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Abstract: To meet the demand for high strength and high fatigue performance of steel materials used in wind turbine towers
driven by the trend toward larger-scale wind turbine generators, a certain steel plant has developed a novel 25 mm-thick
Q420D high-strength steel with over 10% improvement in fatigue strength compared to conventional materials. To investi-
gate its thermomechanical processing properties and weldability, comprehensive performance studies were conducted
through flame cutting tests, thermal straightening tests, small iron research tests (e.g., Tekken test), maximum hardness tests
in heat-affected zones (HAZ), and welding procedure qualification tests, combined with mechanical property evaluations
and microstructural analyses. Results indicate that flame cutting induces hardness variation in the base metal at a depth of ap-

proximately 5 mm, necessitating a minimum surface machining allowance of 5 mm during practical processing. Within the
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thermal straightening temperature range of 600-800 °C, all mechanical properties of the base metal comply with GB/T 1591
—2018 standards, achieving an average impact absorption energy exceeding 300 J at -20 °C after thermal straightening,
demonstrating stable mechanical performance. In the small iron research tests under ambient temperature to 100 °C preheat-
ing conditions, both surface and root crack rates in welds are zero, while the maximum HAZ hardness reaches only 251.7
HV10, significantly below the ISO 15614-1:2017 limit of 380 HV10. This indicates low cold crack sensitivity, minimal hard-
ening tendency, and excellent weldability. Using a composite welding process combining gas metal arc welding (GMAW)
for root pass and submerged arc welding (SAW) for filling/capping passes, single-V groove joints were fabricated. These
joints exhibit tensile strength, impact toughness, bending properties, and hardness fully compliant with ISO 15614-1:2017
Level 2 requirements. Microstructural analysis reveals ferrite + granular bainite (with coarse-grained characteristics in HAZ)
in weld and HAZ regions, while the base metal consists of polygonal ferrite + minor granular bainite. Fracture surfaces show
quasi-cleavage morphology in welds and ductile fracture in HAZ, indicating optimal strength-toughness matching in joints.

Keywords: wind turbine tower shell; Q420D steel; hot workability; weldability; microstructure; mechanical properties
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Table 1 Chemical composition of base metal and welding wire(wt. %)

ok C Si Mn P S Cr Ni Mo Nb \ Ti B Al
Q420D 0.08 027 140 0.014 0.002 0.26 0.04 0.01 0.036 0.027 0.014  <0.0005  0.023
CHW-55C1  0.078  0.56  1.09 0.010 0.0029  0.035 092  0.0031 — 0.002 9 — — —
CHW-S9 0.062 0.19 146 00092  0.0032  0.036  0.046 0.32 — — — — —
xR2 B RIEM MRS
Table 2 Mechanical properties of base metal and welding wire 5? - KA it
R, R, 4, il A B i R 0 )
R /MPa /MPa /% ILEE/PC KV2/J w0
Q420D 520~680 =400 =19 -20 >40 100
CHW-55C1  550~740 460  >17 45 >27 200
CHW-S9 550~740 2460 =20 -20 >27 =
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Fig. 1 Metallographic structure of the base metal
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Fig.2 Schematic diagram of sample cutting and hardness point distri-

bution on the cross-section after cutting
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Fig.3 Schematic diagram of the heat straightening heating area and

sampling positions of the test plate
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Fig. 4 Shape and dimensions of the specimen for the oblique Y-groove

welding crack test
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Table 3 Welding process parameters of the oblique Y-groove welding

crack test
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Fig.5 Test piece shape and welding schematic diagram
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Fig. 6 Schematic diagram of hardness point distribution
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Fig. 7 Butt groove form of the welding test plate
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Table 5 Welding procedure qualification test parameters

$151 TG Gl SSu)

E57) JEAE -
/°C /A 1A (mm-min™")
. CHW-
K 80~180  230~270 28~33  350~450
55C1
o CHW-S9+
WiFe/55 80~180  450~600 27~32 320~460
CHF101

i BRA AR A CO,, AREE 15 L/min,
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Table 6 Mechanical Properties of weled joints
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Table 7 Sample sampling location and size
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Fig. 8 Variation trend of vickers hardness value with flame cutting

distance
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Table 8 Mechanical properties of base metal after thermal straightening at different temperatures

£ BUHIRIE R /MPa JE RS EE R,/ MPa HEAIR A/% i KV2/5(=20°C) i D=30,0=180°
316.6/323.9/337.4
125-600 558/559 467/472 29/28 e
{8 325.97
324.4/325.4/317.6
125-700 580/579 497/488 24.5/27 e
¥ 322.47
343.7/342.1/346.8
125-800 571/575 485/492 26/24 ey
¥ 344.2
SR S EERAE(GB/T 1591) 520~680 >400 19 >40(Z\[m) —

£9 FRBNEE THENALRER

Table 9 Crack rate results of samples under different preheating

temperatures
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Fig.9 Hardness trend diagram of the welding heat-affected zone
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Table 10 Results of tensile, impact and side bend tests
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Fig. 10 Vickers hardness values of different areas of welded joint
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Table 11 Hardness test results (HV,,)
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Fig. 11 Dimple zone microscopic morphology of impact fracture of weld seam and heat affected zone
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Fig. 12 Metallographic structure and SEM microstructure
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