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Advanced Design and Validation of
Gas Turbine Blade Tip Clearance Control Systems Part I :
Design and Single Rig Test
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ABSTRACT

The number of companies capable of manufacturing large gas turbines for power generation is limited to five globally due
to the high technical requirements and complexity involved. Large gas turbines operate at high temperatures and pressures,
subjecting turbine components to extreme thermal and mechanical stress. The development of these turbines involves significant
research in new materials, performance testing under high-temperature and high-pressure conditions, and design optimization to
enhance efficiency. The tip clearance between the turbine blade and the stator affects the efficiency of the gas turbine, as gas
leakage through this gap can reduce performance. Various techniques have been developed to optimize tip clearance, typically
involving cooling mechanisms. This paper introduces two advanced turbine tip clearance control systems developed by Doosan
Enerbility to improve gas turbine performance. One system controls the tip clearance using a screw pitch structure, while the
other uses air pressure piston to control the tip clearance. The performance and reliability of these systems were validated
through single rig tests, and the most suitable materials and types were selected based on the test results. The selected system
will undergo further verification in full rig tests. Part I of this study covers the design concepts and single rig test results

of the two systems, while Part II will discuss the full rig test results and further improvements.

1. M E HAakskar gt 53], 23 Alo|Z(Combined Cycle) ¥,
&3} 94 (Combined Heat and Power) 181 Hg 3|4
Aol wbd, dlo|gAlE(AD A4, Ad/45 & A HY2(Heat Recovery Steam Generator, HRSG)= 7}~

71ste] ggros AAMOR AY Sart W SER 27 e wrlrka B HoS sk Beate] 271Kl A
aho whet A2l go] AdAQ) WAAE I HAEL QL sle} 2 Ao M, ofuin ELS Jrjsksis B0

o}, olefat AFolIA] 2B (Gas Turbine) & A4S A B4 o] HS AT,
T, 0 HRA, AT AR A el WA ANl B AAENe dRs dsdA TR e 19| AR
Aok 5 ofe] AHOR Qs FEon, Fo WHACE  olgato] ENIS FANTIL, ofF Fof HAL PAH: A

%

Ao 2] €] (Doosan Enerbility)
T WAIA AL E-mail : minjul, moon@doosan, com

The KSFM Journal of Fluid Machinery: Vol. 29, No. 1, February 2026, pp.79~89(Received 08 Jul. 2025; revised 04 Nov. 2025; accepted for publication 04 Nov. 2025)
SRRV IHER] =28 M29d, M5, pp.79~89, 2026(=2& =X} 2025.07.08, =24-AUAE 2025.11.04, MAIAZ UL 2025.11.04.) 79



QAaslol4 ARE

E¢|0|=(Turbine Blade)Z

SR S
Z

il

Byl Sdol e} 1A AH(Stator) Abo]efl
Clearance)o] HAET} § 7H4E Byl Bdlo|=o] £ 34
(Tip) 7 Tke] W5 W Atole] Azl ofmlshad], |
ZFo] A 4% ooz AXW HYl Belo|=g 3aA
714 F3ha WAL dahae] ofo] Z7bske] Eul
29 W fgo] skl Bk Wiz, | 7ol 4%
ofatz Zobx W, Belo|=7} Aol HEsto] nhzt
WA 5 e webd, e $AE
e AR A EHe) BT of
o

€]
133 o] glek, ool ZEAEHl XY of= 7k~

\
M

ks
©

oo X B4

s

NoE oox
o &
o
r\l
5

240 Aol ket 1S Alolat 4 S A4S )
1Atk Andreoli £%98 931 Q 43)4](Finite Element
Analysis)< &l ERl &do|= § =3 4] WE H
H] Ao] o3k BAET} Imparato(G)—E TCC(Turbine
Casing Cooling)S AV|5}al §3tQ A4S o] 83H E/7]
AR A& eagste] gofl ol ISk BRI Alo] 4] <] H
A4S dTstgen, Gou 572 g7 7hAEE A
o] g =& T2z Aofsl] sl AlLE] o7 [EAE 7
HHapte AR A A At

HL o 12

AR LG o 7EE Rl ARt AR A AlAA
o2 538 JAZE Ak o5 dAle A7 7lsgew 7t
2HH10) J5S HAE] QIRE 7AERL | S Ao} Al
do] Aol kS Adsitct. 150 Mitsubishi Heavy
Industries= Advanced Blade Ring System<& Z]-83t 7}A
Bl M701G2E 278l T Al7tol ) gakxs 74
EAS BASIYTY. ol WiEE EFolAE J series 7

2ERI M501J 3} s 7hEfRlol 28 EHl k= A|o] A]

80

- ST E - 0|2 ESHH2)|

2~H] Enhanced Air—Cooled System2 4718t cHi12]. &
Ak AlAIA] AR W8 Ty ZFAE R =27l A
33 Aloloh, Gt A AP g oy 7EAEY] DGT-
300H= thtA Alol7h 7hs3k REE Edflo|= 1= ot A
0]Z}](Doosan Optimized Clearance Control System)E 2

SR,
oY FE7] W WAL AHAE AR Bl 1
2 Aofsh A28 Agle] Agste] Azle] AT A
ol FhiEul AZALY] a3t THA

S
=
s JAdstaL glew,

2 TpolA L ik, ZRAEul Aol thopet 7] 3
BE 93t AT, LS HaAste] T 8L mRksHe Bk

& st AT, w5, Toh wEd S8d &
=& &9 X B 50} AQubA o] o|ulA|SkaL QJrie

g 9]
A= g oy kel A& 7t 5EA
B "l 7= Ao A|~H](Doosan Active Clearance Control
System, DACC)E Wgste] 5315 St ™™

2 AtollM = BAtellA HERE = ZEx] ] BRI 2k A
o] AAEIRI A3F7A BRIl 7= Alo] A|AH(Screw Type
Turbine Clearance Control System)¥} 3%¢4] gHl 7+
Ao] AlAEl(Pneumatic Type Turbine Clearance Control
System)S 275k, Part [ 2} Part 12 o] Argsict
2 =rolAe 2374 2S94 gl 7= Alof A|AF 9]
Ada @ 271 AR (Single Rig Test) 9] W82 thatth
9 g AldS Bl AlLFY] 27 Aes HShL, Al
A AE 7o m 7P At el 8S Akl
el A2g2 AA 212 Al (Full Rig Test) th/de] &
, AA 2 AT 8 5 =8l Part 1T o4 A
o}, £ AGE Bl BNl 1 Alo] AlA"E] et A1F
bz, 2A9o] HAAE =&kt

ox i H i o

o
jancy
olN

Ol

k

N
m
re
ru
Ju

Mol A& JHE

23 ®o| AAY T

T
-

Helshe 229t rEol
2 AlES 7RERD dRe] 3t

S7hel=s AAlENer, &
Yool ot s)7dxtel A} 7o) 2HdS ’Alske] 24 ¢



FRAEIEI Z20IS B 23 HOf AIAY A U HZ Part |

43e BASICE ZhAER Qe A E 2 (Steady—
State Conditions)> dlFlo] YAgE 4 27ofA HE=
o7 Agsh= AEE Qudity, A dE 204 Yl
g =g Faslete] A4 7kA9] oyAE H gk 347
of A 4= A 3t Eyle] 843 &9 Ak

ZER] AlRle] ZF AL 2t 19F A MY
At 71 g F71E SR ojof gt wheba] Ut 2

LS =2 F’q
Hl 7= Alo] A"l Bl Aol 4ol A2tE o 2= 7t

g

BRI Zh= Alo] A|2Hl9] A8 7Hsde westy] flsiAl
A Al Al ARE A, AlERskaL = TA 9 AE
Foy5leh Fig, 12 AlE 7Y 3525 dehlH, A&
Nk A= AJZE 712 9 7 A7 (Basic & Concept
Design), @74 27] A (Operation Scheme Design), AMA]
7 (Detailed Design), A|Z(Manufacture), @ 21 A
A, AA G2 A, SRR Y 2 AlEF AlEe Al
A BA = AR AHA skl en, BHl I Ao} Al
2dle Zs Yol weh 2374 (Screw Type) Tt 34
(Pneumatic Type) 9] = 7H| @2z A=t T &
T Ao A= ARl 2Hs 24 2 Fat ] ek

oL AE P AFSIO, A AnE vlmstel 7y

1o o oft

| Concept & Basic Design |

|

| Operation Scheme Design |

|

| Detailed Design & Manufacture

. No

Single Rig Test !

Yes

Fig. 1 Flowchart of DACC development

S=ERHMDIHSE =28 29, 13, 2026

3. HEl Zt5 W0 A|AH =H

=
]
Ju
=
"
Pl
[>
1124
H
ne
o

3.1 A3FEA H

Wiz Qlek 2 532 EEl Aol o)l HAE Hip g2
£ A zZH Aol Uil AabE &3} 4 (Pusher)
£ 3HsHA st olet AtE o] Qe 237 FAl(Screw
Bush) @] WAL 2 @A4dol| olslf & AL E(Ring Segment)
£ W Weko g SAY 4 xS AAESIE E3E Aol
I AZHE FA(Segment Member) Afolo]] Ed2S 2-8-5}
= ebA] E9] AX|(Elastic Restoration Component)7} 41 2| &
ik, o] AL 3 ATUES W W 9xow el
k= B Alwsh, @Jgo] sl wet | AAvES

S

2

T A SR Beshe AT St oloh g A
AZ 53 E¥ Beol=ot & AIIHE Ao]o] 7L Alof
o 4 9lrk

225 B AL s1Ee] Zel tet w2
W 8L o] upe] M 4 Gtk o] I3t AE

1o 1%

L4 WA S8, o SFSIE R FEuol 2
o] 0.2mm oJ4), HRC 49.1 ol¢] ERZspE St
E AA7) 0.4 ofS1E AABKI, B4, 23] HdS 5
o TSR vk REe) vhw Aeel wel A7) 88 A 4
A g3t BAF A 3 WA AN AAE Stk

Elastic
Restoration
Component

RN e s

Segment
Member

~+ Shaft
[~ Screw Bush

Pusher

Fig. 2 Sectional view of screw type turbine clearance control

system



o|

1% - BRI -

Ho
ol
ol

=

A28 ARl Eul Aol YiRe] merkaTt ofna
REEE AL W] 913t A A(C-Seal) S B Ho]4)

3} of 2E(Upper Rod) Aolo] A|sto] & A3tE %
A3k % AR Fig. B).

2254 BNl 75 Alo] A2TE ofoole] P Fxo]
ofal 19k AAH HAfo] RUsHA WL Ashe] 8ol A

_%
RS j=4
TRE BAS ABHOR Aojd 4 9k ol Utk 7

Ak, A7) B ek wEt 28 ololel Yol 20
S BT B} o8 AXSHE AA 7k AH2E 9
s F7kw AR Eofof Fe.

3.2 ZRHA EfHI 23 Hof AAH BH

Fofoleish URIE Afole] o] FHELL Bl
groz ols) A, ofHRs Tl HIHEL W
O1ESPA H, ol alal eyl Heol=9t
ATRE A Aol Z1To] Folgol 7t ag A4t
LB A 99 A
ol =] e
el 45 3]

we} 2 A

N
10
s
(o
[>
I3
ot
Mo
Prll
dr g
Ay

il
N
o
Le
st
i)
g
2
o
o

H
)
>

o,

do e
lo rlo

il

g

N
OII
e
1
2
2
e
o,
g\l
B

i’.

U

dr ot
4 :
>
N
N
2 |
o of
o
¥

N

Y

lo

il
il

AN
1o
ok ok

im
o dr Ho
=2
=2
o M
o
il
in
SRS
T
et
o |y -

o
l
=
i
)

-z
=2
j
=
=

ol

o
buor

=
N

ApgiTE oliz Al2lo] Bt ke glelold ehgHow A
shan, AHE RA9) 7890S WA|she, FhaEul

oF W7k 571 A Apolo] S Aws] Sla) A
2

> o

Jo
1"
T oofft o=

1

| 7lofa 4 gtk

82

o . .
152 - SR

SUATY T - 0|H=2HMES|

Fig. 3 Screw type system key design factor

Actuator —

\
Control Unit

Cylinder —— ’

Upper Rod ———

Vane Carrier ———.

*§:;,4£
e
]
$

]

Thrust Collar — =~ ]

N
Lower Rod )\\\Y\ﬁ St N
N \. 7 ~,\\ 5 \—-1\ cament

- \--\ Member

4~ Ring Segment

1,_/*‘ Blade

Fig. 4 Sectional view of pneumatic type turbine clearance

7 H Y]

/

control system
4, T 2|10 Al
41 A& x| 2

T P AIFE T AEY AIIHE BAE ez 1
B, Ald 27] GAelA Aagle] dee deehl, &
A EAE 2710 Tkl side = e ot
ol& F3l BliA A2 wgor A 23te} g ok
7F 7hssitt. EE, & 20 Al Fel 3l HolE e
A 2l A AlRle Hske b 859, ole A9
3E 7Fe/d= ol bl anbHolr), wehA, T 2] Al
2 AlE NS oA A AR, ALFe] e
A 3

i



ARG SHolE E 2=

(b)

Fig. 5 Single rig test model
(a) Section view of screw type system test modeling,
(b) Section view of pneumatic type system test modeling
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Table 1 Overview of screw type and pneumatic type system

Category Screw Type Pneumatic Type

Actuation Source Pneumatic actuator Compressed air

4ea Displacement,
2ea Temperature,
lea Pressure

3ea Displacement,

Sensor
2ea Temperature

Spring A or B

Elastic Restoration A: 430 N/mm, 2ea

Spring:

Component B: 1258 Ninm, 2ea 2,126 N/mm, lea
F)pemtlon 3 mm 3 mm
Displacement

Test Completion Stop after achieving Stop after achieving

Criteria 5,000 cycles 5,000 cycles
Test Ten{p'erature 500C 500C
Condition

Fig. 7 Installation of gap sensor
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Screw type Rig Test
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10 operation test without heating

10 operation test without heating
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‘ 10 operation test at 500 °C

5000 operation test at 500 °C ‘

Fig. 9 Test flow of screw type rig test

Pneumatic type Rig Test
] [
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Check the components, spring
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Fig. 10 Test flow of pneumatic type rig test
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Table 2 Component specification

Part Name i
Test Set (Fig. 5 Position) Material
Pusher SUS422-nitriding
Screw Washer SUS422-nitriding
Option 1
Thrust Bush SUS422
Spring Type B Inconel 718
Pusher SUS422-nitriding
Screw Washer SUS422-nitriding
Option 2
Thrust Bush Deva Metal*
Spring Type B Inconel 718
Pusher SUS422-nitriding
Screw Washer SUS422-nitriding
Option 3
Thrust Bush Deva Metal*
Spring Type A Inconel 718

* Deva.Metal* is a self-lubricating bearing material manufactured by
advanced powder metallurgy
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Single rig test Results _ pneumatic type
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Fig. 13 Results of pneumatic type rig test
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Table 3 Evaluation and decision final sheet

Screw Type Pneumatic Type
Evaluation Criteria Weight Score Weighted Score Score Weighted Score

Mechanism operability 45 6 270 9 405

Durability 20 9 180 10 200

Reliability 20 8 160 10 200

Productivity (included cost, lead time) 5 8 40 8 40
Possibility of further improvement 5 5 25 9 45
Maintenance without casing disassembly Internal 2 : 2 > 125
External 2.5 10 25 10 25

100 702.5 927.5
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