°] 0.5mm, 1mm, 2mm, 3mmE
& T UERH Zolt} Step feed Z°] 2mme}t 3mme= A2}¢

4. Algldat 2 nFE

4.1 NIt &3

Fig. 8 Feed rate3} Dressing 3|50l W& Curvic
coupling X|¥e] 7}F AIZbE Uepd ejazo|th
Feed rate”’} 57183l Dressing 347 $&4% 7}
A A 11.5h ZasteE A9E BT 53
Dressing 3 <=l Y3l Feed rate”} 7} At &
c}:o H Xt AR Feed rate] EoHETH 2E
ot EgE FUISIER AF FHl| odEs
t&0] o] AAA Hok webA A
SATIHEA AFe FHo HATY FFS
Z21E& Fotsjorgth. &2t ThEAlA T
L Dressing 3|4+ RTh= Feed rate2] 4
o] Athe AAE ISk

Fig. 9= Feed rate 6 mm/min, Dressing 29 7}
oA Spindle speedol] W& At A2QFEH-E EL
W TJjzeltk Curvic X8 7HEA TERIY 29
5 9 FEo] AFEE A A8FEH-2 8kwol
o AA 285Ee A Fo TAEE A
Power(%) S AZAZH35kW)oll g MEEZ ALt
st Uehd AFE Vo2 A A8 Aol
ot

1500rppm¥}  1600rpmoll A= A4t &QF o] 74z}
9.05kWe} 10.85kW= 1EjR1Y &9 mh<=o] g
T e AFAE AAJI 1400rpmoll M= 7.5kWe] <A
2 A8 FHo]l S AR A JHFo] o] F
oAMTh mwetA TFEANE HLisleta aERkld
o] uEHA d= FHHY 2 23S Spindle
speed 1400rpm, Feed rate 6mm/min, Dressing 23]
= ¢ F Uk

Fig. 10 Spindle speed 1400rpm, Feed rate
6mm/min, Dressing 24 W Step feed ZoJol W&
A2 A2 F5HE YeRA Ao|t) Curvic coupling A

off

ml

|
il

m[o

lEr_.\LEL

r..\LﬁnJIOE
l&r]rr_“i:l

rlo

28%¥o] 77kWe 735kW X T2 F =744
Hlsle] ATjHog Ho RIS
Atk F37F B2 2AdAME AFe FHo] A3}
Hi F79 FHE DEAZA "o ", Step
feed Z°] 0.5mm$} ImmollA = 63kWel 5.95kWe]
A2t 20580l SAHFNCH HAiHoR vl
Ago] @& oty 7 oA AFY THEA
7t g JHE3SE 1EEAEw Step feed Hole
Imm7} & =zA

Az

20

—Ml— Dressing 2
—@— Dressing 3
—a&— Dressing 4 |

15

Feed rate (mm/min)

=]

Fig. Machining time according to feed rate and

dressing

12

T
| { —@— Feed rate 6 mm/min, Dressing 2 !

2
o

4]

o

Power (kW)

2
1400 1500

Spindle speed (RPM)

1600

Fig. 9 Machining power according to spindle speed



haf

Curvic Coupling Tooth 7+&-9] A2t 23 AA 9 7Fgd Hrtel B A : I=71A7HS3A A7d, A3s

10 : ! :
—— 0.5 mm —Izl— 1 mm .
9 —E— 2mm —— 3mm |+
Tool Fracture ;
8 -
3
g . ]
g
g 6 Eﬁ‘/
5
4
1 2 3

Step feed (mm)
Fig. 10 Machining power according to step feeding
depth

42 EA7ls 43t
Curvic coupling A& HFEL B VMg =4
Z Step feed Zlololl 93] AAHATE AH2He] Step
feed Zo]= 0.005mm, 0.0lmm, 0.03mm, 0.05mm<]
47Fo 2 AASIPI At AF FHdA A=
Spindle speed 1400rpm, Feed rate 6mm/min¥} ©]E5
71¥o2 T=Z% 1400rpm, Feed rate 2mm/min
7HA 9] AxzAe R Ads FHsIATE ArHE
o] ¢kmE AlEE A& 0°, 90° 180°, 270°9] Ul
@A AAHE AFTE F olvA Z2ANE F
& HEES AFHoE SHs AT

Fig. 112 A2} ZloJo] mE AF2az7e] HEHFES
Uehd  Tei=olty. 1 1F2  Spindle  speed
1400rpm, Feed rate 2mm/min®]™ Il ZL&H-2 Spindle
speed 1400rpm, Feed rate 6mm/minEs UERH ZH o]
ok IaFelA A2 Zel7b 0.05mmet 0.03mm<l
739 1807119 A&¥ F Alefo] EojuteA] ¥e A
o] wo] ZAHEATE Step feed Z©] 0.0lmme}
0.005mm¢<! 735Ol A= A2 2%, 58%7F SHE U
ot

WA | OFe 24 1FC v e HEE
o] EAHerm Hakzlol  0.05mm, 0.03mm,
0.0lmmQ! 7ol 22+ 39%, 46%, 59%2] FHEEo|
SAHAIL 0.005mmoll A Ho 84%°] HEEe
A= AT) Curvic coupling X8 71&2] H7}
2 HEFEO| 75% ool Holof d¥o=w ¥
A =Hw Ex G2 zlo]Rl 0.5mm 7HE7HA]

==
L
il

Brorl N
% o

<

140 T T T T
—H- 0.05 —0O- 0.05
120 I —@— 0.03 I —O— 0.03 H
—A— 0.01 —=A— 0.01
100 —w- 0.005 -v- 0.005 |
9
6 SO=mesomnaisanaas sl
©
5 60
g ———
R !
S 4 s —
o : i S— |
20 b & ; —J
oli i i i
0 90 180 270
L

Measuring position (6) -

Fig. 11 Contact ratio according to depth of cut

T 7HE 3 2 NS 1339E W Step feed
Zlo] 0.005mm7t Hz 7FE 3¢ D Azlo] 285
E HZ& Step feed Zo|2 FEHCTE o] nigO
Z FHZAo A2 272 Spindle 1400rpm, Feed rate
2mm/min, Step feed Z©] 0.005mm = & 4

54 B

2 AFE B3 di@rtzEnle] VAL RE F
Curvic coupling X&S A|&st=d] o A2t F4
o 2 g A hE 20E FHE
Z2EE Q93A o Zrh

(1) 32PEEelA Ja9lY 2o dhsso] WHAYshR]|
R TFEANE HAaFSE 2O E Spindle
speed 1400rpm, Feed rate 6mm/min, Dressing 23],
Step feed Z°] Imm®] FAHZAE =3 oH
o 11.5hE S5A1E 5 AU

2) A27Fgoll A Spindle speed 1400rpm, Feed rate
2mm/min, Step feed Z©] 0.005mm ZZS.Z Curvic
coupling X2l HEES 75% °ldo=Z IS

AN,

S|



HA5E, AW, 239, A9, aen, 294 /AR A7, A3s
B AFE Bl ¢ AA dFZAA Curvic Curvic Coupling of Machine Tools and Inspection
coupling X & 7Hg3t=d o] & 59 4 Device," Journal of Korean Society for Precision

S FABHAA ZIEAZE G5 wE Y 3

o] Z]the .

7

ot

"BoAdfes AU|EAHRFTAE 2 JRFAVER
SAIE 9 Grand CTETAEAGAAS] dATFZEA=E
28 ¥ 918" (IITP-2018-2016-0-00318)

REFERENCES

1. Pisani, S. R. and Rencis, J. J., "Investigating
CURVIC by
two-and-three-dimensional  boundary

coupling  behavior utilizing

and finite
element with
Boundary Elements, Vol. 24, No. 3, pp. 271-275,
2000.

2. Jiang, X., Zhu, Y., Hong, J., Chen, X. and Zhan,
Y,

of bolt in curvic coupling subjected to transverse

methods," Engineering Analysis

"Investigation into the loosening mechanism

loaing," Engineering Faulure Analysis, Vol. 32,
pp. 360-373, 2013.
3. Huang, K., Xiong, Y., Wang, T. and Chen, Q.
the of

high-contact-ratio spur gears influenced by surface

"Reseach  on dynamic  response
roughness under EHL condition," Applied Surface
Science, Vol. 392, pp. 8-18, 2017.

4. Lee, G. I. and Kim, J. Y.,

Reliability of Large Hybrid Curvic Gear Using

"Evaluation of

Thermography," Journal of the Korean Society of
Manufacturing Process Engineers, Vol.16. No.3,
pp. 146-152, 2017.

5. Tsai, Y. C. and Hsu, W. Y., "A Study on the
CAD/CAM of Curvic Couplings," ASME Turbo
Expo 2002 : Power for Land, Sea, and Air, Vol.
3, pp. 1157-1162, 2002.

6. Park, D. K, Lee, C. M. and Kim, J. W,
"Development of Manufacturing Process for a

Engineering, Vol. 25. No. 5, pp. 28-33, 2008.

7. Kim, C. S., Jeong, H. H., Lee, D. H., Lee, D.
H. and Choi, H. O., "A study of Structure
Analysis modeling
Experiment and Theory," Proceedings of KSPE
2008 Spring Conference, pp. 823-824. 2008.

8. Choi, J. H, Kim, C. S. and Cho, S. Y, "A
Study on the Relationship between the Cutting
Force and the Critical Ejecting Distance of Disk

of Curvic Coupling by

for a Mill Turret," Journal of the Korean Society
of Manufacturing Process Engineers, Vol. 12, No.
1, pp. 110-116, 2013.

9. Lee, H. J.,, Kang, N. S,, Jeon, Y. G., Kim, K.
H., Kim, H. G. and Kim, J. Y., "A Case Study
of Six Sigma Project for Improving Measurement
Method of Skin Elasticity," Korean Journal of
Oriental Medicine, Vol. 16. No3, pp. 135-140,
2010.

10. Lee, J. H., Song, H. W. and Kim, J. Y., "A
Study on Quality Control and Measurement for
Acquisition of Dynamic Friction Coefficient on
Back-hand Skin," Korean Journal of Oriental
Medicine, Vol. 14. No. 3, pp. 103-111, 2008.

11. An, I. H., Hur, N. S,, Lee, I. B. and Lyu, S.
K., "A Study on Effect of the Grinding
SCM420H Planetary Gear," Journal of the Korean
Society of Manufacturing Process Engineers, Vol.
11. No. 5, pp. 54-59, 2012.

12. Kim, L. S., Kim, J. M., Choi, C., Liang, L. J.
and Lyu, S. K., "Study on the Teeth Grinding
Condition of SCM415H Gears," Journal of the
Korean  Society of Manufacturing
Engineers, Vol. 14. No. 2, pp. 19-24, 2015.

in

Process





