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Introduction 

Housing industry is continuously looking at various ways to industrialize its production 
process.  Around one third of all houses are now produced in the factory setting and manufactured 
housing leads, in production numbers, among all factory-built housing.  Since World War II, the 
manufactured homes have come a long way, from the trailers to one of the most preferred and 
popular forms of factory built housing.  In 1999, around 21.4 million Americans lived in 
manufactured homes. It has been estimated that the annual need for housing units typically 
exceeds 2 million, whereas, annual housing supply has been around 1.75 million during the 1980's 
and is estimated to be around 1.5 million during the 1990's and 2000.  In view of the increasing 
demand for housing units, the housing industry has tried various production approaches.  In the 
process of industrializing their product, the industry is constantly identifying and solving many 
production process related obstacles.  A major obstacle faced by the housing producers is the lack 
of guidelines for either converting old production plants or designing new plants to increase 
productivity. 

This paper reports on the on-going research in the area of manufactured housing 
production at Michigan State University.  This research is supported by the National Science 
Foundation’s Partnership in Advancing Technologies in Housing (PATH) initiative.  The goal of 
this research is to produce systematic guidelines for the design of a layout for a manufactured 
housing production plant. For this purpose, the tools and techniques available in the field of 
industrial engineering and supply chain management disciplines were investigated.  Space and 
proximity requirements in a production plant were developed and a layout design software 
program, FactoryPLAN, was used to generate production layout design alternatives.  Finally, the 
detailed steps involved in the layout design generation process were compiled as a process model. 
 
Manufactured Housing Production Process 
 A manufactured home is produced in the controlled environment of a factory. It is then 
transported on the site of installation and connected to the utilities there. These homes can be 
classified into single-section and double-section homes. Double-section homes are manufactured 
as two separate single-section modules/units and after production they are transported to the site 
individually. Single-section homes are typically 16’0” wide with an average area of 1200 sq.ft., 
whereas, double-section homes are about 32’0” wide with an average area of 1550 sq.ft.  

The assembly line in a manufactured housing production plant consists of many different 
types of stations. Not all the stations on or beside the assembly line in a production plant are of 
one standard or particular type.  As shown in Table 1, the stations can be classified into main 
assembly stations, sub-assembly stations, and feeder stations, based on the type of activity taking 
place at that station/area. The production process of a manufactured home consists of various 
activities on an assembly line that are well planned to ensure continuous production. The different 
activities on the assembly line can be grouped into clusters/departments depending upon the 
element that is being built (Senghore, 2001; Mehrotra, 2002).  These clusters include - floor, 
walls, roofing, exterior, and finishes cluster. 
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Manufacturing Facility Layout Design Techniques 
 The field of manufacturing facilities planning can be subdivided into plant location, and 
plant design. Plant location refers to the placement with respect to the customers, suppliers, and 
other facilities in the supply chain. As shown in Figure 1, plant design is further subdivided into 
plant facility system, plant layout, and material handling. Plant facility system consists of the 
structure, atmosphere, enclosure, lighting, electric, communication, life safety, and sanitation 
related systems (Tompkins et al., 1996). 
 Over the years, several new layout procedures have evolved to assist the planner in 
designing layouts. Few of the major traditional approaches which have strongly influenced the 
development of the layout design process were Apple’s Plant Layout Procedure (Apple, 1963), 
Reed’s Layout Procedure (Reed, 1967) and Systematic Layout Planning (Muther, 1973). The 
Systematic Layout Planning (SLP) procedure developed by Richard Muther is the basis for many 
layout design techniques and software tools. 
 

Table 1: Description of main assembly, sub-assembly and feeder stations 
 

Description of Stations 
 I-Main assembly stations 
Chassis on wheel and axle pulled into the factory. 
Place assembled floor frame with insulation, ductwork and wiring over the chassis 
Placement of interior walls (studs with panel on one side only),  
Placement of cabinets, toilet compartment, bathtub, kitchen sink. 
Placement of exterior walls  
Rough electrical and mechanical, and final exterior walls installation 
Installation of all electrical and mechanical equipment 
Roof installation 
Installation of shingles on the roof and cut outs for doors and windows 
Exterior wall finishes and installation of side shingles. Installation of door& windows, and trim 
Begin interior finishes- install foam for carpeting, complete interior drywall finish 
Install carpet, final electrical and plumbing finishes, install marriage walls. 
Interior Finishing and cleanup, placement of material to be installed at site 
II-Sub-assembly stations 
Fabrication and storage of ductwork and plumbing, and placement of tires. 
Assemble floor frame- place black sheet, place insulation, place floor joist, place wire and duct 
work, staple black sheet to the floor joist 
Sub-assembly of interior walls 
Assembly of cabinets, kitchen, and toilet sinks 
Sub-assembly station for roofing main activity stations. 
Fabrication of roof truss, installation of ceiling board, painting, drying and finishing 
Installation of loose and rigid insulation 
III-Feeder stations 
Storage of ductwork and plumbing pipes 
Storage of cabinets 
Storage of drywall panels 
Storage of drywall, doors and windows, and sheathing. 
Storage of roof shingles 
Storage of foam and carpet and drywall (marriage) 
Storage of wall boards and tools 
Storage of mirror, and appliances. 
Storage of drapes and appliances. 
Storage of toilets and materials to be shipped to the site for onsite installation 
Storage of drywall panels and wooden members for roof frame fabrication 
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Figure 1: Subdivisions of Facilities planning for a manufacturing plant facility 
(Tompkins et al., 1996) 

 
Types Of Flow Patterns 

Typically, the flow patterns consist of a combination of the few general flow patterns. 
Depending on the application and available space the assembly stations may be placed in one of 
the patterns (Mehrotra 2002). 

• The straight line and L flow patterns are used when the production process is short and 
simple in nature and contains few or no common components or production equipment.  

• The U flow pattern is used when it is necessary to keep both receiving and shipping ends of 
the line at the same end of the plant. The pattern is also useful when there is a material-
handling consideration or external-access consideration. 

• The O flow pattern is used in machine cells that are serviced by a common material-
handling robot. 

• Serpentine patterns are used for long assembly processes that have to fit in a square area. 
Such layouts are also called S type layout pattern.  

 
Specific Techniques 

The general scope and characteristics of the production process and of layout design needs to 
be understood before a specific technique is selected.  All layout design techniques require two 
main inputs namely, Space requirements and Proximity requirements 

 
Space requirements: The assessment of space requirements mainly include identification of main 
assembly stations, calculation of areas for these stations, and associated stations (sub-assembly 
stations, feeder stations, and storage areas). 
 
Proximity requirements: Flow among the department is a major factor that influences the 
arrangement of departments within a facility. Flow can be specified in two ways (Tompkins et al., 
1996): 

• Quantitative measure: Flow can be measured quantitatively, in terms of amount moved 
between departments. It includes pieces per hour, moves per day, etc. In facilities having 
large volumes of materials, information, or people moving between departments, this kind 
of measure is important. 

• Qualitative measure: Space relationship between two departments may range from 
absolutely necessity that the two stations be close to each other to a preference that the two 
departments not be close to each other. In facilities with very little movement of material, 
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information, or people, qualitative measure is the basis of arrangements of departments. A 
relationship chart is one of the common ways of presenting the qualitative measure of 
flow. It describes qualitatively the degree of closeness that should exist between various 
workstations (Sule, 1988).  This measure of flow was chosen to develop the proximity 
relationships for this research mainly due to its relevance to manufactured housing plants. 

 
Layout Design of Manufactured Housing Production Plant 
 
Figure 2 summarizes the overall steps followed in the research effort leading to the generation of 
layout design alternatives for case study plants.  The detailed steps involved in the layout design 
generation process were also compiled as a process model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Research Steps for Layout Design Process 
 
 Data for this research was collected from two manufactured housing production plants 
in Northern Indiana.  The collected data, consisting of space requirements (an example provided in 
Table 3), and proximity details, was used to develop relationship charts.  Details of relationship 
charts can be found in Mehrotra (2002).  Production managers in both case study plants were 
involved in developing these relationship details.  Once the relationship charts for a production 
plant were finalized, these were used to prepare layout alternatives. 
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Various software tools that use relationship charts as input for producing design layouts 

were reviewed.  FactoryPLAN is an AutoCAD-based tool used for design and analysis of plant 
layouts. The design group at Engineering Animation Inc. (EAI, 1999) has developed this tool. It is 
a qualitative layout design tool, which uses Muther’s Systematic Layout Planning for the design 
process (Muther, 1973).  It helps in developing various layout alternatives and then provides 
“Effectiveness Score” for the layouts based on the specified space and proximity requirements. 

Based on the different layout patterns, five layouts were developed for each production 
plant.  The effectiveness scores were used (refer to Mehrotra 2002 for details) to identify the 
optimal layout.  In case of Plant A, S-shaped layout emerged as the one with best scores, whereas, 
in case of plant B, L-shaped layout had the best scores. 

 
Layout Design Process Model 

The understanding of the manufactured housing production process, identification and 
application of various layout design techniques and software, and the generation of the layout 
design alternatives was used to formulate the detailed model of the layout design process (Figure 
3).  Various steps in the process model are grouped in four categories: 

- Understanding the production process, 
- Selection of layout design technique, 
- Data collection and analysis for the selected technique, 
- Selection and application of layout design software, and 
- Evaluation and selection of the layout 
 
The detailed steps in the process model can assist a manufactured housing company in 

either, designing a new layout, or to improve an existing layout.  These steps were evaluated 
against industry practices in manufacturing industry with the help of input from leading industrial 
design consultants (CMTC, 2000). 
 
Summary 
 

Though manufactured homes have come a long way from recreational trailers, there has 
been very little effort to improve the production plants in which they are constructed. There is no 
standard method or procedure adopted to prepare a layout for these production plants. The 
manufactured housing industry lacks systematic information associated with the process of layout 
design of a manufactured housing production plant.  There is a need to learn and adopt techniques 
and procedures from other disciplines that are more knowledgeable in this area.  This research is 

 Table 2: Space  Requirements for Station No: 6 – Roof Cluster (Mehrotra 2002) 

Cluster name Description Station Type Area 
(l*b) Major Activities Major Raw 

Material 
Raw Material 
Supply Source

Roof Installation of 
roof 

Main assembly 
station 

2400    

  Sub-assembly 
station 

1600 set roof truss based on 
spacing 

Trusses External storage

  Sub-assembly 
station 

1600 glue & nail the ceiling 
brds. 

ceiling boards ceiling board 
feeder station 

  Sub-assembly 
station 

1600 spray paint the ceiling 
& drying & loose 

insulation 

Roof sub-
assembly 

station 

 



Construction Research Congress 2003 

 6

the first step towards bridging the gap between the manufactured housing industry and more 
developed industries in the area of production plant layout design. 

It was observed that a U-shaped layout is the most common layout in manufactured 
housing production plants. Based on the effectiveness scores obtained for the different layouts, 
several layout options are feasible, and manufacturers should not limit themselves to one particular 
layout. 
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Figure 3: Manufactured Housing Production Plant Layout Design Process Model (Mehrotra, 2002) 


