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Robot Celi

Design

e This case study is a summary of “Optimal Buffer Sizes and Robot Cell
Design in PSA Peugeot Citroén Car Body Production,” by Alain Patchong
(unpublished paper — as of now).

e Most of the operations in a body shop are performed by robots that load and
weld stamped steel parts. These robots are organized in cells, called
modules, comprised of a set of robots with no intermediate buffer.
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Robot Cell
Design

e [ he smallest possible system has three modules:
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Robot Cell Problem
DeSIQn Assumptions

e There is a specified total number of spot welds that must be performed.

e All welders are identical and their reliability is constant whatever the number
of spots they perform.

e All welders of the same module perform the same number of spots (ie, the
work is divided equally).

e The cycle time of a module is determined by the number of welds performed
in that module and the number of welding robots in it.

e The cost of a module is determined by the number of welding robots and
material handling robots.

e The cost of the cell is determined by the cost of the modules and the cost of
the buffers.
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Robot Cell FrlelE
Design

What set of robots (in each module) and buffers (between
modules) will meet the production target at the least cost?

Two possible solutions:

3= module structure 4= module structure
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Rob_ot Cell Analysis
DeSIQn Operational parameters

e Approximate a module as a single machine. Determine its
parameters (cycle time, MTTF, MTTR) from its constituent
parts.

e Each module is a production line with no buffers. It consists of
welding and material handling robots.

e MTTF and MTTR and cycle time of each robot is known.

e The production rate of a module is determined from Buzacott's
zero-buffer formula.

e The MTTF, MTTR, and cycle time of the module is derived from
those of individual robots and the number of robots.
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Rob_ot Cell Analysis
DeSIQn Operational parameters

e Assume that the welding robots have the same parameters and the material
handling robots have the same parameters.

e MTTF of a module decreases (p increases) as the number of robots
increases because there are more opportunities for failure.

e MTTR is a weighted average of MTTR of welders and MTTR of material
handlers. It approaches a constant as the number of welding robots
increases.

e Therefore, isolated efficiency decreases as the number of welding robots
increases.

e The operation time of a module decreases (the speed u increases) as the
number of welding robots increases because each robot has fewer welds to

do.
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Rob_ot Cell Analysis
DeSIQn Operational parameters

Efficiency and Speed
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Efficiency and speed of a module as a function of the number of welders
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Rob_ot Cell Analysis
DeSIQn Operational parameters

Isolated Production rate (parts/hr)
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Isolated production rate of a module as a function of the number of welders
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Robot Cell Analysis
DESIgn Costs

The cost of a module is the cost of the welding robots + fixed costs.
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