Material Handling


Handling and storing materials involve diverse operations such as hoisting tons of steel with a crane; driving a truck loaded with concrete blocks; carrying bags or materials manually; and stacking palletized bricks or other materials such as drums, barrels, kegs, and lumber.


The efficient handling and storing of materials are vital to industry. In addition to raw materials, these operations provide a continuous flow of parts and assemblies through the workplace and ensure that materials are available when needed. Unfortunately, the improper handling and storing of materials often result in costly injuries.

In-Plant Industrial Trucks



This category includes electric rider trucks, electric narrow aisle trucks, electric hand pallet trucks, cushion tire internal combustion trucks, and pneumatic tire internal combustion trucks. These trucks are used for moving either mixed or uniform loads intermittently over various paths. While these paths can be somewhat random at the discretion of the driver, the paths are restricted to suitable indoor or outdoor surfaces. Industrial trucks provide not only a means of transporting materials, but also provide a means of accurate lifting and stacking. Appropriate tooling for the truck permits users to lift not only pallets, but a wide array of specialized loads. For example, rolls of carpet are easily moved via industrial truck by replacing standard forks with a single tube. The dock equipment discussed in this section includes dock levelers and truck restraining devices. Both of these equipment types support the use of industrial trucks for loading/unloading.

Powered Trucks



Industrial electric motor trucks can be found in almost any manufacturing plant, loading dock, or warehouse. Although they are made by a variety of manufacturers for diverse purposes, including some highly specialized applications, they can be classified into five general groups electric rider trucks, electric narrow aisle trucks, electric hand pallet trucks, cushion tire internal combustion trucks, and pneumatic tire internal combustion trucks. Electric rider trucks are general purpose trucks and are used primarily indoors. These trucks can lift up to 6 tons and up to 18 feet in height. Electric narrow aisle trucks are used in narrow aisle applications. These trucks are used primarily for storage/retrieval in applications similar to AS/RS functions. They can easily lift loads from 2,000 to 4,500 pounds to heights of 40 feet. Narrow aisle trucks can be further subdivided into standard trucks, high lift straddle trucks, side loaders, swing mast trucks, and convertible turret/stock pickers. The names of these devices are indicative of their function. Electric hand pallet trucks are generally used for indoor applications and can handle loads up to 4 tons. These trucks are perfect for situations in which material is to be moved from one location to another without the need for lifting more than a few inches. For example, this type of truck is commonly used in grocery stores to move pallet

loads of cans or boxes to a display location within the store. An added convenience is that the operator can move among customers in the store safely and without obstructed views. Internal combustion trucks add the advantage of outdoor use. They can lift 2,000 to 15,000 pounds with some specialty trucks lifting up to 50 tons. They can lift up to 20 feet in height and can operate on gasoline, LP-gas, or diesel fuel. 

Non-Powered Trucks


These trucks provide low cost material handling alternatives for some applications. They are best suited for moving lightweight loads over relatively short distances.

Non-powered hand trucks


Non-powered hand trucks are used in many situations. They are inexpensively manufactured for diverse and specific applications. Common construction materials include aluminum/magnesium, steel, and wood. Because these trucks are so inexpensive, it makes sense to design them for specific material handling functions. In this way, it is possible to increase the cube utilization within the truck for material handling optimization. Aluminum or magnesium trucks generally carry 300-500 pounds of material, while steel or wooden trucks can be used to carry approximately 1000 pounds to 2000 pounds, respectively. The trucks range in weight from as little as 20 pounds for aluminum trucks to as much as 125 pounds for wooden trucks.

Non-powered hand pallet trucks



These trucks are designed to carry unit loads on pallets from one location to another, generally in indoor settings. Because unit loads can be quite heavy, the distances transported using this type of equipment is generally short. In many settings, hand pallet trucks are used to supplement motorized truck fleets. They are extremely efficient for transporting unit loads short distances when high lifting is not required. They can be used to position materials very precisely. Generally speaking, non-powered hand trucks cannot be used to lift more than 8,000-10,000 pounds and cannot lift a unit load to a height more than 8 inches. For heavy duty applications, steel wheels are required while lighter duty applications require only nylon or polyurethane construction. These trucks can range in weight from 200 to 400 pounds.

Dock Equipment


Dock leveling equipment and truck restraining devices both are necessary components to ensure safe and efficient use of industrial trucks.

Dock Levelers


These are the devices that equalize the height of the rear of a trailer to the dock’s height. Powered applications make use of electric or LP-gas motors and can have a load capacity from 2,000 to 30,000 pounds. Non-powered dock levelers can be used when the difference between dock and trailer height is less severe. If the difference between the dock and the trailer is less than approximately four inches, non-powered dock levelers can be used with a wide variety of industrial truck types, including hand pallet jacks. Even so, the length of the leveler would likely need to be approximately 12 feet in length to produce an acceptable grade for hand trucks. Using gas or electric lift trucks, a leveler of less than 3 feet would be acceptable. Electric pallet jacks are feasible for height differentials up to 10 inches, electric lift trucks are feasible for height differentials up to 12 inches, and gas lift trucks are feasible for differentials up to 18 inches, provided that the leveler is of sufficient length, say 12 feet. Height differentials are not the only factors to be considered when selecting a leveler. Other less obvious considerations include truck tailgate differences, the degree of loading/unloading activity, the speed of operation required, and various personnel factors. Also of interest are environmental factors such as heat & cold retention and the corrosiveness of the applications. Certainly, designers should also decide about the level of desirable investment given the status of the building in terms of leasing versus owning the property.



Dock levelers are further subdivided into four types in order of decreasing loading rating: released, vertical, edge-of-dock, and front-of-dock. Released levelers can handle up to 40 tons while front-of-dock levelers generally handle 15,000-20,000 pounds. Front-of-dock levelers are generally hard to remove and are therefore not recommended for buildings with a short duration lease. 

Truck Restraining Devices



Truck restraining devices include wheel chocks, trailer constraints, and automatic chock devices. Their function is to prevent the trailer from moving during loading or unloading, or to prevent the truck from leaving the dock until authorized to do so from a safety viewpoint. Wheel chocks are very inexpensive and very effective and they are OSHA approved safety devices. They are used in applications from warehousing to airports. In fact, wheel chocking is one of the first activities performed when an airplane arrives at a terminal building. Even for huge aircraft, chocking is a cost effective way to achieve passenger safety. Chocks are generally made of laminated or molded rubber or wood and are wedged under tires. Although cost effective, chocks can have some disadvantages. For example, they are easily forgotten or lost, they require labor for correct placement, they reduce productivity of dock attendants by adding an extra step to vehicle arrivals and departures, and they can be ineffective in bad weather or on some surfaces.


Trailer restraints are permanent fixtures holding the trailer at the dock using the ICC (Interstate Commerce Commission) bar. Designs range from manual and low cost to automatic and high cost.

Automatic chock devices perform the same function as trailer restraints, but do not rely on the trailer’s ICC bar to secure the trailer to the dock. These devices are stored in the driveway and raise to hold the wheels in place. Both are extremely effective in terms of ensuring that the vehicle remains in place until unsecured. Factors to consider when selecting any restraining device include the following. They should have clearly visible hooking devices. They should provide constant engagement. They should support clear communications and should be durable. Components should be designed for their environment in terms of rust and corrosion and should be sealed against dirt. Furthermore, they should be easy to maintain and should allow for integration opportunities with other systems such as alarm systems or production/shipment supervisory programs.

Fixed Path Conveying
Fixed path conveyances are advantageous for periodic and continuous transport of material between locations in warehouses and factories. They are also used to accumulate goods, store packages, change elevations, and provide a continuous work surface on which progressive assembly or processing can be performed. Consider the factors below when developing conveying systems: 

Conveying Systems Planning Criteria

1. Product size and weight (or container characteristics if used)

2. Distance

3. Control requirements

4. Flow rates

5. Obstructions and facility limitations

6. Human factors, including noise

7. Environment

Gravity Conveyors


These conveyors are the simplest and usually least expensive. They are useful where material is moved for short distances and movement requirements are simple. Three common types are chutes, skate wheels, and rollers. They are often used in conjunction with powered systems. Pros and cons are listed below:
Gravity Conveyors

	Advantages
	Disadvantages

	1. Excellent for elevation drops
	1. Less control of products on long runs,

	2. Low initial and operating cost
	including failure to move once stopped.

	3.Quieter operation than powered conveyors
	2. Impractical for fragile products that are

	4. Low maintenance
	damaged by bumping or crashing.

	5. Low profile
	3. Singulation and non-contact difficult.

	6. Easier to manually move products
	4. Tend to increase the work in progress.

	7. Unlimited configurations allow use for wide
	5. High pitch requirements


Horizontal Powered Conveyors



These are used to move material over moderate to long distances.

Live Roller

This type of conveyor is used for a variety of applications, loads, and environments; but they are typically used for 30-50 lb.ft loads in warehouses. They can provide brief periods of product accumulation or dwell points. Live rollers can handle up to 10,000 lbs and can carry irregular shaped containers. Live rollers are classified by their drive method, listed below. Some disadvantages are:

1. Higher cost due to construction materials.

2. Product slippage on rollers requires frequent tracking updates and diverter timing.

3. Products cannot negotiate inclines over 7 degrees without manual assistance.

4. Power surges when accumulating on driving rollers; disrupting product spacing.

Powered Roller Conveyor Type

Criteria Flat Belt V-Belt Cable Line Shaft Chain

Load Capacity


These conveyors are used to regulate the flow of products into downstream operations by providing a temporary buffer for excess products. Selection criteria depends on specific applications. Proper product alignment is required when using accumulation conveyors. Various releases are available, depending on conveyor speed. Three types of powered accumulation conveyors are:

1. Zero-pressure. The line pressure (horizontal pressure between products) is eliminated.

2. Non-contact. Products are always separated from each other.

3. Minimum pressure. Some line pressure is allowed (2 to 3% of total net load).

Slider Bed/Roller Bed Conveyors


The slider bed consists of a moving belt operated across a steel support bed. The roller bed is a belt supported by rollers. The slider bed is the least expensive powered conveyor, but handles less loading than the roller bed. Roller beds require more power than live rollers. Belt conveyors offer stable support, are used for heavy loads, and can be operated at high speeds. The belt conveyors maintain product spacing to allow excellent material tracking. These conveyors are also used for inclines and declines of up to 30 degrees (and can be combined in a single conveyor). Belt conveyors are not used to accumulate  products, but they can start and stop and they can be used to meter products at the exit of an accumulator conveyor.

Roller Curves and Belt Turn Conveyors

Curves and turns are used to change the direction of material flow. Roller curves are less expensive than belt curves and they are the most common. They can be self powered or slave driven. Belt curves are used to maintain product orientation and spacing. The flat surface also allows handling of smaller, irregular sized products.

Powered Overhead Conveyors



Powered overhead conveyors are used when system flexibility is desired or floor space is congested because material flow paths are easily established and altered and obstructions are minimized, enhancing freedom of movement. Additionally, drives and other equipment are offered some protection from the environment on the floor.
Criteria Description

	Load Capacity (lb.) 200 to 500 typical
	 up to 10,000 (heavy duty)


	Operation (manual or automatic)
	Either push-button or automatic

	Requires safety interlocks
	Either electrical or mechanical

	Maximum dimension of load
	Is an important decision factor


Variable Path Conveying

This group of material handling devices is used to transport material over a variety of routes through a facility. Typically, a system consists of a number of discrete carriers which are capable of independent movement. Two main types of systems will be considered: automated guided vehicles and monorails. A third type of delivery mechanism, pneumatic tube system, will be described for specialized applications, such as moving bulk solids.

Automatic Guided Vehicles (AGV)


Automatic guided vehicle is a vehicle equipped with automatic guidance equipment that is capable of following prescribed guidepaths, either physical or residing in software, to transport material between various points in a system. Some advantages of these systems include:

1. Most AGVs load and unload automatically.

2. They can transport materials of many different sizes and shapes.

3. They efficiently interface with other equipment, thereby, providing physical integration.

4. They are well suited to operate under computer control, allowing the control system to know the location of all materials at all times.
Monorails



Monorails are self-powered vehicles riding on an overhead track. These systems provide flexible transport of material without using valuable floor space. They are being used increasingly in the automation of fabrication, finishing, and assembly operations; but usually these systems are used in batch operations. Some advantages associated with this type of equipment are:

1. They are capable of higher speeds than other transportation options (up to 500 fpm on straight runs). Therefore, they can be used to make deliveries on demand.

2. High speed and low cost tracks compared to overhead conveyors.

3. Queuing capability.

4. Could have bi-directional carriers.

5. Easy interfacing with other equipment.

6. They provide quiet running and clean carriers that are individually powered and controlled.

7. They also provide greater flexibility for expansion and layout changes.

Cranes

Five different types of cranes are: single girder bridge cranes, double girder bridge cranes, single girder gantry cranes, jib cranes, and overhead stacker cranes.

Characteristics of these cranes includes maximum span, maximum lifting capacity, maximum height, maximum bridge, trolley and hoist speeds, and the type of use for which they are suitable.


Single girder bridge cranes generally have a maximum span between 20 and 50 feet with a maximum lift of 15-50 feet. They can handle 1-15 tons with bridge speeds approaching a maximum of 200 feet per minute (fpm), trolley speeds of approximately 100 fpm, and hoist speeds ranging from 10-60 fpm. They are candidates for light to moderate service and are cost effective for use as a standby (infrequently used) crane.


Double girder bridge cranes increase the permissible span by a factor of two to 100 feet. The lift height is approximately the same as for the single girder bridge crane. Double girder cranes are faster, with maximum bridge speeds, trolley speeds and hoist speeds approaching 350 fpm, 150 fpm, and 60 fpm, respectively. They are the fastest of the five crane types considered herein. They are useful cranes for a variety of usage levels ranging from infrequent, intermittent use to continuous severe service. They can lift up to 100 tons.


Gantry (single girder) cranes represent a usage compromise between single girder and double girder bridge cranes with uses that range from light service to heavy service. Their maximum span range is from 30-80 feet. The maximum lift height is approximately 40 feet with up to 100 tons in lifting capacity. 
Bridge, trolley, and hoist speeds are as much as 250 fpm, 150 fpm, and 60 fpm, respectively. 

Jib cranes are not strong for heavy or severe use. They are best suited for light to moderate service. Their maximum span is only 20 feet or so with a lifting height of about 25 feet and a capacity reaching to 10 tons. The jib crane is not bridge mounted, but trolley and hoist speeds approach 90 fpm and 30 fpm, respectively.


The overhead stacker crane is a used for light to heavy service, like the gantry crane. This type of crane offers bridge speeds of 150-300 feet, trolley speeds of 75-150 feet, and hoist speeds of 15-30 feet. The maximum load capacity is 5-30 tons for most commercially available systems and the maximum lift height is generally 20-40 feet. The maximum span is comparable to that of the double girder bridge crane, reaching 30-100 feet.

In terms of cost, jib and single girder bridge cranes are most economical but are not suitable for heavy or severe operations. Double girder bridge and single girder gantry cranes are in the mid-price range with increased usage capability (the double girder bridge crane offers the greatest usage flexibility). The overhead stacker crane is generally the most expensive of the five.
Electric Hoists


Industrial hoists are widely used for lifting. They are generally inexpensive and reliable. They increase the safety associated with lifting and enable the movement of much larger unit loads than would be possible with many other economical lifting options. An electric hoist can be defined as a suspended machinery unit using wire rope or chain for vertical lifting or lowering of freely suspended unguided loads. Because the primary reason cited for hoist failure is the failure to consider the duty environment of the hoist, it is useful to consider duty factors in the hoist selection process.


Five duty cycle classes that include infrequent or standby use, light use, standard use, heavy use, and severe use. Infrequent or standby use can be defined as a system that is busy 12-25% of the time with 75-100 starts per hour. Light use can be defined similarly but with different usage types.


For example, power houses and utilities with infrequent handling could be considered infrequent, while light machine shops and fabricating industries could be considered light usage. Standard usage could be defined as a hoist that is busy 25-50% of the time with 150-200 starts per hour. General machine shops, fabrication shops, assembly, storage and warehousing all could make use of standard hoists. Heavy usage hoists are likely busy approximately 50% of the time with up to 300 starts per hour. High volume handling in steel warehousing is an example as are some machine shops, fabricating plants, mills and foundries. Finally, a hoist can be considered severe in its use if it is used close to 100% of the time with up to 600 starts per hour. This type of hoist could be useful in bulk handling of material in combination with buckets, magnets, or other heavy attachments.

Unitizing Systems


Unitizing systems refer to systems for the creation of the unit handling load. Usually, unitizing systems must be carefully considered in the shipping, receiving, in-process handling, and storage activities associated with manufacturing and/or distributions systems. The type of unitizing system that is appropriate for a given application depends on the form of the unit load, e.g., pallets, containers, etc., as well as the physical characteristics of the material being handled. Palletizers are systems for consolidating unit loads onto pallets. These systems are often used in conjunction with systems for stabilizing palletized unit loads such as stretch wrappers, strappers or shrink wrapping systems. 

Pallets


Pallets are probably the most common platform for moving unit loads. Perhaps the most obvious area of concern associated with the use of pallets today involves cost and quality tradeoffs. Poor quality pallets annually cost industry billions of rupees in the form of product damage, lost productivity, and damaged handling. A key decision affecting the overall life cycle cost of pallets is the materials used in their manufacture which can include wood, pressed wood fiber, corrugated fiberboard, plastic or metal. More wooden pallets are sold each year than any other type due to the versatility, low cost, biodegradability and recyclability of this material. Pressed wood fiber is a combination of wood fibers and organic resins which eliminates the need for nails and enables the molding of pallets into more space efficient designs.


Disposable, corrugated fiberboard pallets can be made of recycled paper materials and provide a light weight, low cost alternative for one way shipping when loads do not need to be stored outdoors. Durable plastic and metal pallets may provide the low cost alternative over the full pallet life cycle despite their high initial cost. Both of these materials are recyclable, can be sanitized for clean applications, and can be used in the most demanding applications. The table in this section summarizes some of the tradeoffs associated with different materials used for the manufacture of pallets and the typical applications associated with each.
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