Food Industry Growing New Robot Options 

The history of robots and other automation technologies in the food industry goes back decades, mainly involved in palletizing tasks; so-called downstream applications.  But as food industry giants continue converging and demand continues unabated from large warehouse outlets, grocery chains and consumers for fresh products quickly, newly emerging configurations in robots with related automation technologies, including vision systems and processing software, are seeing robot applications move upstream for picking and packing.  
In many ways, food can be similar to other robotic loading/unloading and material-handling applications, as in the automotive and other manufacturing industries. In other ways, it is a class by itself. Whether it involves moving engine blocks or chicken nuggets, it starts with the product. Design for manufacturing (DFM) practices go back generations, centering on matching design requirements with process capabilities and costs.  Design for assembly (DFA), a more recent branch of DFM methodology, centers on designing and optimizing parts that go into assemblies. Both can affect the choice of robotic and automation technologies, as the ideal manufacturing benefits encompass an optimum number of parts closely coordinated with the appropriate assembly technology for the most cost-beneficial production process. 
“With durable goods, there was this whole push for design-for-assembly, and over time companies were able to alter their designs so that they were able to deliver the same function but with an automation-friendly approach,” says Dick Motley, account manager, North American Distribution at FANUC Robotics America in Rochester Hills, MI. “When it’s something you eat, companies are concerned that it tastes good, looks nice, and is pleasing to the eye. Function and suitability for automation are way down the priority list. Often, you’ve got to deal with what’s presented.”

With food, this can mean random-oriented, uniform or non-uniform products that may be fragile to the touch. “A lot of existing processes are predicated on manual labor,” Motley continues, “it’s difficult for hard automation to mimic hand/eye coordination in picking random product off of a conveyor, particularly if it’s fragile and can’t be mashed into a corner or some other location where a hard-automation device can pick it. This is where robots come in.” 
Hard automation fixtures also limit flexibility, adds Sumeet Vispute, FANUC Robotics’ product manager for picking, packing, and palletizing. “One thing that’s coming into the picture nowadays, especially with bigger chains like Kroger and WalMart is packaging. They want to optimize display space on the shelves but the case sizes may change frequently. If you’re using robots, that gives you flexibility compared to hard automation where you can pack in just a few limited patterns. That’s where articulated robots win hands-down.”

Matthew Job, technical director at Hartness VISY Automation, a robotics integrator in Greenville, SC, agrees. “If you have an articulating robot, you have the ability to pack in different configurations,” Job says. “When you can articulate the product into a case, you greatly simplify changeover. With an articulated robot, roughly 80 percent of your changeover components are gone and the robot itself is your changeover component.”

Development of High-Speed Robots 
Robots have been handling food items in processing plants for years. SCARA (selective compliance assembly robot arm) robots have long been known for speed, accuracy, and simple movement. Commonly known as four-axis robots (up-down, front-back, left-right, and a fourth axis wrist which rotates), these robots are the definition of “pick and place,” as they can be programmed to descend to pick up an object, grip and lift it, and transfer it to another location, be it another conveyor or packaging line.  
In the early 1980s, Raymond Clavel, a professor at the Ecole Polytechnique Federale de Lausanne in Switzerland, invented a robot that incorporated three parallelograms mounted on a base that allow an output link to stay in a fixed orientation to the input link.  The three legs are organized around a fourth telescopic leg that transmits rotary motion from a motor mounted on the base to the end-effector. Since the legs are hinged and have an arachnid-style angle to them when they move, they are informally known in the industry as spiders. They also are known as Delta-style robots.

Initially, spider robots became popular in the high-speed picking and placing of light-load objects (<1 kg, or 2.2 lbs.) such as candies or chocolate bars because they were the only high-speed robots available to this market other than SCARAs. Speeds run from 90 to 150 cycles per minute, a cycle being defined as picking an object, raising it 25 mm, moving it 300 mm, lowering it 25 mm to place the object, then returning in the same pattern to pick the next object.  Due to their design, spider robots are ceiling-mounted in their applications and operate most often in a 1-m cylindrical workspace.

Articulated Advantages
Articulated robots for high-speed applications were introduced in 2006. “FANUC Robotics’ five-axis, M-430iA/2F is a revolutionary new design in high speed robots.  It’s articulated, and optimized for high speed, sustained picking and packing.  Capable of running at 120 cycles per minute, it offers tremendous advantages over spider robots in this segment,” said Vispute.  The M-430iA is the first and only robot to achieve USDA acceptance.

A constraint in the delta-style design of spider robots is handling heavier payloads. “One of the things that was compromised in designing spider robots was after you started having more payload on the robot, the speed dropped off drastically,” added Vispute. “Also, it’s difficult to handle longer or bigger products due to moment and inertia restrictions on the wrist axis. But for an articulated robot, you can have a more powerful motor driving the wrist by direct drive. That gives you the opportunity to handle bigger and heavier product, such as frozen foods or ice cream cases.” 

Hartness VISY Automation’s Job says flexibility is more important than payload in the food business. “It comes down to flexibility,” he says. “The flexibility of an articulating robot is far greater than a delta robot. Based on mounting locations, either a pedestal, floor, ceiling, or wall mount. When you take all that into consideration, you have a lot more flexibility in how you set up your line. If I can go floor mount versus ceiling mount, the costs of my system are greatly reduced because I don’t have this massive structure over the top.”

Sanitation Critical
Increased concern with food safety is causing some companies to rethink spider robots in handling food. As spiders can only be ceiling mounted, any debris or contamination has only one direction in which to go - down toward the conveyor. In addition, because of their design style, spider robots often feature external hoses for vacuum grippers or electrical lines. 

One of the most glaring design shortfalls with spider robots where food is concerned is the appearance of external springs at arm joints. “I’d say a spring that expands and could collect contaminants and then collapses and hides them is bad for cleanability and inspectability; two key measures of sanitary design,” Motley says.  By contrast with the spider design, articulated robots, meaning serial linked such as FANUC’s M-430iA/2F, can be pedestal-, wall- or floor-mounted so that only the slim arm extends into the food environment, greatly reducing the potential of contamination.  
Most robots designed for the food market feature an IP67 rating for the entire robot. IP ratings are a part of international IEC (International Electrotechnical Commission) standards, known as “intrusion protection” ratings. An IP rating of 67 means complete protection against any ingress of dust (specified by the first digit) and the ability to be completely immersed in water with no ingress of water (specified by the second digit). Food grade robots also have smooth external surface finishes meaning that there are no retention areas for food particles or bacteria. In addition, the new articulated robot designs for the food industry feature a completely hollow arm that encloses air, and electrical utility lines. This enclosed, sealed construction can withstand powerful acid and alkaline food-industry cleaners as well as washdown with pressurized water without the need for disassembly.  In short, articulated robots are easy to clean and inspect. 

Line maintenance in the food industry is another issue for the spider robot’s design. “Even if it’s timed, programmed maintenance, there’s always a chance of the grease dripping down into the picking region. This is very difficult sanitation-wise,” says Vispute.  “In contrast, floor-mounted articulated robots can be jogged away from the picking region during maintenance.” 
 “With a slim arm, newer articulated food robots allow customers to design more compact cells compared to spider robots.  In addition, the fifth axis adds to the dexterity, enabling the robot to pick from a horizontal conveyor and place product into an inclined case,” says Vispute. 
Future Growth
While growth in traditional automotive and general manufacturing markets may have slowed for the present, the food and beverage industry represents a current bright spot. Gary Zywiol, Vice President of Product Development at FANUC Robotics, says, ‘‘FANUC Robotics is seeing an increase in robotic food handling, especially by big customers. Due to Food and Drug Administration (FDA) requirements for cleanliness, food handling robots have to be able to withstand caustic cleaning and must be able to be hosed down. Robots are increasingly used upstream for handling the food itself because manufacturers are pushing for robots that can directly handle foods.”
FANUC Robotics’ integrated vision package (built-in vision) allows food companies to incorporate visual line tracking into their robotic setups without the need for external PCs.  Motley adds, “The challenges are that a lot of existing food-industry processes are predicated on manual labor. You send product through a freeze tunnel and it goes through several conveyor transitions inside the freeze tunnel, and when it comes out it’s scattered all over the place. It kind of defies conventional automation. So, the flexibility and intelligence of a robot that can integrate high-level functions like vision and line tracking, and suddenly you have a robot that can mimic hand-eye coordination and start picking random product off of a conveyor. There are not too many traditional automation technologies that can accomplish that.”                    
