Surface-Mount Placement Equipment: A New Modularity
The electronics assembly work left in North America is Reshaping this region’s assembly equipment requirements.
In today’s global economy, multinational electronics manufacturers have taken advantage of extremely low offshore labor costs and have moved the bulk of their ultra-high-volume production to China and other Asian markets. The nature of electronics production left in North America is reshaping the needs of this region’s surface-mount assembly market—and equipment manufacturers are responding with new equipment designs. Recently, the North American surface-mount production environment has had large board requirements that were unheard of as little as two or three years ago 
Motherboards and backplanes are often over 20 in. square. High-mix/low-volume applications, new product introductions (NPI), demanding ramp-to-volume requirements and products using exotic materials represent the norm in North America for the foreseeable future. This trend requires flexible production environments that are driving a transformation of modular equipment theory and design.
Assemblers use a combination of what they perceive to be best-in-class equipment—the best machine for their unique production requirements regardless of the machine provider.

The advantage of the split concept tends to be in the high and ultra-high production environment, where a single product or a small group of products is the primary focus of the facility. Design advancements over the past few years, principally on high-speed chip placement machines, have helped expedite changeovers under this assembly model. Further, features such as gang feeder replacement and feeder verification have significantly reduced setup time on high-speed placement equipment. [image: image1.jpg]



Most flexible placement systems built in recent years are also equipped with gang feeder

replacement systems. Some even incorporate interchangeable multiple tray units to assist in rapid changeover, reducing the production time lost between production runs.

The principal disadvantage of the split concept is lack of scalability. Each placement

machine has a relatively fixed placement rate and limitations on the type of components it can handle.

In today’s global economy, multinational electronics manufacturers have taken advantage of extremely low offshore labor costs and have moved the bulk of their ultra-high-volume production toChina and other Asian markets. The nature of electronics production left

in North America is reshaping the needs of this region’s surface-mount assembly market—and equipment manufacturers are responding with new equipment designs.

Recently, the North American surface-mount production environment has had large board requirements thatwere unheard of as little as two or three years ago 

Motherboards and backplanes are often over 20 in. square. High-mix/low-volume applications, new product introductions (NPI), demanding ramp-to-volume requirements and products using exotic materials represent the norm in North America for the foreseeable future. This trend requires flexible production environments that are driving a transformation of modular equipment theory and design.

The Historical Perspective
Historically, surface-mount assembly has been divided into two basic assembly machine concepts: split and modular.
The Split Concept

The split concept uses two different styles of machines to build the same board; for example, a chip shooter places the resistors, capacitors and other small components, and a flexible placement machine places larger parts like small outline integrated circuits (SOICs), plastic leaded chip carriers (PLCCs), ball grid arrays (BGAs) and flat

package ICs. Both equipment types may come from the same supplier, but, often, electronics placement. Large board applications can quickly exceed the specifications

of one or both of the machines on the line. The result is that the line may have exceptional throughput on one group of products but perform poorly on another. Due to the size, weight and cost of the equipment, reconfiguring the line for short-term

production requirements is usually not a viable option. When multiple equipment vendors

are used in the same line, line balancing can become much more difficult because the machines typically require different feeders and programs. Using different vendors

also can create challenges with personnel on the line, as they are required to understand different control systems whose individual operation may be counterintuitive

with each other. Maintenance, too,is complicated—maintenance personnel have to learn different design concepts and troubleshooting philosophies, and spare partsmust be kept on hand for a wider range of equipment. The results are often higher start-up and parts inventory costs.

The Traditional Modular Concept
The modular concept uses two or more modules of the same size and style produced by the same manufacturer. The advantage of this design is that the equipment uses the same component feeders and programs, typically occupies the same floor space and creates a uniform production line. Operating systems are very similar, if not the same between modules, reducing the learning curve for new operators. Further, customers can change from product to product more easily—and in some

cases, add or subtract modules to adjust line capacity production output.

The problem, though, with adding or subtracting modules is cost. Typically, keeping spare modules in stock and waiting for the right product to come along to justify their installation is not practical for most companies. Also, adding a machine to a

line is a complicated undertaking; component placement machines require power, air and data hookups. Adding or removing a machine will also change the total length of the line

and may require the movement of other equipment such as screen printers, conveyors or reflow ovens, which also have power, air, data—and sometimes venting—requirements. 

The process of reconfiguring a line can be difficult, time consuming and expensive.

Another problematic element in the traditional modular concept is the number of machines in a single production line. Each time a placement machine is added, also added are board load time, fiducial read time and block skip read time. These contribute

to the total build time of the board. Multiple machine lines can also create board flow problems. Multiple modules, by sheer number, increase the likelihood of line interruptions due to machine stoppages. If a stop takes morethan a few seconds, the upstream and downstream modules can be adversely affected, reducing total output and driving down the overall efficiency of the line. Because all the machines in the

line are required to build product, preventative maintenance and repairs generally cause the entire line to be shut down until a problem is found, isolated and repaired.

The New Modular Design 
Faced with market dynamics not always addressed by traditional production line concepts, machine designers have been establishing new designs. Their objectives include:
• a production line that is scalable and quickly changed from high-speed to flexible applications for utilization and efficiency

• a production line that does not stop for more than a few minutes, even for maintenance and repair of equipment.

• a production line that can be altered to accommodate highvolume,high-mix and larger board requirements in a short period of time.
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Advances in design and manufacturing are yielding the ability to produce scalable modular production equipment suited to now available in small increments of productivity that allow users to purchase the capacity they need. Additionally, machine

modules are being built that can be changed or exchanged quickly, enabling users to tailor their lines specifically to current—and emerging—production requirements while maintaining efficiency and utilization. 
Current Demand Issues 
How will this new modular concept address the specific demand issues that distinguish the North American electronic circuit’s assembly market?

Speed

Certain products always benefit from speed. The new breed of modular placement equipment can share data between modules to reduce the redundancy of fiducial and block skip reading, increasing the overall productivity of the line. The ideal equipment

would have a selection of interchangeable placement heads, which would provide speed and flexibility over a wide range of component types, and a large selection of nozzle sizes, which can be used to enable higher speed and accuracy than typically available,

making 0201 component placement and high-density manufacturing realistic. Advanced software controls optimization and line balancing would also increase utilization and efficiency. New optimizers would allow a group or groups of products to be combined to minimize or eliminate changeover throughout a specified period of time. All these features allow the machine to run more and wait less.

Uptime

By replacing a modular style placement head quickly, which returns the machine to production almost immediately, the new modular concept helps keep utilization rates high.Machine breakdowns will no longer take entire productionlines out of service until a problem is found and repaired.Advanced modular design allows sections of the machine to be exchanged and serviced off line, so that production is not affected .
Service/Technical Resources.
The new modular machine components allow users to view service in a new light. A module in need of service can be offline or sent out for repair, reducing the amount and level of in-house service expertise required to support production. 

Consider this situation under a typical production environment: A breakdown occurs on the third shift. The line stops and waits for a technician to come and assess the problem. The problem is analyzed, parts are replaced and recalibration is done. The entire time the machine was down, the line was also down. Very little product was assembled during the shift. 
The same situation in a production environment determined by the new modular concept would look very different. A breakdown occurs on the third shift. The line stops, and the supervisor is called. The placement head or module in question is replaced, the machine acknowledges the change, self-calibrates and the line is returned to production in a matter of minutes. The next day when the first shift technician comes to work, the suspect head or module is analyzed and then repaired using a maintenance docking station that allows the technician to repair and test run the unit. Production on the third shift is interrupted only a few minutes, as opposed to the duration of the shift from the time of the breakdown under a typical environment. Not only was the shift able to complete scheduled production, technical resources were used more efficiently and the need for a third shift technician was eliminated.

Maintenance
Reduced downtime for preventative maintenance is also an objective of the new modular design. For example, the use of maintenance-free linear motion guides and ball screws reduces the time and frequency between preventative maintenance scheduling, the overall operational cost of equipment and the number of people required to perform MRO functions.

Inventory/Spares

Spare placement heads, nozzle nests and feeder pallets can be used to avoid machine downtime. They can also be used to reconfigure individual modules to speed changing the structure of the line by shifting modules—such as from high speed to flexible placement configurations or vice versa—to accommodate variations in product diversity. Modules can often use the same spare components, so the number and cost of replacement parts carried in inventory can be minimal.

Production Capacity 
Advanced modular design allows individual modules to be reconfigured to accommodate large variations in production requirements. Components presented on tape-and-reel, bulk, stick and tray may all be supported. Additionally, some

Machines allow the use of mechanical chucks for automated placement of connectors

and other odd-form components. Placement heads and modules can be exchanged to transform the line configuration and production capacity according to the product in the production queue, which would maximize productivity.

Space requirements

Modularity can reduce the floor space required for the line. Machines of the same size and shape allow the factory to use space more efficiently, improve workflow

and maximize the benefits of line layout. Consistent design in placement equipment enables users to organize feeders, components and work areas to more efficiently plan, set up and operate the equipment. This practice can reduce the number of operators required on the floor, as well as drive down cost-per-placement across the

whole facility.

Changeover

Gang feeder replacement, smart feeders and bar coding technologies can help protect setups from human error during changeover. Features like automatic rail width adjustment and automatic backup support allow machines to be set up faster andonent

more accurately. Minimizing or eliminating operator involvement in the process by leveraging automation to handle basic changeover tasks reduces opportunities for error—and increases productivity of the line.

Staffing

As onboard machine intelligence drives down operator intervention in the assembly process, headcounts and total operating costs can be reduced. Onboard intelligence

also anticipates component resupply needs, prompting operators to prepare backup

before it is needed, not only speeding and smoothing workflow, but also empowering

more effective use of labor.Additionally, the new modular concept’s ability to set up and

run lines face-to-face can also reduce staffing by allowing a single operator to manage more than one machine.

Transforming Expectations

The jolting experience of the past few years—the broad global economic downturn combined with the changing North American circuit assembly market dynamic— has transformed the expectations manufacturers have of their placement machines. Assemblers require machines to be faster and more efficient, of course. Above all, however, they want more flexible machines that help turn production lines on a dime to meet the varying requirements of smaller run jobs that, for better or worse, often determine the viability and profitability of circuit assembly operations. In meeting these new expectations, the new modular production environment may itself transform the look of the factory floor. Machines will be smaller, denser in functionality and more intelligent; functions that previously required additional equipment and floor space will now be incorporated by simply changing out one module for another. Fewer operators will be required to maintain higher volume, decreasing costs while supporting margins that will sustain and extend the enterprise.

While revolutionary in terms of design, the emergence of these new machines represents

a continuation of the industry’s ability to leverage technology and evolve

successfully in the face of changing market pressures. Such evolution takes time, and its

process can often be painful in human and economic terms. The fact that the industry

continues moving forward is something that speaks volumes about its resilience and creativity. The realization of the new modular concept—which will take shape on the

factory floor in the years ahead—reinforces the belief that the tough times experienced since the turn of the millennium may be transformed into a period of strong and sustained growth. 
