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Abstract.  This Benchmark Study with educational key aspects 
presents a spreadsheet-based approach to ARGESIM Bench-
mark C12 ‘Collision Processes in Rows of Spheres’. The process, 
the collision of spheres in a row, is seen as discrete process with 
a discrete time base, using two modelling approaches. A classi-
cal time-oriented approach describes the movement of the 
spheres by a discrete-time model, the collisions are approxi-
mated within the discretization points. The event-oriented ap-
proach makes use of the explicit movement formula and deter-
mines a sequence of exact collision times and collision events. 
Both approaches are implemented in the spreadsheet pro-
gram Excel, which is quite suitable for simulation of discrete 
processes by means of recursive formulas. The implementa-
tion uses standard features of Excel, so that the provided 
sources can be used in arbitrary spreadsheet programs. Inter-
estingly, with given medium accuracy and sufficient time reso-
lution, time-oriented and event-oriented results coincide. The 
study also concentrates on educational aspects in giving a 
sketch on the physical background of elastic and inelastic colli-
sions, in giving hints for proper implementation, and in provid-
ing background information on the selection of required exper-
iments with the model (benchmark tasks). 
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Figure 1: Spheres in a row – pendulum with infinite length. 

i 

Figure 2: Central impact of two masses – momentum  
conservation law. 
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2 Implementation 

2.1 Time-oriented approach 

    t
 x1    x2     x3     x4
dx1  dx2  dx3  dx4
 y1     y2   y3   
dy1 dy2 dy3  
s12   s23  s34  0’ 1’

delta_y1    delta_y2    delta_y3 

a d v_0 m_1 m_2 m_3 m_4 e t_0 delta_t tend

 

IF
AND

Figure 3: Time-oriented approach, calculation spreadsheet. 
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Time Advance 

D7 = IF ( D6<t_end; D6 + delta_t ) 

Position update:

x E7 = E6 + delta_t x x x

Position difference

y M7 = F7 - E7 - d, y y

Collisions Detection:  

     delta_y1: X7=M6-M7 delta_y2 delta_y3

s12: U7 = IF ( M7<=0; IF ( X7>0;1;0 ); 0 ) 
     s23 s34 1

Collision Handling: 

s12 1
dy1

  dy1: P7 = IF ( U7=1; -e*P6; 
 IF ( V7=1; P6+(1+e)*m_3/(m_2+m_3)*Q6; P6 ) ) 

s23 dy3
s12

s23 dy1
dy1 dy2 dy3 

      dx1:    I7 = IF( U7=1;   
                           I6+(1+e)*m_2/(m_1+m_2)*P6; I6 ) 

s12
dx1

dx2 dx3 dx4

delta_t
t 1 s12

 A19 = SUM ( U : W ).

2.2 Event-oriented approach 

    tca
    tcr
 x1    x2     x3     x4
dx1  dx2  dx3  dx4
 y1     y2   y3   
dy1 dy2 dy3  
tcr12  tcr23  tcr34  

FALSE’

cind 

a d v_0 m_1 m_2 m_3 m_4 e t_0 tend
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Collision time advance

    tcr:  E9 = IF ( D8>t_end; FALSE; MIN( U8:W8 ) ) 

    tca:  D9 = IF ( D8>tend; FALSE; D8+E9 ) 

Position update:

x F9 = F8 + E9*J8 x x x

Position differences

y N9 = G9 – F9 - d, y y

Velocities, velocity differences

cind

dy Q9 = IF ( Y8=’C12’; -e*Q8;   
                   IF ( Y8=’C23’;   
                         Q8+(1+e)*m_1/(m_1+m_2)*R8; Q8 )) 

dx J9=IF(Y8=’C12’;  
                         J8+(1+e)*m_2/(m_1+m_2)*Q8; J8 ) 

Next collision determination

U9 = IF( N9=0; FALSE;  
                                      IF (Q9>=0; FALSE; N9/-Q9 ) ) 

y
dy

yi dyi

cind

Y9 = IF ( U9=E10; ‘C12‘; IF ( V9=E10; ‘C23‘;   
                                               IF ( W9=E10; ’C34’; ‘0‘ ) ) ) 

‘0‘

B17 = COUNTIF ( Y6:Y29;<>’0’) 

B17 = COUNTIF ( D6:D29; >=0 ) 

IF

FALSE

Figure 4: Event-oriented approach, calculation spreadsheet 
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3 Task a – Time Domain Analysis 

3.1 Task a1 – Basic time analysis 

Figure 4: Positions over time - time oriented approach. 

Figure 5: Position differences over time  
- time oriented approach. 

Figure 6: Position differences over collision  
- event-oriented approach. 

Table 1: Comparison of collision times – time-oriented vs. 
event-oriented approach. 

3.2 Task a2 – elastic vs. quasi-plastic case 

e

Elastic case.
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Table 2: Final velocities for elastic collisions. 

Quasi-plastic case.

Goal Seeking 
Function What If Analysis 

B20-B23
B25-B27

B28

B28 = =ABS(B25)+ABS(B26)+ABS(B27)

Goal Seeking Function

B12
28

Goal Seeking Function

Figure 7: Spreadsheet for goal seeking of restitution 
coefficient for quasi-plastic case  
- event-oriented approach. 

Table 3: Collision coefficient for quasi-plastic case - 
results of Goal Seeking tool. 
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4 Task b – Dependence on 
Collision Coefficient 

B12

4.1 Task b1 – Number of collisions 

B12, 

AAn

B17 AFn

AAn AFn

Figure 8: Spreadsheet with calculation of collisions  
number final velocities dxi(e) for varying collision 
coefficient e   – event-oriented approach. 

Figure 9: Number of collisions as function of collision 
coefficient – time-oriented approach. 

Figure 10: Number of collisions as function of collision  
coefficient – time-oriented approach. 
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4.2 Task b2 – Final velocities 

Figure 11: Final velocity of each sphere as function of  
collision coefficient - event--oriented approach. 

Figure 12: Final velocity of each sphere as function of  
collision coefficient - time-oriented approach. 

5 Task c – Boundary Value – 
Stochastic Parameters 
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5.1 Task c1 – Velocity boundary value 

Goal Seeking 
Function What If Analysis 

B28 = =ABS ( B25 - v_0 )

Goal Seeking Function
B12

B28
Goal Seeking Function

5.2 Task c2 – Statistical analysis 

Figure 13: Histogram of the final velocities of the fourth 
sphere for normal distributed collision 
coefficient – event-oriented approach. 

6 Conclusion 
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