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The Dynamic Analysis Algorithm 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Start 

End 

Calculate: 
- Mass Matrices 
- Stiffness Matrices 
 

Calculate: 
- Natural frequencies 
- Vibration modes 

Calculate: 
 Damping Matrices 

Output: 
- Responses of gantry crane 
- Responses of crane 

framework 

Moving Trolley with 
Swinging Payload  

Swinging 
Motion of 
Payload 

Transient 
Analysis 

Moving Trolley  
with Stationary 

Payload 
(Moving Load) 
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The Calculation of Structural Matrices  stM  and  stK Algorithm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Start 

for n = 1: je 

Read: 
- Number of Element 
- Number of DoF 

Read: Structural Data 

for i = 1: N 

for j = 1: N 

Calculate:  
-         1T,T,KE,ME stst  
-       TMETM stst

1 ,       TKETK stst
1  

-    



N

i
stst KK

1
,    




N

i
stst MM

1
 

End 
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The Calculation of Natural Frequencies and Vibration Modes Algorithm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Start 

Read: 
- Mass Matrices 
- Stiffness Matrices 
-  

Calculate: 
- Natural Frequencies 
- Vibration Modes 
 

End 
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The Calculation of Damping Matrices Algorithm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Start 

Read: 
- Mass Matrices 
- Stiffness Matrices 
- m , n  
- m , n  

Calculate:  
Rayleigh damping factors 
a  and b   
as per Equation (54) 

 

End 

Calculate:  
Damping Matrices 
as per Equation (53) 
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The Transient Analysis for Moving Trolley with Stationary Payload Algorithm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Start 

Initial Condition 0t  
Read: 
-  stM ,  stC ,  stK  
-  0q ,  0q   as per Equation (60) 
- t ,  ,   

A 

Calculate: 
Constants 0a - 7a  
as per Table 3.1 

Calculate: 
          0extf  
as per Equation (57) 

Calculate: 
 0q  

as per Equation (61) 

 Output: 
- 0t  
-  0q , 0q ,  0q  
-  0extf  
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 No 

Yes 

 No 

A 

sTt 

Calculate: 
Longitudinal 
Position, Tx  

Yes 

Interaction 
Force 

Calculate: 
Moving FEM 
 m ,  c ,  k  as per Equations (14)-(16) 
 

Calculate: 
Overall Matrices 

 M  ,  K  
 

Calculate: 
- Natural frequencies 
- Vibration modes 

B 

C 
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Yes 

Calculate: 
Equivalent Nodal Forces 

extf  as per Equation (57) 

B 

Calculate: 
Overall Matrices 

 C    

Moving Force 
Model 

Calculate: 
Effective Stiffness Matrices  
 K  as per Equation (63) 

Calculate: 
The Effective Load Vector 
 F  as per Equation (64) 

Calculate: 
Dynamic Responses, 
 q ,  q  and  q  
 as per Equations (65)-(67) 

 Document 

End 

Termination Condition 
 No C 
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The Transient Analysis for Moving Trolley with Swinging Payload Algorithm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Start 

Initial Condition 0t  
Read: 
-  stM ,  stC ,  stK  
-  0q ,  0q  as per Equation (60) 
- t ,  ,   

A 

Calculate: 
Constants 0a - 7a  
as per Table 3.1 

Calculate: 
          0extf  
as per Equation (52) 

Calculate: 
         0q  
as per Equation (61) 
3.21 

 Output: 
- 0t  
-  0q , 0q ,  0q  
-  0stf  
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 No 

Yes 

 No 

A 

sTt 

Calculate: 
Longitudinal 
Position, Tx  

Yes 

Interaction 
Force 

Calculate: 
Overall Matrices 
 M  ,  K as per Equation (52) 

Calculate: 
- Natural frequencies 
- Vibration modes 

B 

C 



162 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Calculate: 
Equivalent Nodal Forces 

extf  as per Equation (52) 

B 

Calculate: 
Overall Matrices 
 C  as per Equations (52)-(54)   

Moving Force 
Model 

Calculate: 
Effective Stiffness Matrices  
 K  as per Equation (63) 

Calculate: 
The Effective Load Vector 
 F  as per Equation (64) 

Calculate: 
Dynamic Responses, 
 q ,  q  and  q  
 as per Equations (65)-(67) 

Calculate: 
 ,,  ,   ,, and   ,,  

as per Equations (48d)-(48g) 

D 



163 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Document 

End 

 No C Termination Condition 

D 
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The Transient Analysis for Swinging Payload with Stationary Trolley Algorithm 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Start 

Initial Condition 0t  
Read: 
-  M ,  C ,  K  as per Equation (55d)  
-  0q ,  0q  as per Equation (60) 
- t ,  ,   

Calculate: 
Constants 0a - 7a  
as per Table (3.1) 

Calculate: 
          0extf  
as per Equation (55d) 

Calculate: 
         0q  
as per Equation (61) 
3.21 

 Output: 
- 0t  
-  0q , 0q ,  0q  
-  0extf  

A 
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 No 

A 

sTt 

Yes 

C 

Calculate: 
External Forces extf   
as per Equation (55d) 

Calculate: 
Effective Stiffness Matrices  
 K  as per Equation (63) 

Calculate: 
The Effective Load Vector 
 F  as per Equations (64) 

Calculate: 
Dynamic Responses, 
 q ,  q  and  q  
 as per Equations (65)-(67) 

Calculate: 
 ,,  ,   ,, and   ,,  

as per Equations (55a)-(55c) 

B 
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 Document 

End 

 No C Termination Condition 

B 


