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Impact Stress Analysis for the Welding Joint in a Rotary Dryer
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ABSTRACT: This paper discusses the failure phenomenon of the welding joint for the flight bars in
a rotary dryer under impact loading. The flight bars are utilized to provide a curtain of particles and to
avoid direct cohesion of the production to the steam tubes. In addition, some gravitational hammers
knock off the shell’s outer skin to fall off the product buildup on the shell’s inner surface. The condition
monitoring has revealed that periodic impacts of hammers on the outer skin will result in welding joint
failure between the flight bars and the shell followed by a complete detachment. Assuming that the
hammer impacts the shell by a constant rotational speed, finite element software is employed to simulate
the mentioned problem. According to the results, severe stress concentration and plastic deformation
arise around the roots of welding joints. To prevent joint failure, different mechanisms are proposed
such as relocation of the welding joints, employment of the stiffening angles, and an increase in the
thickness of the absorbing pad. The outcome of the current study showed that relocation of the welding
joint toward the flight bar end and the application of a stiffening angle can decrease the maximum von
Mises stress by a factor of 18% and 43%, respectively. Moreover, using a composite absorbing pad will
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decrease the von Mises stress around the welding joint root by about 80%.

1- Introduction

The impact behavior of welding joints is an important
issue in metallic structures. The filet welds are designed
to provide a higher static strength compared to other joint
components. The welding joints have low ductility and their
impact strength is sensitive to the strain rate and the plastic
work softening. Huo et al. [1] studied the dynamic behavior
of the welded H beams. They showed that an increase in the
width-to-thickness ratio for the flange significantly reduces
the beam impact strength. Chen et al. [2] investigated the
impact behavior of the beam-column joints. Their results
indicate that the impact speed has a more pronounced effect
compared to the mass of the impactor.

2- The Problem Statement

The flight bars are devised to provide a uniform distribution
of the product within the dryer and to enhance heat transfer.
The flight bars are welded to the shell using Tungsten Inert
Gas as shown in “Fig. 1”. The cyclic impact loading of the
gravitational hammer on the outer shell skin can induce a
significant localized stress distribution around the welding
joints’ corner. The elastic constants for all components are
approximately taken as FE =200GPa, v =0.3 and the
yield strength is set to be o =275MPa. The welding joint
clastoplastic behavior is adopted from TIG-welding of type
304 stainless steel referring to [3].

*Corresponding author’s email: y.alinia@hsu.ac.ir

3- The Finite Element Modeling

The finite element model schematic is shown in Fig. 2.
Abaqus general-purpose tetrahedral (C3D4) and linear brick
(C3D8R) elements are employed to provide an appropriate
mesh refinement around the welding joint corners. The
interaction between the impactor, the absorbing pad, the
outer ring, and the shell is assumed to be a frictionless
normal contact utilizing the Surface-to-Surface contact
option. The tie constraint is used to model the welding
joint between the flight bar and the shell. The gravitational
hammer knocks off the absorbing pad with a constant
rotational velocity of @, =9rad/s. The dynamic explicit
approach is carried out to extract the transient behavior of
the localized stress distribution around the welding joint
corners. An acceptable convergence is obtained for a total
number of 60,000 elements.

4- Results and Discussion

The early-stage analysis revealed that a high-stress
gradient occurs at the welding joint corners as illustrated in
Fig. 3. The variation of the von Mises stress versus time for
the corner points (P, and P, in Fig. 3) is provided to study the
effects of design parameters, namely: longitudinal position
of the welding joint, application of the stiffener, the weld
dimensions and the absorbing pad structure.

The center of the original weld aligns with the impactor
centerline. The center of the welding joint is moved forward
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Fig. 1. The location of welding joints on the flight bars
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Fig. 2. The finite element model of the problem
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Fig. 3. von mises stress distribution for the welding joint

or backward longitudinally for a distance equal to its half-
length. The corresponding stress distribution is given in Fig.
4. For the forward placement, the maximum von Mises stress
at the corner points decreases by a factor of 18% with respect
to the original model. On the other hand, the backward
placement of the welding joint may increase the maximum
von Mises stress compared to the original placement.

The welding joint strength may be increased with the aid
of a longitudinal stiffener as shown in Fig. 5. The stiffener
is a right-angle section with a thickness of 3mm. It can be
observed that the maximum von Mises stress decreases by a
factor of 43% in comparison with the original welding joint.

As an alternative solution, the absorbing pad thickness
and the material combination is altered to reduce the impact
loading transferred to the shell. The results indicate that an
increase in the pad thickness has no significant effect on the
maximum von Mises stress. On the other hand, a bi-layer
absorbing pad (which consists of an aluminum layer bonded
to the original steel pad) can considerably decrease the severe
stress gradient around the welding joint corner as shown in
Fig. 6.
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Finally, we study the effect of welding joint geometrical
dimensions on the maximum von Mises stress behavior. Both
the length (L) and the leg (W) of the weld are increased by a
factor of 50% with respect to the original weld dimensions.
The results presented in Fig. 6 indicate that the stress reduction
is around 14% and 6% for a 50% increase in the length and
the leg, respectively.

5- Conclusions

The impact stress analysis for the welding joint of a
rotary dryer was investigated. The effect of several design
parameters on the welding joint strength was studied by
means of the finite element method. According to the results,
the application of longitudinal stiffener offers a significant
reduction of the severe stress gradient in comparison with
the original model. As a simple alternate remedy, the welding
joint longitudinal placement can decrease the von Mises
stress by a factor of 18% with respect to the original model. A
composite bi-layer pad can considerably suppress the impact
energy transferred to the welding joint.
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Fig. 11. Variation of maximum von Mises stress versus the total number of elements
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Fig. 12. The von Mises stress distribution for the welding joint corner points ( F} and P, )
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Fig. 13. The vonMises stress distribution versus time increment for the points £, and P,
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Fig. 14. Longitudinal location of the welding joints with respect to the impact center
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Fig. 15. (a) Forward replacement (b) Backward replacement of the welded joint
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Fig. 16. The von Mises stress distribution versus time increment for the forward replacement
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Fig. 17. The von Mises stress distribution versus time increment for the backward replacement
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Fig. 18. The stiffening angle dimensions
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Fig. 19. The von Mises stress distribution for the stiffening angle
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Fig. 20. The effect of stiffening angle on the maximum von Mises stress
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Fig. 21. Bi-layer absorbing pad
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Fig. 22. The effect of bi-layer absorbing pad on the maximum von Mises stress
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Fig. 23. The effect of weld leg and length size on the maximum von Mises stress

YAOA



Al=55) SSlse Lolss F Joss

Table 4. Mechanical properties of Al-6061

(kg/m") =

Ogmolsy S

(MPa) Sit, Jsae

Y.V

Y

Xl

[1] B. Langrand, E. Markiewicz, Strain-rate dependence in
spot welds: Non-linear behaviour and failure in pure and
combined modes I/II, International Journal of Impact

Engineering, 37(7) (2010) 792-805.

[2] A. Tyas, J.A. Warren, E.P. Stoddart, J.B. Davison, S.J.
Tait, Y. Huang, A Methodology for Combined Rotation-
Extension Testing of Simple Steel Beam to Column Joints

at High Rates of Loading, Experimental Mechanics,
52(8) (2012) 1097-1109.

[3] H. Qu, J. Huo, C. Xu, F. Fu, Numerical studies on
dynamic behavior of tubular T-joint subjected to impact

loading, International Journal of Impact Engineering, 67
(2014) 12-26.

[4]H. Qu,Y. Hu, J. Huo, Y. Liu, Y. Jiang, Experimental study
on tubular K-joints under impact loadings, Journal of
Constructional Steel Research, 112 (2015) 22-29.

[5] J. Ribeiro, A. Santiago, C. Rigueiro, P. Barata, M.

Veljkovic, Numerical assessment of T-stub component

subjected to impact loading, Engineering Structures, 106
(2016) 450-460.

[6] P. Cui, Y. Liu, F. Chen, J. Huo, Dynamic behaviour of
square tubular T-joints under impact loadings, Journal of
Constructional Steel Research, 143 (2018) 208-222.

[7] T. Bjork, A. Ahola, N. Tuominen, On the design of fillet
welds made of ultra-high-strength steel, Welding in the
World, 62(5) (2018) 985-995.

[8] E.-F. Sun, M.-M. Ran, G.-Q. Li, Y.-B. Wang, Mechanical
behavior of transverse fillet welded joints of high strength

steel using digital image correlation techniques, Journal

YAOA

Slaloiudey 9 42 o -0

So gleojloy ol Ghe Jlail (o3 ey adlae il >
ol G35 e glate (s C8)S )3 (qw) 3y50 (it (S SuiS
NPlep b 3 3905 lial giluie oS 4 dlasys )IS)L
gy 01i3] iy pilSa p Joitde d9aa (slipl Jho 035 g5t
B > B (15 2y anl 8 il o] b Jlail g ol
@ g b b giledre OOl dmio 4 ol lagly copu b 4po
ol Lol cde &S W0 5 asdde (silu e I Jols (soae ol
S9) 2 OiSe Slps 1 (B6 e Jlasl )3 0 Wl sl i odily
VS g GBI S e 4 oxie Sbpd pl Al (SIS ()1
4 30,50 odjlon sy Jlail ady) ) (gsSusSee Sy
@bty (G5 35 o3 @lge )3 0ad bl lais jEalS jslaie
Cupmbgn yois M3 o0 U5 ol 8 &) Jlai] Caoglie d90 ylate 4
Slg5 oo 008 Co g s 3,8 g 085lg 5 (gLl Ceows 4y yogn Jlad]
) 2 0 am> alS |y fuslayg i o 4 ¥Y 5 VA i 4
o Juadl G5 @355 1 (gmogene 56 3l aohio Cualus il
WY 5 S po doio S 4 QI dio JlBle yom (blae (0 o)l
am> Gl A e 41y Ghg JUail > A5 S 55 e S5 e
o 290 ) 250 Sl ST clpimgly i Serda s <
2l yl,8

ro8 (35 palile 4 Ghen k3> S5l w0l ey 0
@¥ilon e Jlail

ssbie & oMo ol sy p3Y lps )b Bl uess 0
@l dxio (b by (1S o)y SRS

GilS gkt & s sl sloptidy ;b i

laye 5135k



YAS« B YAFY asio OF+) Jlo Y o)lad OF 053 syl SlSo sigo dy pi

Catenary Action of Axially-restrained Steel Beam Under
Impact Loading, Structures, 11 (2017) 84-96.

[13] K. Chen, Y. Zhang, K.H. Tan, Behaviour of steel beam-
column joints subjected to quasi-static and impact loads,

Journal of Constructional Steel Research, 183 (2021).

[14] E.O. Ogundimu, E.T. Akinlabi, M.F. Erinosho, Study
on Microstructure and Mechanical Properties of 304
Stainless Steel Joints by Tig-Mig Hybrid Welding,
Surface Review and Letters, 25(01) (2018).

[15] K.K. M. Shariati, B. Jahangiri, A. Saber, Experimental
study on ratcheting and softening behavior of stainless
steel 304L thin-walled shells under cyclic pure bending
load., Modares Mechanical Engineering, 16 (2016) 324-
332. (In Persian)

of Constructional Steel Research, 162 (2019).

[9] T. Shiozaki, N. Yamaguchi, Y. Tamai, J. Hiramoto, K.
Ogawa, Effect of weld toe geometry on fatigue life of lap
fillet welded ultra-high strength steel joints, International

Journal of Fatigue, 116 (2018) 409-420.
[10] T. Skriko, T. Bjork, T. Nykénen, Effects of weaving

technique on the fatigue strength of transverse loaded
fillet welds made of ultra-high-strength steel, Welding in
the World, 58(3) (2014) 377-387.

[11] E.L. Grimsmo, A.H. Clausen, M. Langseth, A. Aalberg,
An experimental study of static and dynamic behaviour
of bolted end-plate joints of steel, International Journal of
Impact Engineering, 85 (2015) 132-145.

[12]J. Huo, J. Zhang, Y. Liu, F. Fu, Dynamic Behaviour and

Mech Eng., 54(12) (2023) 2843-2860.

DOI: 10.22060/me;j.2023.21657.7488

I. Bari, Y. Alinia, Impact Stress Analysis for the Welding Joint in a Rotary Dryer, Amirkabir J.

o2 gl )l i (ol & Wiy

YAS



	Blank Page - EN.pdf

