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Laser Cladding Modification Technology for Cast Steel BD1 Roller Surface
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ABSTRACT: The work aims to solve the problem that the BD1 roller has low wear resistance and is easy to stick steel during
the rail beam rolling process. The laser cladding technology was used to study the applicability of the cladding material, and the
chemical composition was set to precipitate a large amount of carbides. At the same time, the wear resistance, cold and thermal
fatigue resistance and welding performance were considered. The role of Cr, Ni, Mo, W, Si and B elements in laser cladding was
studied by orthogonal experiment, the grain orientation was detected by metallographic method and the best powder chemical

composition was determined by evaluation of 500x observation microcracks. Moreover, the macroscopic hardness and
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metallographic structure of cladding material were analyzed. Then, the effects of cladding process parameters such as laser power,

linear velocity, overlap and powder feeding on the surface quality of BD1 roller were studied. After the laser cladding modification

technology of the BD1 roller surface of the rail beam, a metallographic structure significantly different from the rolled material was

formed on the surface of the cladding layer, so that the phenomenon of “welding” no longer occurred, and the phenomenon of

sticking steel was eliminated. The cladding oxide film had high wear resistance and improved roller wear resistance. While the good

metallurgical bonding ensured that the cladding layer had sufficient resistance to pressure, impact, mechanical fatigue and thermal

fatigue. After laser cladding, the amount of steel could be increased from less than 1,000 tons to more than 6,000 tons. The surface

material of BD1 roller is changed, the phenomenon of sticking steel is overcome, and the wear resistance is improved, which

realizes high-efficiency recycling of BD1 roller and significantly improves the service life of the BD1 roller of the rail beam.

KEY WORDS: cast steel; rail beam; BD roller; surface; sticking steel; laser cladding modification technology
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Tab.1 Chemical composition of BD1 roller of rail beam
wt%

C Si Mn P S Cr Ni Mo

0.55~0.65 0.2~0.6 0.5~1.0 <0.035 <0.03 0.8~1.2 0.2~1.5 0.2~0.6
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Tab.2 Physical performance indexes of BD1 roller of rail beam

Thermal conduction coefficient/

Thermal expansion coefficient/

Elasticity modulus/ Friction coefficient

(W-m™ K™ (x107° °C) (x10* MPa)
30~35 11~12 21~23 0.82~1.05
Body hardness(HSD) Neck tensile strength/MPa Density/(kg-m™) Specific heat/(kJ-kg™'-"C™")
40~45 =800 7700 0.54~0.67
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Fig.1 Sticking steel phenomenon and its effects of BD1 roller of rail beam: (a) sticking steel phenomenon of hole facade, (b)

mixture of furrow wear sticking steel, (c) fatigue crack
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Tab.3 Performance comparison of different wear-resistant ferrous metal materials

Item Metallographic Abrasive Welding Expansion
Actual structure resistance performance coefficient
requirement ioni ; i
Description Significantly different from high g o 451 5)HSD Ww(C)%<0.6 Close to 10~12
temperature austenite
Cast Class T Bainite + carbide 45~60 1.4~2.0 10~12
alloy ClassIl Composite matrix + certain carbides 55~70 0.4~0.8 10~12
steel  Class T 1T Complex matrix + more carbides 78~85 0.8~1.4 10~11
Material Cast Class | Bainite + eutectic carbide 65~78 3.0~3.3 9~10
characteristics  alloy
iron Classll Martensite + complex carbide 75~88 3.0~3.3 9~10
Hard WC WC particles + adhesive =90 2.5~3.5
alloy Metal ceramic WC particles + iron-based adhesive =85 4~5.5
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Tab.4 Comparison of applicability of surface strengthening and additive methods for metallic materials

. I Additive . Environmental
Item Metallurgical combination methods Operability Process cost protection
Requirement Combination of the The thickness The equipment and
s . of additive is  operation facilitate the level of Major types and
Description additive and the base o .
material between the realization of the cost degrees of pollution
0.2~2.5 mm industrial modification
Electroplate ~ Short-range <0.1 mm Poor manoeuvrability Slightly higher Severe water pollution
intermolecular forces
Brushing Short-range <0.2 mm Simple operation Slightly lower Slight dust pollution
electroplating intermolecular forces in small areas
Surface Carbon immersion: No addition  Simple operation Low Slight smoke pollution
carburizing 0.1~3 mm
Process  Supersonic Long-range intermolecular <(.5 mm Complicated Slightly higher Severe dust pollution,
characteristics spray forces+slight melt operation operating in isolation
room
Overlaying Molten combination 2~20 mm Complicated High Smoke pollution, slight
operation relatively dust pollution
Laser alloying Molten combination 0.05~0.3 mm Simple operation Slightly higher Slight dust pollution
Laser cladding Molten combination 0.2~3 mm Complicated Relatively Slight dust pollution
operation relatively ~ higher
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Tab.5 Chemical composition orthogonal test of chemical
composition

wt%

Serial number C Cr Ni Mo W Si. B
Cr25 0.4 25 12 2 8 3
Cr20 0.4 20 12 2 8 3
Ni20 0.4 25 20 3 8 3
Ni20W15 04 25 20 3 15 3
Cr20W15 0.4 20 12 2 15 3
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Tab.6 Results analyses of chemical composition orthogonal
test

Serial HSD 'Gralr% Crack  Metallurgical
orientation

number sensitivity combination
Cr25  65~75 >80% Orientation Medium Good

Cr20  60~70 >80% Orientation ~ Weak Good
Ni20  60~70 >90% Orientation =~ Weak Good
Ni20W15 65~80 >90% Orientation  Strong Good
Cr20W15 65~75 >80% Orientation  Strong Good
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Tab.7 Chemical composition of cladding powder
wt%

C Si Mn Cr Ni Mo W B
0.25~0.3 1.8~2.0 04~0.6 24~25 19.5~20.5 3.2~3.5 7.8~82 0.3~04
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Tab.8 Test results of cladding layer hardness distribution

HSD range 60~65 65~70  70~75  75~80
Measuring points 22 84 18 7
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Fig.2 Metallographic structure of cladding layer: (a) surface of cladding layer, (b) bonding layer interior, (c) lap joint
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Tab.9 Effect of laser power on cladding surface

Power/W Macrophotograph Metallograph Brief description

Macroscopic scale: Flat surface and deep lap

2500 joint, uneven distribution of light spot power
Microscopic scale: The grain structure changes
obviously

3000 Macroscopic scale: Smooth., balance
Microscopic scale: Normal structure

3600 Macroscopic scale: Melting phenomenon

Microscopic scale: Contains tempered structure
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Tab.10 Influence of overlap rate on cladding surface

Overlap rate Macrophotograph

Metallograph

Brief description

10%

30%
> 20 pm
50% t AT
L i 20 pm

Macroscopic scale: The surface is not smooth,
there are pits, pores, protrusions and other
defects at the lap joint

Microscopic scale: Not uniform, the presence of
micromelt particles

Macroscopic scale: Smooth, balance

Microscopic scale: Uniform structure

Macroscopic scale: The gas hole caused by the
superfusion of the parent material

Microscopic scale: Large structure

43 EHR

YETE 2 HARIE RS 0.3~0.5 mm, R %8
S AT RIOFI 2R 0 TR 28 B AL, MOR DA SE 86
F TR ek T LS5 #EOET%h 3000 W,
FHEHSE 20 mm/s, FEEFRN 30%, HEHHRS 5N
20, 40. 60 g/min, PFATHLIEIEHE LS, SCHEE AR
F 11, ERBFEN 20 g/min I, K000 W LR ;
KRR 40 g/min B, B )Z OB, HRTDE
W BB E R 60 g/min B, G 2 A MBI FLAZLL

AR S B A R I s R, Ok B2 R Ik F
0.3~0.4 mm I, BEAT LAy 2 T PR 225K, SURERS A
BB b s WO B B . R, e R R RN
30~40 g/min, “JEN 1.5~1.8 MPa I e, ot
By RHIAR KT 60%.
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W, EERR R, HA RS Sy O 30 mm/s I, IR ELR R AT AR SR
20 mm/s I, SEEJZRMEOCH, HICARSCERA A 459RE, HEEEY 20 mm/s I, SRR B

R EMRWVNBEEEREHFN

Tab.11 Influence of powder feeding rate on cladding surface

Powder feeding rate/(g-min”") Macrophotograph Metallograph Brief description

Macroscopic scale: Poor lap flatness

20 Microscopic scale: High dilution degree, locally
visible base structure of base material

40 Macroscopic scale: Lap flatness
Microscopic scale: Uniform structure

60 Macroscopic scale: Poor lap flatness, Local bulge
Microscopic scale: Uniform structure

®12 FAMEENNEERREHZI
Tab.12 Influence of scanning speed on cladding surface
Scanning speed/(mm-s™")  Macrophotograph Metallograph Brief description

2SR Macroscopic scale: The surface is not smooth,
10 e i there are raised, pores defects
Microscopic scale: Large structure relatively
20 pm

Macroscopic scale: smooth .

20 . . .
Microscopic scale: uniform structure
Macroscopic scale: The surface has the stomata
30 and the insufficient melts phenomenon

Microscopic scale: Visible loose structure and
inadequate feeding
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Tab.13 Optimum laser cladding parameters

Laser power/ Spot diameter/ Scanning speed/ Step size/ Powder feeding rate/
w mm (mm-s™) (mm-circle™) (g'min™")
3000~4000 5 12~20 2.5~3.2 30~40
®14 REERSSMNYIEIER
Tab.14 Physical index of cladding surface and base metal
. . Thermal Thermal expansion Elastic ..
Content Hardness(HSD) ]ier‘ns%};; (Slf)]elc(lf_lf hce?lt; conductivity/ coefficient/ modulus/ C(I:;};té?enn ¢
(kg'm J (W-m K™ (x1076 ¢ (x10* MPa)

Base metal 40~45 7700 0.54~0.67 30~35 11~12 21~23 0.82~1.05

Cladding layer 3 75 8000 10~11 20~24
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