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Preceding chapters: manufacturing system with single workstation

Now, manufacturing production line composed of two successive 
machines

• M1 with production capacity U1 (when operating) and 
indisposability I1 

• M2 with production capacity U2 (when operating) and 
indisposability I2 

and an intermediate buffer B of capacity h

Introduction
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Such a manufacturing system if called a production dipole or a two-
stage transfer line 

Assumptions: permanent supply of raw material and permanent 
absorbing demand 

Question: what is the mean and variance of the production output of 
such a production line?

Introduction
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Intermediate Buffer – Practical Illustrations
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Production Dipole 

Isolated mean production rate of   

Isolated mean production rate of  

Production rate of the dipole M, if machines M1 and M2 are linked 
via a buffer?
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Production Dipole 

In general: no closed formula for the mean production rate of the
dipole M

We look for an approximation of the form:
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Production Dipole: AnyLogic
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Production Dipole: Hypothesis 
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Production Dipole: Hypothesis 
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Production Dipole: Mean Production Rate

Under stationary conditions and the above hypothesis (H1-H7), mean 
production rate of a production dipole with a buffer B of size h:

Idip(h) is the effective indisposability of the production dipole:

where:
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Production Dipole
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Production Dipole: Observations

• The most unavailable machine always determines the global 
effective production flow of the whole production dipole.

• Idip(h) is decreasing with h => mean production rate of the 
production dipole increases when the size h of the intermediate 
buffer gets larger

• Idip(h) lies between I1 + I2 (when h=0) and max{I1, I2} (when h=∞)

• Increasing the buffer capacity h has beneficial influence on the 
productivity. However, this will inevitably also increase in-
process inventory and therefore also increase costs.  
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Production Dipole
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Production Dipole: Fluctuations Around the Mean

Approximation: consider the dipole as an isolated machine Mdip
with a mean production rate ⟨U(h)⟩, and a mean cumulated 
productivity for a time horizon H given by: 

Accordingly, we find:

With:

MSSCD, Chapter 6 15



Production Dipole: Fluctuations Around the Mean

Observe that for Idip(h) < 0.1:

• Increasing the buffer capacity h reduces the variance of the 
cumulated production of the production dipole 

• Increasing the buffer capacity h increases the mean production 
cumulated production of the production dipole 
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Production dipole with identical machines with:

I1 = I2 = 0.1 and I1 = I2 = 0.15

Production Dipole
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Production Dipole: Fluctuations Around the Mean

Production dipole with identical machines with:

I1 = I2 = 0.1 and I1 = I2 = 0.15 
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Production Dipole: Different Machines
The effective indisposability Idip(h) of the production dipole is only valid 
when  U1 = U2 = U

When U1 ≠ U2  : we can renormalize p1 by equalizing the mean pro-
duction of M1 and M2 and define       as:

Real machine         :

Effective machine         :

The real and the effective machine have same mean productivity.
The instantaneous production rate of  (     is equal to U2. 
The results exposed in this chapter are now applicable for the machines     

and M2
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