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Design investigation of the stress reduction of bolted joint
connection components in a large wind turbine blade
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ABSTRACT

Today, the power capacity of a wind turbine and the size of a blade is increasing to capture more wind
resources, reduce the number of wind turbines on a wind farm, and reduce the cost of energy. As the
blade size becomes larger, attention is being paid to the structural integrity of the blade root connection due
to the heavy gravitational load effect and increased aerodynamic loads on the large blade, which could
cause catastrophic failure of the blade. Therefore, the secure bolted joint connection of the blade to the hub
is very important. In this paper, attention was given to the stress concentration factor (SCF) at the first
thread between the M42 bolt and nut. The effect of various design parameters on the stress concentration
factor was investigated, which included nut type, nut height, and reduced shank bolt. From a close design
investigation of the numerical results, it turned out that the use of a reduced shank bolt resulted in the
largest reduction of the stress concentration factor by 40 %, and the round nut type also reduced the SCF
by 10 %, which will be beneficial to large wind turbine blades over 100 meters.
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(a) T-bolts type

(b) Insert Type
Fig 1. Blade root connection types
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Table 1. Description of a blade root joint model
ltems Description ltems Description
Thread
Blade length 835 m size M42
Root Insert Thread
connection type type pitch 45 mm
. Bolt/nut
Outer diameter 4.32 m grade 10.9
Blade circle Number of
diameter(BCD) 42'm bolts/nuts 168 ea

Fig 2 % 3¢ @A s4e] Ag8 BE ¥ UE
e A WANSEE wolFdh FHLLNNE o
A0 pATor, 3l BEME 29

E
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H
7 ElAE dgyel BA4W sl
- YE B )
S YE Bol(EE ) A% 5 &3

- Neck-down (or reduced shank) Bolt #-& &3}

M42 X 4.5
| L‘—:f
“'\
67mm 65mm Nut height = 36mm
[ | Ds =28mm
| ‘ 'M42
. X4.5
L=706mm ’
Fig 2. Geometry of nut and bolt
44

Fig 3. Schematic diagram of a thread shape in neck-down
bolt type (Partial image)

Steel

Insert Fixed BC

Fig 4. A half section of blade root model and cross section
view of bolted joint connection

Fig 5. FE model of a bolt/nut in insert type
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Fig 6. C3D8 8-node brick element and 2x2x2 integration
point scheme points in ABAQUS/Standard

Table 2. Material properties of insert, bolt, and nut

Flastic Poisson’s
Material | modulus ratio
(MPa)

Yield Tensile
strength strength
(MPa) (MPa)

42CrMo4 | 200,000 0.3

900 1,100

Table 3. Experimental properties of bolts

Property Value

Elastic modulus (MPa) 200,000
Poisson’s ration (MPa) 0.3
Elongation* (%) 14
Reduction of area* (%) 52
Yield strength* (MPa) 983
Tensile strength* (MPa) 1,075
Sruface hardness* (HV) 364
Cone hardness* (HRC) 36
Impact (]) 35

*. Average measurement data (from 4 specimens)
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Table 5. Mesh size effect on the stress concentration factor

Fine Coarse

Items mesh mesh
(seed=0.2) | (seed=2.0)

Nominal stress at shank 649,61 64961

(theory)

Nominal stress at shank 650.60 653.12

(FEA)
1st thread stress 2,098 1,975
2nd thread stress 529 1,066

Stress concentration factor at

the 1st thread 323 30

Stress concentration factor at
the 2nd thread 082 164
Deviation 0% 57 %
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Nut Type

Standard Nut
(Height: 36mm)

Ropind Nut
(Height : 49mm)

Fig 7. Nut type (standard nut and round nut)

3D Model 2D Model

Fig 8. Finite element model (3D model and 2D model)

Table 6. 3D FE model analysis results

Normal max
stress ’ Number of
Nut type at stress at SCF | Reduction | engaged
(3D) thread
shank (MPa) threads
(MPa)

Standard| 649 1975 | 3.04 |0 % (base)

Round | 649 | 1564 | 241 21 %

Table 7. 2D FE model analysis results

Normal | maximum Number
Nut type|stress at| stress at . of
(2D) shank thread SCF | Reduction engaged
(MPa) (MPa) threads
0%
Standard| 649 1,936 2.98 8
(base)
Round 649 1,629 2.51 16 % 9
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Nut Height Effect

Height=49mm

Number of Engaged Threads

[ )

Height=44.5mm -

Height=40mm

Fig 9. Height and number of engaged threads of M42 nut
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Straight Bolt (37.1mm Norm OD) Neck-down Bolt (28mm Shank OD)

Height=34mm
Neck-down bolt

Height=34mm
No neck-down, straight bolt

Height=49mm

Height=a9mm
No neck-down, straight bolt

Neck-down bolt

Fig. 10. 2D stress analysis of straight bolt and neck-down
(reduced shank) bolt
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0 | 60 | 1691 7 280 ¥ 82 Bl B A FLEd YES Reduced BE
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Table 9. Bolt shank effect on SCF (connected with round nut type)
Norm diameter Norm stress Max. principal .
Nut type Shank type (mm) (MPa) stress (MPa) SCF Reduction
Round Straight 37.1 369 1683 456 0 % (base)
Round Reduced 28 650 1629 2.51 45 %
Table 10. Bolt shank effect on SCF (connected with standard nut type)
Norm diameter Norm stress Max. principal .
Nut type Shank type (mm) (MPa) stress (MPa) SCF Reduction
Standard Straight 37.1 369 1995 5.40 0 % (base)
Standard Reduced 28 650 1936 2.98 448 %
SAEUHUXNMEE: M13A, M4s, 2022 47
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