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Laser repairing process of TC4 blades with crack and

volume damage
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Abstract: Aiming at the frequent surface crack, volume damage and high cost of repairing materials for
TC4 alloy blades, the FeCrNiB alloy and TiAlVFe were chosen for remanufacture, the surface cracks
and volume damage of TC4 blade were remanufactured based on the advantages of pulsed laser
forming process, the process matching was verified from the forming process, the metallographic
microstructure and three-dimensional size aspects. The results show that the FeCrNiB cladding layer is
composed of fine and compact equiaxed crystals, interlaced dendrite and homogeneously distributed cell
crystal, while the TC4 alloy is mainly composed of interlaced acicular martensite and basketweave

sstructure, both the organization of layers are in better form. The microhardness of the FeCrNiB
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cladding layer is 380 —750 HV,,, one time higher than the substrate. The microhardness of the TC4

cladding layer is 295-350 HV,;, which is similar with the substrate. The dimension accuracy of the blade

after remanufacture was controlled within 0.8 mm. Through the laser process optimization and

performance matching analysis, the FeCrNiB alloy was suitable for local microcrack remanufacture, while

the TC4 alloy was suitable for the forming of volume damage.
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Tab.1 Damaged patterns and remanufacture strategy of engine blades

Damage forms Damage characteristics

Strategies and methods for

Damage mechanism
remanufacture

Short and thick cracks, crack—like and
colored parts surface

Tip wear and exhaust
edge fracture

Surface cracks Repairable crake damage

Coating damage Coating damaged for different degree

Cracks propagate along grain
boundaries or appear at edges, granular
or short fracture, Surface with oxide
film with shape changes accompanied
sometimes

Transverse crack at blade
boundary junction

Blade root initiation and expansion to
inner and outer edges of the blade on
the upstream side

Leaf root crack

Cracking along grain boundaries,

Blade corrosion .
showing green rust

Blade thinned

Surfacing without additives before
cladding, cladding according to forming
thickness, selecting materials according

to forming strategy

Thermal fatigue fracture

The same materials are mainly chosen,
Ablation and corrosion the different materials are chosen

secondarily

Removal of original coating, re-
L . cladding, choosing the same or the
Friction wear or erosion . . .
different materials according to

forming thickness

Thermo-isobaric conditions for keeping
blades at 1000-1200 C and
100-200 MPa pressure

Creep fracture

The different materials could be
considered for small volume damage,
while the same must be chosen for

Particle erosion, high
temperature overload
high temperature fatigue overload

Stress corrosion, hot X
. No remanufacturing
corrosion

Ab 1 duri
rormat wear curing Multilayer forming of same materials

repair
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Fig.1 Surface crack and volume damage fracture of the blade
U85 53 5% H] FeCrNiB 5/ 42 LA ) TC4 Rl
BB AT R B , Horh  FeCrNiB & & H3 K

BA B EmPTHR T M LA GR RIS ; TCA & 4
AR BRS BRI He A 38 AT B Fe i B R T
A TS JE ol P S A5 A, By AR BE 24 S —50~150 pum,
TR HO ARG A AR TE 150 Tl E TR 2h, 7
FOB AR B Y £ IR 2 R
R2BEBECEREGITETEZN ST (REFE %)
Tab.2 Main element components of cladding alloy

and matrix (Mass fraction %)

Alloy FeCrNiB TC4
Cr 14.0-16.0 -
Ni 1.00-1.80 -
B 1.10-1.40 -
C 0.10-0.20 0.05-0.10
Fe Bal 0.25-0.30
Al - 5.50-6.80
v - 3.40-4.50
Ti - Bal
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Tab.3 Process parameters of laser remanufacture

No. Material  Power P/KW Scanning speed V Carrier gas Feeding rate Cladding Cladding Lapping ratio
/mm * min™ flow V,/L-h™" speed V/rad-min™' width W/mm height H/pm n
1 1.5 360 180 30 0.48 564 46.18%
2 FeCrNiB 2.5 420 180 80 1.02 937 52.19%
3 3.5 720 210 90 0.91 700 56.52%
4 TC4 1.5 360 180 80 0.68 1703 28.57%

HPE B L R 3 mm, JKYEN 10 ms, (725 LRy 1:112,
B 2 fTR 3 2 o T 2% L Y BRGE OE R 3,
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JE i XA 4 R 5% SRR S AT ok, R
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Fig.2 Macro-morphology of single-pass cladding of different

process parameters
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Fig.3 Metallographic structure of the FeCrNiB alloy cladding layer
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Fig.4 Metallographic structure of the TC4 alloy cladding layer
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Fig.5 Microhardness distribution of the TC4 and the FeCrNiB

cladding layer
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Fig.6 Overall morphology and size of surface crack and edge

volume damage for the blade

TESEPR U R vh S 4 il B3 OB 1 i &8 5
B B, 2 SR TG 8 A B IE TR 2 B it
B T A5 C X3 B DX 3k 2 1
SO CHRAL S
Fros

TAR A AJE ,A,B fil C
SRRV IE G B IRIE S K 7

(b} (c)

5.00

P 7 50 e O R 3 SR AR TR S

Fig.7 Overall morphology of damaged blade after laser remanufacture
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Tab.4 Three-dimensional reverse measurement data

for volume damaged blades after

remanufacture
Select location Test point Blade A Blade B
Length A 26.50 26.38
Width A 22.90 22.00
Top of the Thickness B 3.26 3.42
blade
Length B 138.64 138.50
Width on top C 29.42 29.16
Width on root C 27.30 27.70
Thickness D 1.50 2.16
Thickness E 1.12 1.64
Thickness F 0.98 1.02
Thickness G 2.86 3.34
Blade
Thickness H 2.40 2.52
Thickness I 1.29 1.10
Thickness J 3.82 4.12
Thickness K 3.24 2.98
Thickness L 2.36 1.98
Length M 42.96 43.00
Root of blade Width N 25.00 13.80
Thickness O 2.00 2.12
Severity of the injury 0.15-0.29 1.25-1.98
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420 mm/min, % ¥} # N 80 rad/min, SR A
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