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A Failure Analysis on the Broken Last Blade of 30MW Steam
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Abstract © In the recently released accident investigation report on blade failure, almost 70% of blade failures
was found at low pressure turbine blades, and it is well known that main cause is due to the vibration modes.
This paper describes the systematic approach on the root cause of the blade faflure at L 0 stage, 30MW single
flow industrial steam tirbine which had tripped by high vibration after ten month commercial operation. A
fracture was found at the only one damping wire hole of 59 Dlades, and crack was detected at three damping
wite holes by NDT. According to the analysis result for the crack fracture surface and the chain of the
sequential operational events, we come to the conclusion that a typical ligh cycle fatigue 1s the most dominant
factor caused to the blade failure, the resonance frequency margin was narrowed by the cut damping wire and
the high cyde vibration was amplified, and then the blade was broken at once by the centrifugal force when
the crack reached the critical size
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Load Basis and Cyclic Load

Variation
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7% 1 16.3 ton/hr

ore 1 95 Kg/ort
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O Shaft Vibration Limit (Units : pmpeak—peak)

- Turbine Front X, Y : Alarm > 84, Trip >
110, No.minal=59

- Turbine Rear X, Y : Alarm > 24, Trip > 110,

No.minal=5H9
- Gear Box Pinion Front X, Y @ Alarm > &7,
Trip > 129, No.minal=46

— Gear Box Pinion Rear X, Y @ Alarm > &7,

Trip > 129, No.minal=46
¥ Sensor Type : NCPU 8mn (7.87V/nm)

O Caslng Vibration Limit (Units @ mo/s vefl)
Gear Box Front Hor. @ Alarm > 45, Trip >
7.1, No.minal=3.2
Gear Box Rear Hor. : Alarm > 45, Trp >
7.1, No.minal=3.2

- Generator Front Hor. @ Alarm > 7.1, Trip >
11, No.minal=3.5
Generator Rear Hor. © Alarm > 7.1, Trip >

11, No.minal=3.5
¥ Sensor Type : Velomitor (4mV/mms-1)
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Fig. 6 W1y 2 Sensor 917 7o%

Rear Front

VE3346 VE3341

VE3341AB

- Shaft Vibration Sensor VE3M4IAB /
VE3342AB / VE3344A B / VE3345A.B

- Casing Vibration Sensor VE3343A  /
VE3343B / VE3346 / VE3341
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No. |58 d |T A | 7% | 471% | 4715

Se‘.ls.or Units

Position| Time |03:00:00]03:05:35|04:45:30 |05:33:56]10:40:45

RPM 6,850 6,854 5,124 4 806 4 835
TEN | VE32[ ) )| 75 44 49 54
Rear | 41A 8oy | s | s | 2
TN [VEse [, | 137 81 78 6B
Rear | 41B (116) | 85) | (69) | (83)
TBN [VE33 [, [ 124 | oo | 10z T 108

Front | 42A (113 | aosy [ oz | (113
TBN [VE32 [, (5] 98 52 19 50
Front | 42B (79) (61) (49) (49)

Gr Box m
S0 /vl BTN INC B N S I
Rear Direct
Gr Box VE32 (1%)
pn. | Ge | @ | (78 - - -

Rear

Gr Box
pin, | B3 ) | e | - - -

; 454
ront
Gr Box
pn. [Vl @ |as | - | - | -

Front
Gr Box
Rear | VE33) oag | 271 | 348 | 31 | 2.2
5 43A

ar.

Gr Box

From | eoc | 0.3 | 2.33 | 208 | 243 | 184 | ms
438 !

Har, Direct

Gen. | VE33

pe [ VEsS| ose | 087 | 117 | 056 | 0.8

Gen. | VE33 ~

mone | V0| ose | 107 | 108 | 0.8
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Fig. 9 No.21 3¢H

A

- AP

O T8 A $A

HdL Trailing Edge ¥ Leading Edge % 2
Tie Wire Holedl A Al &H o™ Tie Wires}2]
EAH HE ofsle dAE Ao E A,

No21¢] Origin %-7-o] %1312 Exo] PR
Qout, Addel AP DY Bl A
Ao o fewl 7o npEEAe] vehta
UTE A S e 2RE FEAA Al frae
ot

o8 A4 B2 #3ef ke ZAHAE
7t2A2e YW 33 (Transgranular Fracture) 3 th

@ Mid Range d29] s

Mid Range @ RelA9] FHe 24 H F4do] A
FREH 2= YA 9 I Intergranular
Fracture) At 2o J2d oA A &5
H(Striation)e] Yt %ler, ZAYPAE wE
22kt 2 #AW A vk FAm2age] ¥
hw obdolgtal R Au A SR A So| guket

PANEE BITA gk

RE

w3

i

Spartram: SPECTAUME Bange:10 ket

| i
)

1|0

e “‘“v‘m'r-/
Flg 10 No.21 J}quﬂ)ﬂ—q EDS & 733}

Fet E 1 F
st ,v,snm ,&ﬂ.‘f,‘ﬂ,.. ,;W ),

@ HZIH-FHGH A

TEaHy g FARE
. yZuphde]l Mid Rangedld Hod54d
YA 2] o] MoNotonicdt 13 ol =
HA ga Yk

=

oAy
e o2l FT

Fig. 11 No.21 TE 77|

- A H]
ek e wM 2 Hete] A
gzl Nob 3H <9 Tie Wire Hole 5 A
H AFstAT. vAZzEA #E A|FHS Abrasive
Cutter® AHESte] PYsHA FAA~HA ddst
Aow, IHEelef BET WS Anfste] nAzAS
#AFE AT

@rb= No120 Grit — No400 Grit — No.800
Grit — No1200 Grit — No1500 Grite] 242 2
Aalgen], 27 ol Avbiael $A% wEe
Qnpaiel o) d AntelA] it AbES AASE

WHoz s,

Auene slae) teldms Aoz fm
3m — Im®] SAE Anpgt T HEHOE GFY|
v &8 0.05mE ARESe] A dntEiick A

]

r
o FN

Bae

N

Aul T F 9 3L At {FRA7 T Aol
RS AEEgon, vAzE #FL 95 RALe
[HNo.3 : HCl : H20 = 1:2:3]18 AM&-&9th mA%
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- Total Calendar Hours :
- AA A7k 2 2578 Hours
- 2 9 A7k : 988 Hours
- 29 11.1% o]8} (35MW) &&A|7F :
430 Hours (12.1%)

3,066 Hours

- A &9 &4 (Low Load Operation)
g A Al g FAIE Fig 169 2ok
- A 8 (Low Load) +d 5 A A%

(Low Vacuum)sZ
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O Allowable Pressure at Turbine Exhaust by
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Fig. 17 Allowable Pressure at Turbine Exhaust

B8l o) 7] 2 =(Turbine exhaust temperature)
EHl 8 7|2 =(Turbine exhaust temperature)©=
10 IP2Mwa 24 =¢ 772 0 CASR o3
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