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Chapter 1

Material Handling — The Common Denominator

What Is Material Handling? How of it, material handling can be found
does it affect me? in almost every facet of our daily
Although we are not always aware lives, as well as in commerce and in-
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Fig. 1-1
Simple examples of material handling can be readily found in various aspects of our everyday lives.

dustry. Actually, very little of our
modern lifestyle would be possible
without some form of handling —
moving, lifting, transferring, and stor-
ing of goods and materials, Fig. 1-1.
One broad definition of material han-
dling calls it the art and science of
moving, packaging, and storing of
substances in any form.

Your grocery supermarket pro-
vides numerous examples. Goods in
cartons and cases are transported by
hand trucks to shelf locations, where
individual items are placed in stock.
Order pickers (customers) select de-
sired items and place them in carts
for transport to a final inspection sta-
tion (checkout counters). Here,
scanners may be used to identify
merchandise and unit price, and
scales are used to help determine
total costs. After packaging (bag-
ging), the materials are shipped (by
family car) to the point of use (the
home), where they are received, un-
loaded, and placed in storage or
routed to the kitchen for processing.

Conveyorized handling of your
luggage at the airport is another
example of material handling at
work, as is the pneumatic system
that transfers money and receipts be-
tween your car and the drive-in bank
teller. Mechanized handling of medi-
cal supplies, food, and clothing is be-
coming a familiar scene in hospitals.
Retail furniture warehouses provide
excellent examples of handling
equipment, including high-rise stor-
age racks and narrow-aisle lift trucks.

At work, the mail cart pushed by an
office clerk represents a simple
manual handling activity. A more so-
phisticated version is the automated,
driverless mail cart (automatic
guided vehicle) that follows a pro-
grammed signal path in the floor.

Ages ago, primitive man also used
material handling techniques, when
he learned to move heavy objects on
rolling logs. Early records show
many uses of simple levers and
slings. Handling was already well-
advanced in ancient Egypt, and
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further developed in Greek and
Roman civilizations. Uses of tread-
mills, cranes, pulleys, and other de-
vices are well-documented in
medieval literature.

The Industrial Revolution brought
further material handling devel-
opments, and the fledgling auto-
mobile industry made giant handling
strides in the early 20th century with
conveyors and mechanical assembly
lines.

It was not until World War |l that
material handling began to mature as
a discipline, and to grow at a rapid
rate. Manpower shortages caused by
the war effort forced the develop-
ment of mechanical methods for
handling unit loads, and a major
symbol of material handling — the
fork-lift truck — came into its own as
a versatile labor-saving tool.

Material Handling in Industry
Fig. 1-2. Today, material handling
equipment and systems have be-
come indispensable in almost all
plants and warehouses. Types of
handling equipment range in size
and complexity from a simple cart or
two-wheel hand truck to large,
computer-directed, integrated sys-
tems for storing, retrieving, and
handling.

The purpose of material handling

forming the necessary ones as effi-
ciently as possible. An old saying is,
“The best handling is no handling at
all.” However, that is an ideal that
can never be achieved. Goods and
products always have to be received,
sorted, counted, moved, stored, pro-
cessed, and shipped. The key is how
effectively these activities are carried
out. When performed inefficiently,
handling can be a costly expense.
On the other hand, when well-
planned and implemented, it can
boost productivity substantially.

Depending on the nature of the in-
dustry, material handling may ac-
count for 30 to 75 percent or more of
the cost of making a product. Yet its
effect is often obscured by that of
other, more familiar functions or dis-
ciplines. Thus, what is in reality a ma-
terial handling problem may be per-
ceived as a production problem, or a
problem associated with inventory or
quality control.

There are a number of telltale
signs of material handling problems
in a plant. Let's take a walk through
your plant. Do you see cluttered
docks? Excess manual effort?
Wasted space? Obstructed aisles?
Disorganized storage? These are but
a few of the symptoms of ineffective
material handling, Fig. 1-3. They are

Fig. 1-2

equipment and techniques is to pro-
vide needed materials at the right
place and right time. This goal should
be accomplished by maximizing
space utilization and minimizing the
number of handling steps, while per-
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also opportunities for cost savings
that should not be overlooked!

A Tool for Cutting Costs Here
are a few brief examples of how ma-
terial handling has been put to work
to cut costs at several facilities.

Receiving Dock Congestion

Problem: Bottlenecks occurred at
drop zones in receiving area, where
incoming materials were placed
temporarily. Goods were difficult to
keep track of, and confusion was be-
coming critical. It appeared the com-
pany needed more floor space and
additional docks.

Solution: Three parallel lanes of
gravity roller conveyor, served by a
rail-mounted transfer car, were in-
stalled. All incoming materials are
placed on one of the three lanes, de-
pending on priority, and are moved
away from the immediate dock area.
At the end of a lane, the transfer car
moves loads onto another conveyor
leading to inspection. Cost of the
manual system was minimal. Receiv-
ing congestion was ended, and the

N

Symptoms of Inefficient
Material Handling

Backtracking in material-flow path

Built-in hindrances to flow

Cluttered aisles

Confusion at the dock

Disorganized storage

Excess scrap

Excessive handling of individual
pieces

Excessive manual effort

Excessive walking

Failure to use gravity

Fragmented operations

High indirect labor costs

Idle machines

Inefficient use of skilled labor

Lack of cube storage

Lack of parts and supplies

Long hauls

Material piled up on the floor

No standardization

Overcrowding

Poor housekeeping

Poor inventory control

Product damage

Repetitive handling

Service areas not conveniently
located

Trucks delayed or tied up

Two-man lifting jobs

Fig. 1-3



size of the area reduced from 14,000
sq. ft. to 7,800 sq. ft. No added docks
were needed, and the number of lift-
truck operators was reduced from
five to two.

Inefficient Storage

Problem: Machine operators con-
stantly had to wait in long lines to get
needed items from a plant tool crib.
The crib housed up to 7,000 tools,
accessories and equipment, worth
about $100,000, in various bin loca-
tions. The area had grown in
piecemeal fashion as plant opera-
tions grew, without any overall sys-
tematic planning. Over 450 operators
had to face long waits at the crib an
average of two or three times a day,
for a total of more than 1,000 issues
per shift.

Solution: The entire crib area was
overhauled by organizing parts stor-
age in a system of modular drawers
equipped with adjustable dividers.
The company saved 1%z min. of av-
erage issue time per item, or 33% hr.
per shift. The number of crib attend-
ants was reduced from five to three,
and required storage space was cut
from 700 to 350 sq. ft. The process of
taking a complete inventory was
slashed from 20 man-days to four.
Cost of the new system was almost
$17,000, but the investment was re-
covered in only 14 months.

Fragmented Operations

Problem: Warehousing operations
were becoming too scattered and
spread out to efficiently service pro-
duction and distribution needs for a
major multi-plant manufacturer. As
the company grew, various off-site
locations were leased, and effective
material control was becoming in-
creasingly difficult to maintain.

Solution: The company centralized
all warehousing operations in one
computer-controlled, high-rise stor-
age and retrieval facility. The system
utilizes nine 54-ft.-high storage/
retrieval (S/R) machines and 3,400
ft. of conveyors. An investment of
over two million dollars was involved,
but by consolidating and automating
warehousing in a single location, the
company was able to reduce operat-
ing costs by 20 percent. In addition,
external trucking was cut 48 percent
and internal trucking 45 percent.

Total space requirements were cut
38 percent, leased facilities were
eliminated, and product damage was
reduced significantly.

Broad Application Those few
examples illustrate the fact that ma-
terial handling can be a major tool for
cost reduction, whether it be in a
small application involving a few
hundred dollars of investment, or in a
large multi-million-dollar complex.

And, the opportunities for putting
this cost-cutting tool to work exist in
almost every area of a facility, from
the receiving dock on through to the
shipping area. In each case, appro-
priate equipment should be used to
help reduce manual effort and in-
crease efficiency of the operation.
Here are some typical ways material
handling equipment may be used in
different areas of the plant:

Receiving Fig. 1-4. Incoming
goods are received from trucks or
railcars and moved over dockboards,
then transferred into the plant by lift
truck or conveyor.

Inspection Fig. 1-5. Typically, in-
coming materials are inspected to
verify contents and quantities. The
inspection may be a simple, visual
task, or it may involve the use of
scales, conveyors, or code-reading
scanners. Whether the process is
simple or complex, handling is an in-
tegral part.

Storage Fig. 1-6. In many cases,

inspected materials are placed in a
waiting or storage area prior to use.

Racks, shelves, drawers, bins and
other storage equipment can be
used to store materials in an organ-
ized, efficient manner.
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Retrieval Fig. 1-7. Good storage
procedures require that material be
accessible and easily retrieved when
needed. Various types of equipment
can be used in bringing goods out of
storage, such as carts, lift trucks,
hoists, cranes, and automated
storage/retrieval machines. In some
cases, the same item of equipment
may also transport the materials to a
work station, assembly line, or other
point of use.

Processing Fig. 1-8. The number
of handling steps each part or item
undergoes begins to increase rapidly
as it moves to manufacturing and
processing departments. Materials
may be brought by lift truck or other
equipment to individual work sta-
tions, or they may move continuously
past work stations on a conveyor
line.

During processing, the item may

be lifted by a hoist, transferred by a
conveyor, pushed by a gate, carried
or stacked in a container, positioned
and processed by a robot, or merely
moved by hand. Often, materials
must be stored or held up between
operations. And, in-process and final
inspections are frequently required.
In all these activities, there often are
opportunities for simplifying, combin-
ing, or eliminating handling steps.

Packaging Fig. 1-9. After proces-
sing, finished goods must be pack-
aged for shipment. They may be
packaged as individual items, or
combined into unit loads, on pallets
or in large containers. The interaction
between packaging and other han-
dling operations should be planned
thoroughly in advance.

Shipping Fig. 1-10. The operating
cycle is completed as goods move
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Fig. 1-9

out onto the shipping dock for load-
ing onto trucks, railcars, or other
means of transport. In effect, the op-
erations here are the reverse of
those at the receiving dock. Although
receiving and shipping activities may
be combined at one dock in some
plants, in others the areas are sepa-
rated by great distances and are
served by different crews.

Support Activities In an industrial
plant, material handling is not con-
fined to just those activities that are
directly related to the making of a
product. A great deal of handling also
is involved in various support ac-
tivities, such as maintenance, con-
struction, and equipment installation.
Pollution control is another excellent
example. Waste materials from the
plant and office must be collected,
compacted, and shipped out, or pro-
cessed for recycling, Fig. 1-11.
Liquid wastes can be drummed and
removed under contract, and within
increasingly stringent government
regulations.

Distribution Fig. 1-12. Handling of
a product does not stop once it
leaves a plant. In many cases it is
sent to a central warehouse or dis-
tribution center. Here it is unloaded,
stored, and combined with other
items as orders are assembled,
packed, and shipped. A broad range
of equipment and systems is applied
to warehousing and distribution
applications depending upon re-
quirements.
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Fig. 1-13

A Safety Aid Good material han-
dling can help improve the safety of
an operation, by reducing or eliminat-
ing strenuous manual effort, and
providing an organized and discip-
lined way of getting things done. Var-
ious classes of handling equipment
from reputable suppliers incorporate
safety devices designed to protect
the operator from injury.

Selection Factors Fig. 1-13. Ob-
viously the type of equipment used
for a specific application may range
from a simple hand cart or gravity
chute to a programmable robot or a
high-rise, automated storage and re-
trieval system under computer con-
trol.

In order to use equipment effec-
tively, one must realize that in most
cases the solution to a material han-
dling problem does not consist
merely of selecting a particular piece
of hardware, such as a section of
conveyor. Handling should not be
looked upon as an isolated activity.
Rather, it should be viewed as part of
an overall system, with all activities
interrelated and meshing together.
Only on this basis can the best over-
all type of equipment or system be
chosen.




Chapter 2

Scope and Objectives of Material Handling

Properly applied material handling
can improve operations in the follow-
ing ways:

Reduced Costs The cost of an
operation can be reduced by elimin-
ating unnecessary or repetitive han-
dling, and by integrating handling
steps with material flow through the
plant.

Reduced Labor Good material
handling practices will avoid strenu-
ous manual effort and will usually re-
duce labor overhead.

Increased Safety Reducing
strenuous labor and unsafe manual
tasks increases the safety of an op-
eration. Mechanized systems
equipped with safety interlocks can
reduce operating hazards signifi-
cantly. And, safety is enhanced when
activities are performed in an organ-
ized, planned manner.

Increased Capacity Material
handling can increase the capacity of
an existing facility by efficiently using
available space for work and stor-
age, promoting effective inventory
control, and increasing throughput
with mechanized equipment.

Reduced Waste Better in-process
handling will improve product quality,
reduce scrap, and minimize damage.
Efficient handling also reduces waste
by improving inventory control.

Improved Service Better handling

methods will help serve customers
more efficiently, ensuring that their
supplies arrive when needed, and
with a minimum of damage.

Higher Productivity Effective ma-
terial handling will increase em-
ployee productivity, improve ma-
chine utilization, and help make a
firm more competitive.

Types of Materials Handled

What is the “material” in material
handling? It can be any substance
from which a product is assembled or
packaged for further processing or
sale. There are two broad categories
— units and bulk materials, Figs. 2-1
and 2-2.

Units or Items These are sepa-
rate, individual parts, goods, or as-
semblies, which can include car
bodies, engine blocks, bottles, cans,
packages, cartons, crates, tennis
balls, pallet loads of bricks, shoes,
nuts, bolts, dresses, or airplane
wings.

Bulk Materials Generally these
substances are stored and handled
in volume, often in unpackaged form.
Examples include dry powders,
granules, and lumpy materials, such
as coal, fertilizer, plastic resin, sulfur,
and salt. Bulk materials also may be
liquids, such as oil, solvent, and a

variety of petroleum products and
liquid chemicals.

Obviously, handling procedures
and types of equipment to be used
depend on the nature and configura-
tion of the material, as well as its role
in the manufacturing or distribution
scheme.

All industries are involved in mate-
rial handling in various ways. Typical
industries in which material handling
plays a major role include manufac-
turing, metalworking, chemical pro-
cessing, petroleum refining, mining,
warehousing and distribution, food
processing, and power generation
and distribution.

Elements of Material
Handling

Although the nature of the mate-
rial, the handling approach, and the
type of equipment used will vary
widely, there are certain elements
that are common to solving any ma-
terial handling problem, and which
must be included in any handling
analysis.

Basic handling elements include
motion, time, quantity, and space.
Materials must be moved from point
to point during processing and pack-
aging. Further, they must be handled
within certain time constraints. Parts

Fig. 2-1
Examples of unit handling.
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Fig. 2-2
Examples of bulk handling.

must be provided at work points
when needed, and in the quantities
required. Finally, all handling,
whether involving movement or stor-
age, must be accomplished within
the space available in the depart-
ment or plant building.

A good way to begin evaluating a
material handling problem is by con-
sidering the classical “Material Han-
dling Equation”: Why? = What? +
Where? + When? + How? + Who?

The first question to be answered
is “Why? are we contemplating this
activity in the first place? What is the
objective?” It may be merely to move
one item from point A to B within a
corner of the plant, or it may be to
provide a major warehouse center
that will serve computer-linked dis-
tribution points throughout the
country.

Example: One firm noted recently
that a great deal of time and effort
were being expended on receiving
inspections for certain types of raw
merchandise. The incoming mate-
rials had to be placed in a waiting
zone, then moved to an inspection
area, inspected, and moved to stor-
age prior to processing.

A thorough study of inspection re-
cords and vendor reliability history
revealed that little was being accom-
plished with receiving inspection for
this particular category of materials.
It was something that simply “had
always been done that way in the

/4
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past.” Eliminating this step saved a
great deal of space and personnel
time, and eliminated rehandling —
simply by asking the question, “Why
are we continuing to perform this par-
ticular operation?”

“What?" refers to the type of mate-
rial to be handled, as classified by
group, type, and physical charac-
teristics. Typical classifications are
shown in Table |I.

Example: A major plastics manu-
facturer stored bulk quantities of var-
ious grades of plastic resin (powders
and pellets) in large silos equipped
with conical hopper bottoms. The
discharge opening at the bottom of
each of the identical silos was sized
to fit the dimensions of a rotary valve
which fed into a pneumatic conveyor.
Equipment design was based on
tests conducted on samples of mate-
rial the plastic company provided to
the silo manufacturer.

The system worked fine for a few
days at a time, but then bridging in-
evitably occurred, material stopped
flowing, and production was halted.

Engineers finally determined that
the operation only worked well with
one or two grades of material. With
the other grades, material flow was
erratic at best, and flow stoppages
were likely, particularly when atmos-
pheric humidity was high.

The mistake this plant made was
to treat different product batches as
though they contained identical ma-

terial. In reality, there were different
grades of product, with different de-
grees of moisture content, and mate-
rial flow characteristics varied widely
among different batches. As a result,
the existing handling system worked
well for some batches, but not for
others. Thus, the question “What?”
had not been fully answered when
the equipment was selected.

“Where?"” describes the move.
Data include the travel path, distance
to be moved, and equipment and
building limitations to movement.

Example: Consider the two alter-
native ways of handling a bulk raw
material ingredient in Fig. 2-3. In one
case, several men unload a boxcar
full of bagged material by placing the
bags on pallets and moving the pal-
let loads with fork trucks. Under cer-
tain conditions, this may be an effi-
cient approach. In other cases, how-
ever, it may be less costly to receive
the same material in enclosed hop-
per cars and use a pneumatic con-
veyor for unloading. Factors that can
help influence the decision include
raw material characteristics, travel
path, flow rate, labor needs, delivery
rates, and seasonal variations.

The quantity to be handled also
must be considered. This is part of
the “When?” question. It includes the
amount of material moving in a given
period of time over a specific route,
as well as the condition of the load
(configuration, makeup of load, batch

9



Table 2-1

Characteristics of Materials

| A. Material Categories

Physical State

Material type Solid Liquid Gas
Part, subassembly,

Individual units bottle, coil N.A* N.A.
Carton, bag, tote

Containerized items box, pallet, bin Drum Cylinder

Bulk materials

Plastic resin,
sand, cement, coal,

granular products

Liquid chemicals,
solvents, gasoline,
liquid sugar

Oxygen, nitrogen,
hydrogen, carbon dioxide

B. Characteristics Affecting Movement and Handling

Category Characteristics

Size Length, width, height

Weight Weight per item, or per unit volume

Shape Round, square, long, rectangular, irregular
Other Slippery, fragile, sticky, explosive, frozen

*Not applicable

sizes). Seasonal or periodic varia-
tions also must be considered. (Is
one boxcar received per month, or
one per day?) “When?” also includes
the point in time that materials are to
be delivered — to the receiving dock,
the storage area, the work station,
the packaging line, and the shipping
area.

“How?" refers to the handling
method to be employed. It includes
the plan or scheme for the operation
— including the layout — and spe-
cific techniques and equipment that
may be required. For example, had
the pneumatic conveying approach
been chosen in the last situation, the
general layout and flow path dimen-
sions would be specified along with
details on air pressure, conveying
line size, system horsepower, and
other pertinent technical data. Table
Il provides a general guide to select-
ing equipment for a number of mate-
rial handling applications, many of
which are found in small to medium-
size plants.

Labor requirements also should be
specified. This item is part of the
“Who?” — the final, all-important
human factor in the equation, which
defines responsibility as well as
manpower needs.

Example: One company was find-
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Table 2-1I
Typical Material Handling Applications*

Type of Load Load General Travel Path Material Flow Requirements
load size weight shape Length | Direction | Throughput | Condition Other
horizontal
Pallet, 150’ (25| vertical no conveyors,
unit load 48" x 40" 3,000 Ib. cube one way)| (lift truck) | 15 moves/hr. | indoors trucks only
30 pieces/hr.;
300 Ib. on ambient
Cartons, conveyor at |temperature | flat carrying
boxes 16" x 14" x 14" 25 1b. cube 150" | horizontal | one time only surfaces
Drums 22%2"dia. x36”| 500 Ib. cylindrical | 12-15" | vertical
Bags 9”x 18" x36"” | 50-100 Ib. oblong 20" |inclined
multiple
horizontal product usage
vertical product at or extremely
0-212" 500" | (bucket ambient fine material
Dry bulk particle 85’ elevator) temperature | under 200
materials diameter 100 Ib./cu. ft. | irregular 250" |inclined 350 tons/hr. |only mesh

*The intent of this table is to show some common conditions found in many plant or warehouse operations. There are, of
course, many material handling applications that fall beyond the arbitrary boundaries of this table.

ing that the performance of a new
mechanized handling system was
consistently poorer during the sec-
ond shift of daily operations. Output
was below norm, and shutdowns
seemed to be longer and more
frequent.

Investigations revealed that, by
and large, personnel on the second
shift had not been brought into the
planning phase of the project, and
had only limited participation in start-
up activities. As a result, they felt little
identity with the system, and little or
no stake in making it work. In addi-
tion, only a skeleton maintenance

crew was assigned to the second
shift, so that maintenance support
was often delayed or not available.
The important “Who?” question had
not been thoroughly evaluated in this
case.

Relationships to Other Func-
tions Material handling is never per-
formed in a vacuum, as an entity
unto itself. Rather, it is an integral
part of other activities and functions,
including production, quality control,
plant engineering, manufacturing
engineering, inventory control, indus-
trial engineering, warehousing,
packaging, safety, and environ-

mental control. The knowledgeable
engineer and manager must be able
to identify the material handling prob-
lems that exist within these other
functions. Further, he must treat
them as handling problems, not per-
mitting them to be obscured as “pro-
duction problems,” “inventory prob-
lems,” and the like. Otherwise, he
may be treating the symptom of the
problem, rather than the cause.
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The Equipment Decision

Choosing the right equipment — or
equipment system — for a handling
task can be a challenging job. A
number of key factors must be kept
in mind before the selection process
is attempted.

1. Define the problem. It is amaz-
ing how often the real problem requir-
ing a handling solution is not under-
stood or fully analyzed. Often the first
question that should be asked is,
“Does this handling step really have
to be performed at all?”

2. Look to the future. Remember
— throwing in a section of conveyor,
or putting in another row of shelving,
may provide a temporary solution to-
day, but will it create more problems
than it solves in the future? Equip-
ment selection should be planned
with an eye to the future.

3. Remember the systems con-
cept. Rarely if ever is an activity per-
formed in a vacuum, without affect-
ing other operations or being af-
fected by them. Remember that the
equipment being selected should
play a part in the overall goals of the
facility. It's not confined to one small
corner of the plant. An individual
conveyor or lift truck is part of a total
material handling system!

4. Keep it simple. Don't go in for
unnecessary sophistication when it's
not warranted. For example, take
advantage of gravity when possible.
Make sure your existing equipment is
fully utilized before additional in-
vestments are made. Make sure
qualified personnel are available to
take care of the equipment after it is
purchased and in the plant.

5. Don’t overspecify. It makes lit-
tle sense to buy the most expensive
heaviest-duty equipment available
for a light-duty operation, or one with
a short anticipated life. Likewise,
whenever possible, use a standard
design instead of a more costly cus-
tom piece of equipment.

6. Check the alternatives. Don't
select a particular way of accomplish-
ing the job on the advice of just one

12

Chapter 3

equipment supplier. There may be
better, less expensive methods and
equipment alternatives that you are
overlooking.

Basic Types of Equipment

As noted previously, there are two
broad categories of materials that
require some form of handling: units
(individual items, packages, as-
semblies, pallet loads), and bulk ma-
terials (powders, pellets, tank car
volumes of liquids). Handling equip-
ment is generally classified into the
same two broad categories. This dis-
cussion covers both types.

Unit Handling Equipment

Conveyors transport materials
along fixed paths. Their function may
be pure transportation, or they may
move items through various stages
of receiving, processing, or assem-
bly. A familiar use of the conveyor
system is the progressive assembly
line, pioneered in the automotive
industry.

Gravity conveyors provide the
least costly method of moving ob-
jects between points in a plant. Gen-
erally, their cost is only a small frac-
tion of that of powered equipment.
Chutes, slides, and gravity wheel or
roller conveyors are typically found in
this category of equipment.

Motor-powered conveyors include
a variety of in-floor, floor-mounted,
and overhead types. Powered roller
— or “live roll” — conveyors move
packages and other items horizon-
tally and up 5- to 7-degree slopes
without manual aid. Belt conveyors
are normally used for inclines of up to
15 to 20 degrees.

Floor-mounted chain conveyors
use single or multiple-strand chains
to convey heavy products or bulky
unit loads. Materials can be con-
veyed directly on chain links, or they
may be carried or pushed by special
attachments such as slats, flights,
and bars.

Overhead chain conveyors utilize
a series of trolleys supported from
overhead beams or tracks. Load car-

Material Handling Equipment

riers are suspended from individual
trolleys.

The power-and-free conveyor is a
special type of trolley conveyor that
has load carriers suspended from a
second set of trolleys running on an
independent or free track. Load car-
riers can be disengaged from the
chain and accumulated, or switched
onto spurs. These conveyors are
used where loads must be directed
onto spur lines, halted for work or in-
spection, and accumulated for
storage.

Another special type of overhead
conveyor tows wheeled carts along
specific paths on the floor.

In-floor towline conveyors utilize a
power-driven chain, traveling in a
sub-floor track to propel carts along
straight runs or along various combi-
nations of main lines and spurs.

Hoists, monorails, and cranes
are used for a variety of overhead
handling jobs. A hoist typically con-
sists of a hook, a lifting medium —
such as a chain or rope — and a
drum or container for storing unused
chain or rope. Hoists may be manu-
ally operated, or driven by electricity
or air.

A monorail is a single-beam over-
head track whose lower flange
serves as a runway for a hoist trolley.
Through the use of switches, turnta-
bles, and other path-altering devices,
the monorail can be made to follow a
predetermined fixed path while serv-
ing various stages in processing or
assembly.

A crane also typically involves a
hoist traveling on a trolley. Fre-
quently, the trolley also may be
transported — as in a bridge crane
— along runways, to provide wide as
well as long overhead handling
capability throughout the plant, or
within a department or bay.

Cranes may be manual, electric, or
pneumatic. Most larger cranes are
electric. Some include cabs that
permit the operator to ride with the
load. Others are operated by push-
button controls from the floor, or by



remote radio controls. Depending on
the type and service classification,
cranes can handle loads ranging
from several hundred pounds to 500
tons.

Specialized cranes — such as jibs

and gantries — are used to provide
localized secondary handling for
specific operations, freeing the large
overhead crane for general-purpose,
heavy-duty jobs.

The jib crane has a horizontal

Wheel

Chain conveyor feeding
powered roller conveyor

Overhead trolley

Roller

In-floor tow conveyor

Fig. 3-1
A few common conveyor types.

beam — on which a hoist trolley rides
— cantilevered from a vertical mast
and pivoted at one end. It has a
broad range of coverage within its
rotary path. The gantry has a bridge
for trolley travel fixed rigidly to the

Bridge crane

Gantry crane

Fig. 3-2
Common crane types.
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ends of two supporting columns. The
wheeled columns move along a
track. A semi-gantry, often used
under an overhead crane, has one of
its bridge ends fixed to a track-riding
column, but the other end rides on a
runway mounted to a building wall or
to auxiliary columns.

Industrial trucks provide flexible
handling of materials along variable
flow paths. One of the most familiar
types is the fork-lift truck, which uses
a pair of forks riding on a vertical
mast to engage, lift, lower, and move
loads. Lift trucks may be manually
propelled or powered by electric
motors, gasoline, LPG, or diesel-
fueled engines. With some models,
the operator walks behind the truck.
On others, he rides on the truck, in
either a standing or sitting position.

Lift trucks are very effective in lift-
ing, stacking, and unloading mate-
rials from storage racks, highway

vehicles, and other equipment. They
are also used for short-run transport-
ing of goods in the plant or ware-
house.

Some lift trucks are designed for
general-purpose use, others for per-
forming specific tasks such as stock
loading in narrow aisles. And, many
trucks can be fitted with attachments
for handling special loads such as
long items, bales, rolls, drums, and
appliances.

Other common industrial trucks in-
clude hand trucks, tow tractors, or-
derpickers, platform trucks, driver-
less vehicles (that follow an electric
guide signal in the floor), personnel
and maintenance carriers, and
power sweepers. Thorough training
of operators and maintenance per-
sonnel is a must for successful use of
those classes of equipment.

Unitizing equipment is used to
combine loose items or individual

packages into loads that can be
handled as large units. Unit-load
handling promotes faster movement
of goods, permits personnel to
handle larger loads, reduces loading
and unloading times, reduces inven-
tory and space requirements, and
cuts costs. There are many types of
unitizing equipment, some of which
are described below.

Pallets are familiar unit-load de-
vices. Made of wood, plastic, or
metal, they typically can be handled
by lift-truck forks. They provide a
platform base for assembling mate-
rials into unit loads.

Skids are single stacking platforms
with horizontal runners or legs. They
can be handled by platform trucks.

Slip sheets are low-cost, space-
saving devices for assembling unit
loads. The slip sheet is a paper-fiber
or plastic sheet on which a unit load
can be placed as it is on a pallet.

Counterbalanced rider

Walkie

P

Narrow-aisle
reach truck

Personnel/burden carrier

Fig. 3-8
Common powered industrial trucks.
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Slip-sheet loads can be handled with
a lift truck having special polished
and tapered forks, or with a special
lift-truck attachment called a push-
pull device.

Containers of various types also
can be used for unitizing loads.
Sometimes called tote boxes, gons,
or tubs, containers of this type not
only store parts, but are also used for
in-process handling and movement
of materials.

Containers may be sheet metal,
welded rod, or wood. Some are solid;
others have perforations, or may be
made of wire mesh. Sliding or folding
gates may be used to provide access
to contents, and locking lids provide
product security. Some units are
equipped with bases, legs or other
attachments to facilitate lift truck or
crane handling. Many containers can
be nested or stacked for air space
and floor space savings.

Strapping provides a means of se-
curing unit loads — such as those on
pallets — during transport. Hand
tools or powered machines can be
used for applying steel or various
types of plastic strapping over loads.

Film-wrapping techniques also can
be used for unitizing. With shrink-
wrapping, a part of subassembly is
encased by a plastic film that is
shrunk over the item by heat applica-
tion to form a tight, sturdy package or
unit load.

Stretch wrapping is accomplished
without application of heat. Plastic
film is wrapped about a load — such
as a pallet load — under tension to
form a strong balanced load for
shipment.

Some of the equipment in this cat-
egory may overlap with a plant’'s
packaging activities. In general, any
interaction between material han-
dling and packaging should be kept
in mind when selecting equipment
and designing systems.

Receiving and shipping docks
represent the starting and finishing
points for material handling in a
plant, and should be designed to
provide orderly flow of materials into
and out of the facility. Smooth,
gradual slopes should be provided in
driveway approaches, and proper
drainage must be included.

Access for lift trucks into truck
trailers or railcars may be provided
by dock plates or permanent, adjust-
able dock levelers. Dock levelers
may be of the manual, counterbal-
anced type, or they may be mechan-
ically or hydraulically operated. They
have safety devices to prevent them
from dropping when the delivery ve-
hicle moves away, and locks to per-
mit cross travel for lift trucks.

Dock doors often are equipped
with weather seals to prevent entry of
cold air into the plant, or escape of
conditioned air from within. In addi-
tion, seals help provide an element of
security. Shelters also may be pro-
vided to protect trucks and products
during inclement weather.

Rubber bumpers and timbers on
the dock face absorb the shock of a
truck impact. Concrete pipe bumpers
are often placed at building corners

adjacent to truck maneuvering
space.

Storage equipment is used to
provide an orderly method — and
accessible place — for storing parts,
tools, assemblies, and various goods
and packaged merchandise. Stack-
ing on the floor invariably wastes
space, and makes retrieval of de-
sired items a tedious task. Effective
use of cube space should be consi-
dered when planning and installing
storage equipment.

Large items or assemblies, and
palletized or containerized unit loads,
typically are stored in pallet racks.
Often loads are stacked and re-
trieved by lift trucks operating in
aisles between racks. Special can-
tilever racks are used for handling
long items such as pipe or furniture.
Flow racks — with conveyorized
storage lanes that bring materials to

Fig. 3-4
Examples of unit loads.
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the operator — find use for handling
medium to fast-moving items.

Smaller individual items, fasten-
ers, parts, and tools may be kept in
shelves, bins, drawers, or stackable
containers. Installations may be
served by operators on foot, or on
some type of mobile equipment, in-
cluding rolling ladders, stock-picking
trucks, or special order-picking
machines. In some cases, parts are
brought to the operator instead with
carousels and mini-load systems
providing this type of operation. The
mini-load is discussed further on.

Revolving carousels are activated
by pushbutton, foot pedal or other
controls. Parts in suspended bas-
kets, tubs, bins, and shelves revolve
around defined loops until halted at a
fixed operator station.

Automated systems are used for
storage and retrieval as well as other

handling operations. Both unit-load
and parts storage can be partially or
fully automated, if warranted by the
application.

Unit-load, high-rise storage rack
systems may range from 30 ft. to 100
ft. in height. Systems at the shorter
end of the scale may be served in
aisles by high-rise lift or turret trucks,
or by special stacker cranes or
storage/retrieval (S/R) machines.
Larger systems typically involve au-
tomated S/R machines operating
under computer control. A machine
may operate in only one aisle for very
high volume systems, or it may be
shuttled between aisles by a transfer
car. Generally the operator is posi-
tioned at a console located outside
the aisle area.

High-density or deep-lane systems
involve storage compartments — on
each side of an aisle — which may
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hold up to a dozen or more loads.
Loads are moved in and out of a lane
by a traveling retrieval device that
operates from an S/R machine or a
transfer car. The system does not
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Fig. 3-5

Loading docks equipped with permanent dockboards.
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provide ready access to all individual
loads, but if like items are stored in a
lane, great density and efficiency of
storage can be obtained.

For parts storage, high-rise shelv-
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Storage rack for pallet loads
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Cantilever rack

ing may range to 40-ft. heights, al-
though most current installations are
around 20 ft. Modular drawers, wire
containers, and various types of bins
also can be arranged in high-rise
configurations. Smaller installations
can be served by operators using
manually pushed rolling ladders,
ladder trucks, or stock-picking trucks.
Man-aboard, mechanical order pick-
ers are used for larger systems,
when 500 or more items are in stock
and inventory is turned five or more
times a year.

Another approach to automated
parts handling is the mini-load sys-
tem, which brings items to a station-
ary operator working from a control
console. Parts are stored in high-
density bin configurations within an
enclosed structure. An S/R machine
— or ministacker — automatically re-
tracts desired coded bins and brings

them to the operator station. While
the operator is picking from one bin,
the machine can be returning a pre-
viously used bin.

Whether for unit load or parts han-
dling, automated storage and re-
trieval systems (AS/RS) can provide
significant benefits, including re-
duced labor, higher throughput,
better organization of materials, re-
duced building and land costs, im-
proved inventory control, greater
product security, reduced product
damage, improved productivity, and
better customer service.

AS/R systems have provided
many firms with a more cost-effective
warehouse than afforded by low-bay,
spread-out warehouse buildings. In
addition, AS/R systems are increas-
ingly being tied directly to manufac-
turing operations, and used for stor-
age of in-process materials as well
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Fig. 3-7
Automated storage and retrieval system.

17



as finished goods. The tie-in is
natural because of increased use of
computer control in manufacturing
systems. Automatically guided shut-
tle cars, driverless trains, conveyors,
or robot vehicles can be used to
transfer materials from the storage
area to work stations on the man-
ufacturing floor. Here, automated
transfer machines and robot man-
ipulators can be used to perform pro-
cessing operations. Finished mate-
rials can be removed from the floor
by transfer vehicles and routed back
to storage or the shipping area.
Combined into one giant system,
these interacting operations provide
a glimpse at the automated factory
concept.

Bulk Handling Equipment

Bulk material handling is a com-
plex and extremely broad subject,
which cannot be covered adequately
in these few pages. Instead, this dis-
cussion is limited to common aspects
of in-plant handling of bulk materials.
Some type of bulk handling is found
in almost any type of facility, if only in
the manner in which coal or other
fuel is distributed and waste mate-
rials are removed. Many process in-
dustries are heavily involved with
bulk handling.

Often the success or failure of a
bulk-handling installation hinges on
whether the characteristics of the
material to be moved have been
properly evaluated and incorporated
into the system. Various charts and
classifications of material properties
are readily available.” In many
cases, however, tests must be con-
ducted on the specific material be-
fore equipment can be properly
selected.

Conveyors play a major role in
bulk handling. Probably the most
common type is the three-roll belt
conveyor, which is a familiar sight at
many manufacturing facilities,
aggregate plants, and power sta-
tions. Other common bulk conveyors
include chain types (including drag
and flight), pneumatic conveyors,
screw conveyors, vibrating units, and
bucket elevators. Each has specific
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Fig. 3-8
Coal handling at power plant.
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Fig. 3-9
Discharge bin for bulk solid material.

application advantages. Pneumatic
conveying, for example, is not limited
to straight-line conveying, and can
provide dust-free operation. A very
special type of bulk conveyor is the
feeder, which is designed to dis-
charge controlled amounts of bulk
material in such applications as
batching and mixing of food ingre-
dients. Generally, bucket elevators
and belt, vibrating, or screw con-
veyors are not self-feeding, so a bulk
feeder serves as a metering device
for such equipment.

Bins, hoppers, silos, and other
vessels for storing powders and
other bulk materials must be de-
signed carefully, to promote proper

Fig. 3-10
Front-end loader.

controlled flow of materials. Most
bin-flow problems can be traced to
misapplication of handling equip-
ment, and improper matching of bin
geometry tests on samples of mate-
rial to determine such key properties
as friction angle, cohesion, compres-
sibility, and air permeability.
Various yard handling tasks can
be performed by wheel and track
vehicles. Wheel loaders are used
primarily for loading and carrying
loose, stockpiled materials to central
receiving areas served by a truck,
conveyor, or hopper. Track machines
are the rule for loading hard, com-
pacted materials and for operating
on rough terrain with poor ground

* “Classification and Definition of Bulk Materials,” #550-1970, Conveyor Equipment Manufacturers Association, 1000 Vermont Ave., N.W., Washington,

DC 20005.
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support. Wheel machines are faster,
but track vehicles have greater flota-
tion, or greater resistance to sinking.
Attachments can increase the ver-
satility of these units significantly.
The use of quick-coupling attach-
ments can help one vehicle do the
work of two or three specialized
machines.

In planning a bulk handling sys-
tem, layout and equipment selection
are equally important. Developing
the proper layout involves visualizing
in three dimensions, and completely
understanding the functions of inter-
related items such as process
equipment and auxiliary bins, chutes,
gates, and feeders. Transfer points
between units must be planned care-
fully. Dust control equipment often
must be incorporated into bulk-
handling schemes.

Controls

Control systems are increasingly
important to material handling, par-
ticularly with the growth of semi-
automated and automated systems.

An important component of any
control system is a reliable input de-
vice, such as a sensor or other signal
device. Photo-electrics have played
an important role in the growth of this

technology, as have other elements
of automatic identification, such as
laser scanners.

Basically, key parts of an auto-
matic ID system are: 1) a machine-
readable symbolic code that is af-
fixed with a label or plate — or is
printed directly on — a part, con-
tainer, or package, and 2) a light-
emitting scanner that can read the
coded message and translate it into
a usable input signal. Applications for
automatic ID systems include control
over conveyor and sorter operations,
in-plant inventory systems, and ship-
ping ability to provide real-time in-
formation for control or business
planning.

The explosion in reliable and inex-
pensive computer hardware has
brought about a revolution in compu-
ter applications to material handling.

Small computers dedicated to a
specific handling task — such as
controlling the operation of a con-
veyor or S/R (storage/retrieval)
machine — can now be used as in-
dependent control elements. It is
now becoming common to use on-
board or onsite controllers or micro-
processors to oversee a variety of
handling operations. A coming trend
is to tie in these localized computers

Fig. 3-11
Automatic identification system.

with higher-level corporate comput-
ers into a hierarchy of business and
control information processing. As a
result, the systems approach can be
applied to material handling in a
manner not possible even a few
short years ago. And, the technology
is within the budget of modest-sized
plants, as well as those of corporate
giants.

Obtaining the Equipment
There are several approaches to
acquiring material handling equip-
ment — renting, buying, or leasing.
Tax considerations, cash flow posi-
tion, projected life of the project, and
numerous other factors come into
play in the equipment acquisition de-
cision. The possibility of obtaining
used equipment also should not be
overlooked. In any case, equipment
procurement frequently must be jus-
tified carefully to top management
before approval is obtained. Details
on options for obtaining handling
equipment are covered more
thoroughly in a later chapter.
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Chapter 4

Analyzing Material Handling Problems

Inefficient material handling can be
the cause of many problems and
losses in profit. The first step toward
overcoming problems involving ma-
terial handling is properly identifying
them as such, then implementing the
necessary solutions.

A number of problem-solving
techniques is available. Some impor-
tant ones are discussed in this chap-
ter. Whatever techniques are used,
however, it is important to remember
that handling operations are not iso-
lated activities, but rather are interre-
lated parts of a system. Simply
stated, a system is a series of inte-
grated actions or situations involving
cause-and-effect relations that may
be described logically or mathemat-
ically. It may be a production system,
a warehousing or distribution sys-
tem, or an entire factory or enter-
prise.

The following steps can be used in
analyzing and solving handling prob-
lems — always keeping the systems
approach in mind:

* |dentify and define the problem

* Collect relevant data

e Develop a plan

 Implement the solution

Identify and Define

In an existing plant, a good starting
point for identifying material handling
problems is touring the facility, and
looking for the material handling as-
pects of various activities that are
observed. It's a good idea to take
along a check sheet of the type
shown here to make notations of
what is seen. Another guide that may
be useful is the listing of the common
symptoms of material handling prob-
lems shown in Fig. 3, Chapter 1.

See if relationships can be de-
tected between the problems that are
observed — not just within a depart-
ment, but also between departments.
Remember, the goal is to optimize
handling throughout the facility as a
whole — somewhat different than op-
timizing it within each department
viewed as a separate entity. If one is

20

not careful, “solving” a handling
problem in one area could well
create a new one elsewhere. For
example, installing a section of con-
veyor may achieve the goal of trans-
ferring products from point A to point
B in one area, but it also could intro-
duce a barrier to flow between adja-
cent departments.

Another useful guide is the listing
of “Principles of Material Handling”
shown here. These principles are a
distillation of accumulated experi-
ence and knowledge on the part of
many practitioners and students of
material handling.

While moving along the tour, see if
these principles are being followed in
various operations — and spot in-
stances where they are openly vio-
lated. If such cases are found, ask
the question “Why?” At times, there
will be sound reasons for not follow-
ing a principle. For instance, al-
though the use of gravity is a good
general rule, in certain applications
powered conveyors are the clear
choice over gravity chutes.

Once the problem has been identi-
fied, its scope must be defined. For
example, suppose considerable clut-
ter and confusion are found at the re-
ceiving area. What is the scope of
the problem? Is it limited to available
space at the dock? Or, is part of the
problem due to the fact that too many
different load sizes and shapes are
received from suppliers? Perhaps
there is also a training problem, in
terms of dock personnel.

Collect Data

Sometimes a problem cannot be
fully defined until all relevant data are
collected and analyzed. Data collec-
tion also is necessary before a solu-
tion can be carried out. This
information-gathering step is most
important. It should not be viewed as
an unpopular, tedious task to be rel-
egated to the most junior engineer
available, or the project may never
succeed. A solution can be only as
good as the reliability of the data

upon which it is based.

Some useful data may be derived
from interviewing management,
foremen, operators, vendors, and
competitors, by consulting available
technical and sales literature, and by
making personal observations.

Generally, however, the task does
not stop there. Usually information

Material Handling Checklist

[ Is the material handling equipment more
than 10 years old?

[] Do you use a wide variety of makes and
models which require a high spare parts
inventory?

[J Are equipment breakdowns the result of
poor preventive maintenance?

(] Do the lift trucks go too far for servicing?
[[] Are there excessive employee accidents
due to manual handling of materials?

[J Are materials weighing more than 50
pounds handled manually?

[J Are there many handling tasks that re-
quire 2 or more employees?

[ Are skilled employees wasting time han-
dling materials?

[] Does material become congested at any
point?

[JIs production work delayed due to poorly
scheduled delivery and removal of mate-
rials?

[1Is high storage space being wasted?

[J Are high demurrage charges experi-
enced?

[]Is material being damaged during han-
dling?

[] Do shop trucks operate empty more than
20% of the time?

[] Does the plant have an excessive number
of rehandling points?

[JIs power equipment used on jobs that
could be handled by gravity?

[[J] Are too many pieces of equipment being
used, because their scope of activity is
confined?

[] Are many handling operations unneces-
sary?

1 Are single pieces being handled where
unit loads could be used?

[[] Are floors and ramps dirty and in need of
repair?

[] Is handling equipment being overloaded?

[[J Is there unnecessary transfer of material
from one container to another?

[J Are inadequate storage areas hampering
efficient scheduling of movement?

[1s it difficult to analyze the system be-
cause there is no detailed flow chart?

[[] Are indirect labor costs too high?

Fig. 4-1



The 20 Principles of
Material Handling

1. Planning Principle. Plan all material
handling and storage activities to obtain
maximum overall operating efficiency.

2. Systems Principle. Integrate as many
handling activities as is practical into a coor-
dinated system of operations, covering ven-
dor, receiving, storage, production, inspec-
tion, packaging, warehousing, shipping,
transportation, and customer.

3. Material Flow Principle. Provide an op-
eration sequence and equipment layout
optimizing material flow.

4. Simplification Principle. Simplify han-
dling by reducing, eliminating, or combining
unnecessary movements and/or equipment.

5. Gravity Principle. Utilize gravity to
move material wherever practical.

6. Space Utilization Principle. Make op-
timum utilization of building cube.

7. Unit Size Principle. Increase the quan-
tity, size, or weight of unit loads or flow rate.

8. Mechanization Principle. Mechanize
handling operations.

9. Automation Principle. Provide automa-
tion to include production, handling, and
storage functions.

10. Equipment Selection Principle. In
selecting handling equipment consider all
aspects of the material handled — the
movement and the method to be used.

11. Standardization Principle. Standardize
handling methods as well as types and sizes
of handling equipment.

12. Adaptability Principle. Use methods
and equipment that can best perform a vari-
ety of tasks and applications where special
purpose equipment is not justified.

13. Dead Weight Principle. Reduce ratio of
dead weight of mobile handling equipment to
load carried.

14. Utilization Principle. Plan for optimum
utilization of handling equipment and man-
power.

15. Maintenance Principle. Plan for preven-
tive maintenance and scheduled repairs of
all handling equipment.

16. Obsolescence Principle. Replace ob-
solete handling methods and equipment
when more efficient methods or equipment
will improve operations.

17. Control Principle. Use material han-
dling activities to improve control of produc-
tion, inventory and order handling.

18. Capacity Principle. Use handling
equipment to help achieve desired produc-
tion capacity.

19. Performance Principle. Determine ef-
fectiveness of handling performance in
terms of expense per unit handled.

20. Safety Principle. Provide suitable
methods and equipment for safe handling.

Fig. 4-2

must be developed on the flow of ma-
terials and the moves that take place
within the plant. Various graphical
techniques frequently are used to
generate this information.

For instance, in a manufacturing
situation, a preliminary idea of mate-
rial flow can be obtained by con-
structing an assembly chart. This
graphical tool also shows the com-
ponent makeup of the product, the
relationships between parts, and the
sequence in which components are
assembled.

The operation process chart
provides a more accurate designa-
tion of material flow patterns, includ-
ing sequences of production and as-
sembly operations. It also provides
an idea about relative space re-
quirements.

The flow process chart is a tabu-
lar record of steps performed in a
given process. Symbols are used to
differentiate between process opera-
tions, transportation, inspection,
storage, and delays. This chart is lim-
ited to tracking the flow of only one
item — or movement of only one
person — at a time. However, the
operation process chart can be com-
bined with a flow process chart for
each component to produce a dia-
gram covering the travel of several
items.

The flow diagram provides a
graphical record of the steps per-
formed in a process, superimposed
on an area layout. It can be used to
supplement the flow process chart.

The from-to chart uses a matrix
representation of material movement
between related activities. Besides
establishing material flow patterns, it
helps to determine locations of re-
lated activities. The chart can also
help track the relationships between
products, parts, and materials.

Activity relationship diagrams
can be used to help lay out the flow
of materials between departments.
They can be particularly useful for
determining locations of service de-
partments such as maintenance
shops, tool cribs, stockrooms, and
battery-charging rooms.

Develop the Plan
Once the data are collected, they
mus iled eful formats
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and evaluated in order to develop a
plan of attack on the problem. Some
problems will be relatively straight-
forward, while others require consid-
erable analysis.

Formats for grouping data often
take the form of various tables,
charts, and graphs, and utilize vari-
ous evaluation techniques. One
common technique, work-volume
analysis, is described in detail in the
next chapter.

Another ingredient for formulating
a solution is a thorough knowledge of
types of material handling equipment
available, their advantages and dis-
advantages for specific applications,
their purchase, installation, and
operating costs, and their adaptabil-
ity to different operations. (A good
way to gain knowledge is to visit
other plants, have discussions with
vendors, read business publications
and books on material handling, and
attend short courses, seminars, and
trade shows).

When a solution is being planned,
don't settle on just one scheme with-
out thoroughly considering other ap-
proaches. Remember, once chosen,
the system may be around for a long
time. Whenever possible, test alter-
native proposed solutions.

Tests can be conducted on a phys-
ical model of the proposed system,
using samples of the materials that
are to be handled. Alternative ap-
proaches also can be tested effec-
tively with simulation models and
other quantitative techniques, utiliz-
ing a computer. Various quantitative
techniques are discussed in the fol-
lowing section of this chapter.

Alternative approaches also
should be tested against economic
measures in order to arrive at the op-
timum system depending on the sys-
tem size. Factors such as cash flow,
investment tax credit, and income tax
may become critical in the evalua-
tion. A subsequent chapter covers
economic justification factors in
detail.

Implement the solution. After the
strategy for solving the handling
problem has been developed, the
final step is to make the solution
happen. Once the system costs have
been established, approval for the
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Simple assembly chart for production of a clipboard shows component steps involved in the operation.

Part Name: Top of clip Lower clip Pivot Spring Board

Part # CL-24 CL-25 CL-BS6 SP 247 W17

Material: stainless steel stainless steel iron rod spring steel pressboard
cut( 1

funch C) ?unch > cut coil 5
rom ( 1 rom 1 1 : 1
sheet sheet g GOoIs e

. ? cutto
trim <2 trim <2> length 2 cut <25

apply 4
finish
sub-assembly A

of clip

ASSEMBLE A

INSPECT I

Fig. 4-4

Operation process chart is extension and expansion of assembly chart. It not only shows component steps, but also includes routing information. With this
chart, the engineer can begin to develop some flow patterns, and begin to get an idea of relative space requirements.
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Symbol Name Results

O Operation Produces, prepares,
and accomplishes
o> Transportation Moves
] Inspection Verifies
D Delay Interfere, waits
AV Storage Keeps, retains
SUMMARY JoB ANALYSIS
PRESENT | PROPOSED | DIFERENCE : QUESTION | WHAT? | WHEN?
NO.| TIME | NO.| TIME | NO.| TIME BRI TS S R S e EACH WHY? | WHO?
O OPERATIONS 5 DETAIL _ [WHERE? | HOW?
& TRANSPORTATIONS| 9 (] OPERATOR DATE
O] INSPECTIONS 1 X MATERIAL NUMBER
D DELAYS 2 CHART BEGINS Receiving (raw materials) PAGE 1 OF 1
V STORAGES 3 CHART ENDS Shipping (finished product)
Distance Traveled 1485 FT. FT. FT.__| CHARTEDBY TPC.
2 /x /8 w Ha 7 j
o b, w T = w s w o
= 8 ~ (<] é’ < F3 M F3 S o Q
DETAILS OF ( PRESENT Y meTvop | & /2 /8 /3 /& S5 /e /5/8/8/8/8/¢ NoTES
PROPOSED &lq%jegggggggjtlkg
S /kE /2|86 [fz/8|/F |d |8 & | |&[s|/&]a
1. Receive raw materials O (X[:] D v | s0
2. Inspect O Qﬁ D VvV
3. Move by fork lift O &QD v | 40
4. Store O & [ w
5. Move by fork lift OMD vV | 45
6. Set up and print ({Q OD Vv
7. Moved by printer O> 0 D VvV |12
8. Stack at end of printer d SO0 D Vv
9. Move to stripping O\&\[:] D W |165
10. Delay O & @9 \V
11. Being stripped o> [ D Vv
12. Move to temp. storage O&QD v [ 150
13. Storage O O D
14. Move to folders O (@ D W |200
15. Delay O[> v
16. Set up, fold, glue > 0D V
17. Mechanically moved O> O D V| 9
18. Stack, count, crate @(() O D v
19. Move by fork lift O\¢> O D Vv |52
20. Storage Oc 0D Vv
Fig. 4-5

Flow process chart tabulates steps and moves in a process, in this case for the manufacture of a small box with a printed label. Standard American
Society of Mechanical Engineers (ASME) process elements and symbols are used. The first column from the left is the step number, followed by a brief
description of the activity. In the next column, the symbol that best describes the activity is used in tracking the step-by-step flow from top to bottom.
Improvement opportunities can be noted in the columns headed “possibilities,” and additional information can be entered under “Notes.” A single chart
can be used to track the flow of either an object or a person — but not both simultaneously.
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Fig. 4-6

Flow diagram tracks steps as they occur within area layout. Symbols and numbers correspond to
those in flow process chart. Symbols are drawn as closely as possible to where the steps will
actually occur. This chart helps in flow planning, and also can point out previously unforeseen
problems.
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project must be obtained from top
management. In many cases, thor-
ough, carefully prepared presenta-
tions will be required. Techniques of
making presentations to manage-
ment, and justification criteria, are
discussed later. However, this is
often the most crucial phase of the
entire project, because typically it is
competing against other projects for
limited funds. Carefully prepared,
written bid specifications typically are
let to several vendors. Competing
proposals must be evaluated closely
to make sure all are quoting on the
same type and grade of equipment
and components. Other factors such
as vendor reliability history and serv-
ice capability also must be consi-
dered.

In some cases, major systems
may best be procured with concep-
tual bidding and a negotiated con-
tract. Methods of acquiring equip-
ment and systems are discussed
further in Chapter 7.

Hiring and training of personnel,
developing a preventive mainte-
nance program, and startup and ap-
proval of the system are other critical
parts of the implementation.



To To
A B C D E F G A B C D E F G
From From
A 13 37 69 85 57 33 A 15 5 4
B 13 21 53 69 41 17 B 15
C 37 21 29 45 17 41 C 2 20
D 69 53 29 13 33 57 D 20
E 85 69 45 13 49 73 E 4
F 57 41 17 33 49 2 F 1 20
G 33 17 41 57 73 21 G
A B

Fig. 4-7

From-to chart can show distances between departments (left) and trips per day made between departments (right). In the chart at right, entries below
diagonal line represent backtracking. Thus, five trips per day are made between A and C, for example, during the course of process operations. However,
two trips are also made back from C to A, representing inefficiencies that should be worked on.

1 Plate Manufacture
This Block Shows Relation
between 1" and "3"

2 Stud Collar Importance of CLOSENESS RATING
 — Relationship (top) )fﬂu’{!@rﬁss* -
A . Absolutely necessary
3 StudPin —— __E | Especaly mportant
b Code (below) 1 ] lniortant —
0o Nomun.ipmxmnyoxi
4 Swivel Pin U [Unmpotant
} 7)( ‘} Noldasfnble o
5 Swivel
', ([ code REASON
6 Ring 1 Material Flow
|
| 2 Share Equipment
7 Office Reasons 3 Parts Subassembly
|
! behind the 4 Ease of Supervision
8 RestArea "Closaness” 5 Noise Avoidance
= 6
9 Storage Value 3
! 8
10
X 9

: RICHARD MUTHER & ASSOCIATES
Fig. 4-8

Activity relationship chart is used to evaluate relationships between areas, departments, and activities, often to facilitate layout planning. Chart is read like
familiar highway mileage table that indicates distance between cities. Thus, it is especially important that plate manufacture and stud collar areas be close
to each other, to facilitate material flow. On the other hand, it is unimportant — some might even rate it undesirable — for office and rest areas to be in
close proximity, because of the possibility of noise interference.
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A relationship diagram (top) is developed from information in the activity
relationship chart. Essentially the relationship diagram is a block diagram of
the various areas to be placed into the layout. The departments are shown
linked together by a number of lines. The total number of lines joining
departments reflects the strength of the relationship between the depart-
ments. For example, four joining lines indicate a need to have two depart-
ments located close together, whereas one line indicates a low priority on
placing the departments adjacent to each other. The next step is to combine
the relationship diagram with departmental space requirements to form a
space relationship diagram, bottom. Here, the blocks are scaled to reflect
space needs while still maintaining the same relative placement in the lay-
out.

4 7

5 2]
1 9

6 8 3

Fig. 4-10

Block plan represents final layout based on ac-
tivity relationship information. If layout is for an
existing facility, the block plan may have to be
modified somewhat to fit the building. In the
case of a new facility, shape of the building will
conform to layout requirements.
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Critical-path diagram for fabrication and installation of a trolley conveyor.



Analytical Techniques

Many of the graphical and sche-
matic techniques just discussed
have been used with good results for
years to analyze material handling
problems and to plan operations and
facilities. They generally provide the
basis for developing an understand-
ing of material flow, material han-
dling, and plant layout. Typically they
are used to introduce students to the
concepts of identifying and analyzing
handling problems. And, these time-
tested methods are still being used in
many plants and warehouses today.

Nevertheless, the graphical
methods, used by themselves, do
have some limitations. Obviously
with larger, relatively complex sys-
tems, large amounts of time —
sometimes measured in many
man-months — and effort can be in-
volved in performing analyses. The
degree of effort becomes particularly
burdensome when various alterna-
tive situations must be tested by
trial-and-error means. Also, one may
not always be sure that the optimum
solution has been identified.

In recent years, a new dimension
has been added to the problem-
solving capability of engineers with
the advent of computers and the
rapid growth of solid-state technol-
ogy. These developments, which
have made possible the broad use of
quantitative mathematical tech-
niques, have come down from the
academic ivory tower and have be-
come practical, usable tools for
analyzing industrial problems. They
can provide significant advantages in
terms of speed of analysis and the
scope of problems that can be consi-
dered. In fact, some problems cannot
be analyzed adequately without the
aid of these techniques.

Quantitative methods can be used
to test the feasibility of alternative so-
lutions, or to evaluate the effects of
changes in variables upon an opera-
tion. Furthermore, these tasks can
be accomplished in minutes or
hours, as compared to weeks,
months, or even years with conven-
tional methods. Usually, no invest-
ment in equipment hardware is re-
quired, and the capability can be
utilized economically by small plants

as well as large. However, these
techniques should be applied cau-
tiously, keeping in mind their limita-
tions and the assumptions upon
which they are based. Some of the
more common quantitative tech-
niques of analysis are discussed
here.

Simulation is perhaps the most
widely used of the various analytical
techniques. It is a technique for per-
forming experiments on a model that
represents a system. It can be
thought of as a mathematical version
of an industrial pilot plant. Simulation
can provide valuable assistance in
making decisions such as: how high
a storage system should be, how
many aisles should be used, how
many lift trucks are needed, where
conveyor lines should be located,
how many docks are required, and
similar factors. It permits system
models to be developed and tested
for the current level of business, for
double the current level, or for some
other value. It aids in forecasting the
impact of a change in a product line,
or the introduction of new types of
raw materials or components.

One of the most widely used simu-
lation languages is the General Pur-
pose System Simulation (GPSS),
often used in the design of high-rise
storage in warehouses. A simulation
study can help determine the lowest
cost combination of system length,
height, width, number of aisles, and
number of storage machines to pro-
duce the desired throughput and
storage volume.

System
cost, \‘/
b »—__  Optimum
Configuration

e e

30 65
System Height, ft.

Fig. 4-12

Simulation of automated storage and retrieval
system shows that, for this particular applica-
tion, the optimum storage-rack height is 65 ft.
Simulation can also indicate proper number of
aisles, storage machines, and system length
and width.

In one of the early applications of
the method, for designing a new, au-
tomated, high-rise storage facility,
running a simulation beforehand en-
abled the company to save $700,000
in investment (land, building, and
equipment) costs, save an additional
$150,000 by eliminating unneces-
sary conveyors and lifts, reduce
operating costs by 20 percent, exter-
nal trucking 48 percent, internal
trucking 45 percent, reduce total
warehouse space by 38 percent and
significantly curb product damage
and lost parts.

During the past few years several
simulation languages have been de-
veloped that are most useful for
modeling and analyzing material
handling systems. There also are
various types of special-purpose
simulation methods in use, often for
large, complex systems, and fre-
quently written in a scientific compu-
ter language such as FORTRAN.

Waiting-line analysis — or queu-
ing theory — describes how a sys-
tem responds to varying demands for
service, through the formation of
waiting lines or queues. Common
examples of waiting lines include: in-
coming materials awaiting receiving
inspection, mechanics or production
personnel waiting for parts at a store-
room counter, items moving between
processing stations on a conveyor
line, and work stations being served
by in-process storage bins, which in
turn are served by lift trucks.

The time that products or people
spend in a waiting line represents a
delay in the system operation.
Evaluating all the delays in the sys-
tem can help pinpoint weaknesses
and define problems that need atten-
tion. Thus, waiting-line analysis can
help minimize congestion in critical
operations. It also can help deter-
mine cost-effective tradeoffs be-
tween the predicted size of a queue
and the equipment and manpower
needed to provide different levels of
service — for example, whether
delay of material flow and long lines
of units waiting to be serviced are
more costly than acquiring an addi-
tional lift truck or conveyor line to
provide an additional level of service.

Fig. 4-13 illustrates a simple queu-
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Fig. 4-13a
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Fig. 4-13 . P
Simple queue involves single channel. It has only one waiting line and one service facility. Key variables are number of items in waiting line and amount

of time spent waiting. Arrival and service times are assumed to follow distribution curves shown.
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Node: a point in the Bidirectional arc: an arc Source node: a pointin
system where flow starts with two-way flow B S the system where flow is
or stops generated or originated

Arc: a path of flow Arc value: the number 4 Sink node: a point where
connecting two nodes; — is a unit of time, distanCe  mmm—) flow is consumed or
this is an oriented arc volume, etc. terminated

(one-way flow)

Network: a combination of
symbols representing the
system being analyzed

Fig. 4-14a

Fig. 4-14b
OPTIMAL SOLUTION:
1 TO NODE 2 AT A DISTANCE OF 2
2 TO NODE 7 AT A DISTANCE OF 6
7 TO NODE 9 AT A DISTANCE OF 3
9 TO NODE 10 AT A DISTANCE OF 4
0 TO NODE 8 AT A DISTANCE OF 3
8 TO NODE 5 AT A DISTANCE OF 1
5 TO NODE 3 AT A DISTANCE OF 3
3 TO NODE 6 AT A DISTANCE OF 2
6 TO NODE 4 AT A DISTANCE OF 1
4 TO NODE 1 AT A DISTANCE OF 3
Fig. 4-14c
Fig. 4-14

Basic symbols of routing analysis and simple network representation are shown at top. Diagram at bottom represents evaluation of shortest picking
route for getting parts from nine locations. The problem is as follows: an order picker at location A picks parts at nine locations, visiting each location only
once during a cycle. The proper picking sequence using the shortest travel distance, or picking time, is to be determined. The numbers accompanying
the arrow lines, representing either time or distance — or costs — are entered in the computer, which is programmed to consider all possible routes and
select the shortest. The optimum route is shown at the bottom, in the form of a computer-generated pick list.
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ing situation. This is a single-channel
queue; it has only one waiting line
and one service facility. The impor-
tant variables associated with the
waiting line are the number of items
in the waiting line and the amount of
time spent waiting. In terms of the
analysis of a queuing situation, the
most important variables are the arri-
val rate and the service time. Queu-
ing models are usually oriented to
specific situations and the use of a
model that does not properly reflect
the properties of the system under
study will yield incorrect results. Like
any tool, when improperly applied, a
queuing analysis can be costly.

Most common queuing models
assume that the statistical pattern of
arrival service times follows the dis-
tribution plots shown in Fig. 4-13.

Routing analysis is used to find
the best flow path through an opera-
tion or facility, in order to minimize
the time or cost involved in moving
materials. Routing analysis can be
used to determine the best routes
newspaper trucks should take in de-
livering papers to newsstands and
carriers, or in setting up order-picking
routes, sequences, and zones in a
warehouse. In fact, warehouse pick-
ing is an excellent application for this
technique. Because of their complex-
ity, automated storage and retrieval
systems also are excellent candi-
dates for the application of routing
analysis.

As with most analytical methods,

routing analysis is typically per-
formed with the aid of a computer. It
frequently involves the evaluation of
complex network relationships, and
the solution of one or more
specialized types of routing prob-
lems. In some cases, the mathema-
tics and calculations involved can
become quite complex, and are be-
yond the scope of this discussion.
However, the accompanying illustra-
tions indicate the basic elements of
routing analysis, and show how the
technique can be used in solving ma-
terial handling problems.

Location analysis can provide in-
sight on where to locate an item of
equipment (stretch wrapper, baler,
palletizer) in a department, or where
to place a department (tool, crib,
battery-charging room) within a
plant. In fact, it can be an aid in laying
out the entire plant or warehouse. It
can assist in locating the right rack
openings for slow-moving items, or
for determining the optimum location
of receiving and shipping docks. Op-
timum placement of persons, mate-
rials, and machines is the goal of this
technique. It can be used to improve
the layout of existing facilities, or as
an aid in designing a new plant from
scratch.

Various types of computerized
layout programs are used with loca-
tion analysis. Some programs are
designed to achieve a quantitative
goal, such as minimizing combina-
tion of flow volume and travel dis-

tance. Others provide a qualitative
result, such as maximizing the prox-
imity of related departments.

The accompanying illustration
shows a typical example of an appli-
cation of location analysis.

Linear programming is a well-
known technique used for allocating
limited resources to achieving goals
such as minimizing cost, travel time,
or bay space. The variables in such
problems must bear a straight line, or
linear relationship, to one another.

Typically, solutions involve the use
of matrices and specific computation
procedures. For larger problems, the
computations become long and tedi-
ous when done manually, but are
readily performed by computer.

Several specialized linear pro-
gramming procedures are available,
such as transportation (distribution of
a single item from various sources of
supply to various demand destina-
tions), assignment (allocation of jobs
to work centers or facilities), and
transshipment (use of various se-
quences and intermediate points in
shipping from source to destination).

The accompanying illustration
provides a simple example of using
linear programming to allocate pal-
lets among departments.

Benefits and Limitations
Various other techniques of anal-
ysis can be applied to material hand-
ling problems. Specialized models
that mathematically describe opera-
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Fig. 4-15

Evolution of a location analysis. A mini-load automated storage and retrieval system (AS/RS) serves four departments, left. Concerns expressed by
various departments indicate that the location of the AS/RS is less than optimal. A weighting procedure is developed whereby the number of trips spent
to and from the AS/RS by each department is multiplied by the speed of the trips and by the cost spent in travel. Using the weightings, contour lines are
plotted, (middle diagram) to help zero in on the optimal placement of the AS/RS. The mathematical solution places the new AS/RS location in the heart
of department C, but a modified, more practical solution is determined to be along a main aisle between departments C and D, right.
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Fig. 4-16

A simple type of linear programming problem is shown here. There are three departments, A, B and
C, that have an excess of pallets over and above their needs, and four departments, W, X, Y, and Z,
that require pallets. Two pallets can be moved by a pallet truck at a time. A material handler is
available in each department to deliver or pick up pallets as needed. What method of distributing
pallets will result in the least overall travel time? The distribution matrix at the top represents the first
pass at the problem. The numbers within small squares in the chart represent round-trip travel times
between departments. For example, round-trip time from A to W is 10 min.

In this first pass, loads — or pallets — are assigned in an arbitrary way. Department A has 8 loads
available, and W needs 7. Therefore, 7 loads are transferred from A to W. Numbers within circles
represent assigned loads. The remaining single load is then assigned to X, and additional loads
required by A are assigned from B. The total time required for this approach is:

AW, 7 x 10 = 70 min.

AX, 1 x22= 22

BX, 9 x20 =180

BY, 4 x12= 48

CY, 2x10= 20

CZ, 9x15=135

475 min.

In a search for the optimum solution, the analyst tries to see if shifting assignments to squares not
having any load assignments can result in any time reductions. Such load shifting can be accom-
plished (with efficient procedures in various operations research texts) until the optimum combina-
tion shown in the lower matrix is achieved. No further assignment changes will produce any addi-
tional time reductions at this point. The total travel time required for this combination is 330 min.,
which is 30 percent less than that of the original combination. The calculations involved in this
problem are tedious when attempted manually, but can be readily accomplished with the aid of a
computer.

tions of certain types of material
handling equipment, such as con-
veyors, have been used success-
fully. In using any model, keep in
mind its limitations as well as its po-
tential benefits. Above all, the as-
sumptions inherent in any model or
computer program should be under-
stood thoroughly before use of the
technique is attempted. In many
cases, real-world factors must be
imposed upon the solution received
from a computerized technique.

The techniques described here
should never be used as a crutch,
but rather as valid aids to decision
making. Properly applied, quantita-
tive methods can provide a very
powerful added dimension in analyz-
ing material handling problems.

31



Efficiency and productivity have
become topics of major concern in
the industrial world. They have a di-
rect bearing on the ability of a com-
pany to compete in its industry.
Productivity is also becoming an in-
creasingly important factor in the abil-
ity of nations to compete in world
markets. Properly applied material
handling can be a major factor in im-
proving productivity and efficiency of
operations throughout any facility.

Measuring Productivity

One overall definition of productiv-
ity is the ratio of output to input. Vari-
ous types of input and output factors
and units can be used to tailor the
evaluation to a specific case. For
example, a measure of productivity
in a receiving department might be
pounds of materials received per
hours of labor expended. A common
ratio in warehousing is inventory
turnover.

Several typical productivity ratios
related to material handling are pre-
sented here. Others can be devel-

Chapter 5
Productivity Concepts

oped to fit specific situations in a
plant or industry.

In general, there are no standard,
acceptable values for these ratios
that can be compared against those
obtained in a specific operation.
(Some associations and professional
organizations are, however, taking
steps to establish some productivity
standards.) The usefulness of most
of these ratios lies in monitoring per-
formance over a time period to de-
termine trends or to establish a need
for corrective action. If the numbers
are available, absolute figures can
be compared against those from
other plants in the same industry, or
having similar handling operations.
The following are some typical ratios:

Material Handling Labor
(MHL) ratio.

Personnel assigned
MHL ratio = to MH duties

Total operating
personnel

This ratio represents the number
of personnel assigned to material
handling duties in proportion to the
entire work force. It can be deter-
mined on the basis of head count or
payroll costs. Some support activities
(maintenance, tool room, production
control) are not devoted full time to
material handling. An estimate of the
percentage of time spent on handling
should be used.

A variation of this ratio, called the
direct labor material handling ratio,
can be used to measure the percent-
age of direct labor that is spent on
material handling. The required data
can be obtained from work sampling
or other analysis techniques.

Handling Equipment Utilization
(HEU).

Items (or load weight)
HEU = Moved per hour

Theoretical capacity

The way this ratio is determined
will vary from one facility to the next.
Therefore, it is meaningful only if

TABLE 5-
A Work-Volume Analysis Example

Loads Per Day
Trans-
Dock port Selected Unload Load
Identity Commodity Via Average Peak Mean (M) To Quantity Handling Unit
Dock H Bulk A R.R .25¢/l 1.0 1.0 Open Bin 100,00 Ibs. 800 Ibs.-Grab Bucket
Dock F Bulk A R.R. A 1.0 5 Container Type 626 100,000 Ibs. 400 Ibs.-Shovel
Loose A R.R. 21 ¢/l 5.0 35 Container Type 626 100,000 Ibs. 600 Ibs.-Shovel
Package A R.R. 2 cl 1.0 75 Container Type 540 20 Palletized Unit Loads 1 Unit Load
Package B R.R. 21 ¢/l 5.0 3.5 Container Type 610 Loose, Equal to 20 Cntnrs. 1 Container Full
Total 45 c/l 12.0 8.25
Dock M Bulk B Truck 8.0 ¥l 5.0 4.0 Underground Tank 3,000 gals.
Dock C Loose B Truck 1.25¢1 3.0 3.0 Container Type 610 30,000 Ibs. 1,500 Ibs. per Container
Package A Truck 5 20 1.25 Container Type 540 10 Palletized Unit Loads 1 Unit Load
Package B Truck 6.5 tl 10.0 8.0 Container Type 610 21,000 Ibs. 1,500 Ibs. per Container

Total

8.251/1

15.0

12.25

*Equivalent of 4.4 spots allowed because spur can be switched only once per day.
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used to make relative comparisons,
over a period of time, within a given
operation. To use this ratio properly,
one must first decide what is meant
by theoretical capacity — or full utili-
zation — and then stick by the defini-
tion. For example, some engineers
may consider a piece of equipment
fully utilized only when it is carrying a
full load. On the other hand, others
may feel it is properly utilized when
empty but heading toward a loading
station.

Storage Space Utilization (SSU).
Ssu = Storage space occupied

Total available
storage space

Obviously this measure will be
applied most frequently in warehous-
ing and other storage operations.
Cubic space should be measured
rather than floor area. In collecting
the data, keep track of the percent-
age of bin and rack openings that are
empty. Of the ones that are oc-
cupied, note whether they are fully or
partially utilized, and if practical, try
to estimate percentage of utilization.

Aisle Space Percentage (ASP).
ASP = Space occupied by aisles

Total space

Space is becoming extremely cost-
ly, in both manufacturing and ware-
housing. Aisles and traffic patterns

should be laid out carefully in order to
use available space most productive-
ly. The calculation should generally
be based on cubic feet of total space.

Also, keep in mind that too low an
ASP figure may be as bad as one
that is too high. A reasonable
number of both traffic and access
aisles must be provided to maintain
desirable levels of throughput and
productivity.

Movement/Operation (MO) ratio.
M/O ratio = Number of moves

Number of productive
operations

This relationship reflects the over-
all efficiency of material handling op-
erations in the plant. It can indicate
the number of handling — and re-
handling — steps that are involved in
receiving, storage, manufacturing,
and other departments. Typically, a
high ratio will indicate an improve-
ment opportunity, in the form of fewer
handling steps, simplified operations,
or use of mechanized equipment.

Manufacturing Cycle Efficiency
(MCE).
Time spent in actual
production operations
MCE = (machine time)

Time spent in production
department

This ratio measures how effec-

tively materials flow through the
manufacturing process. Delays en-
countered can be caused by various
factors, including poor scheduling
and routing, inefficient machine op-
eration, or insufficient local storage.
Obviously different figures can be
expected from job shop operations
and continuous processing systems.
As with most of these ratios, the key
is to apply and observe them consis-
tently over time.

Damaged Loads (DL) ratio.
Number of damaged

DL ratio = '0ads
Total number of loads

This ratio gives a handle on how
effectively and properly crews are
handling incoming and outgoing
goods and in-process materials.
Some program of sampling should
be established to generate damage
data. The ratio can be applied to a
number of different departments and
stages of material flow in the plant.

Energy ratios. More than ever be-
fore, every one of us is concerned
with the energy efficiency of our
equipment and operations, and
ratios covering this important factor
can be utilized.

It may be possible to determine
separate energy efficiency ratios —
relating throughput to energy con-
sumption — for individual items of

Dock Fork Truck Unloading
Estimated Hours Per Calculated
Handling Handling Load,in- Operating Dock-Spot Number of Handling Number
Handling  Minutes Hours cluding Hours Cchc Dock Spots Actual Handling Hours Trucks
Units r Han- per Allow- per per Day (C) Required Number Units per Day Required
per Load ling Unit Load ances (D) Day (O) (0+D) (M+C) Required per Day (H) (H+0)
125 3 6.3 7.0 16 22 5 1
250 3 125 13.0 16 12 5 125 6.25
167 3 8.4 9.0 16 1.7 2.1 585 29.25
20 3 1.0 2.0 16 8.0 <1 15 .75
20 10 3.3 4.0 16 4.0 9 70 3.50
3.6 8" 795 39.75 25
1,000 gph 3.0 35 16 45 9 1
T
20 10 33 4.0 8 2.0 15 60 3.0
10 3 5 1.0 8 8.0 2 13 7
14 7 1.6 2.0 8 4.0 20 112 5.6
8.7 5 185 9.8 112
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equipment such as conveyors or lift
trucks. However, a more meaningful
evaluation may be energy utilization
for the entire facility — for example,
btu’s consumed per cubic feet of
warehouse space. These ratios can
be kept low with such measures as
providing minimum heating and cool-
ing in unmanned areas or automated
storage facilities, and using task light-
ing or lights mounted on mobile
equipment in place of permanent
overhead lighting.

Work-Volume Analysis

A first step toward increasing
productivity in a facility might be the
evaluation of effectiveness and ap-
propriate application of existing han-
dling systems. One technique for ac-
complishing this task is work-volume
analysis. It also can be used for de-
termining new system requirements.
Work-volume analysis is a procedure
in which the characteristics, volume,
and handling requirements of the
material that is to be transported
within an area of the plant are sys-
tematically arranged on a chart. By
itself, the procedure does not solve
any material handling problems.
However, by displaying important
handling system data on a work-
volume chart, hidden system re-
quirements can be discovered and
many benefits realized.

A work-volume analysis normally
leads to the establishment of impor-
tant system parameters. Very often
this technique will help to support
decisions such as:

« Determining the general class of
equipment to perform a task with-
in a department.

* Determining the amount of work
to be done in units appropriate to
the type of equipment.

» Determining the specifications
and the quantity of handling
equipment required.

e Determining the placement of
equipment and personnel re-
quirements.

To develop a work-volume chart
for a selected class of operations or
for an area, detailed data must be
collected on each of the types of ma-
terial that is handled. It is important
that all pertinent data are gathered.
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The actual selection of data to be in-
cluded on a work-volume chart will
depend on the situation under study.

Work-volume charts follow the

same sequence that governs the
physical flow of materials: receiving,
processing, and shipping. Each op-
eration must be examined and iden-
tified separately on the work-volume
charts, because certain operations
will require variations in equipment
and labor grades. The following
steps can be utilized when construct-
ing a work-volume chart:

1. Determine the major class of
operations to be studied (i.e. re-
ceiving, shipping, processing)
and identify the individual oper-
ations to be analyzed (material
moves, inspections, storage,
machining, etc.)

2. Gather data on the material
handled at each operation. For
each unit handled, the size,
shape, fragility, material and
handling method shall be noted.
Also the volume, quality inspec-
tion procedures, storage
method and characteristics of a
unit load are important data.
The data should reflect the na-
ture and volume of the work as
well as the conditions under
which the operations are per-
formed.

3. Examine the data collected and
determine if any important in-
formation can be calculated
from the collected data. For
example, load quantity data
could be divided by handling
unit data to obtain handling units
per load.

4. Lay out a matrix (rows and col-
umns) type of chart with col-
umns that are of a width that will
facilitate recording the data
gathered in step 2 or calculated
in step 3. Place the headings
along the top of the columns.

5. On the left hand side of the chart
identify the areas or operations
for which data has been gath-
ered or calculated.

6. Record the data.

The example given in Table 5-1 is a
work-volume analysis for a receiving
area. The processing and shipping
operations can be outlined in a simi-

lar fashion because this form of
analysis is very flexible. The work-
volume chart illustrated was devel-
oped to examine the handling work
required and the facilities needed to
perform the receiving operation.

In creating the work-volume chart
illustrated in the example, the analyst
has used collected data to calculate
important parameters of the system.
For example, the load quantity has
been divided by the handling unit to
obtain the handling units per load
and the handling units per load have
been multiplied by the estimated
handling minutes per handling unit to
obtain the handling time per load.

A work-volume analysis is espe-
cially useful for identifying equipment
or personnel that are under-utilized.
A procedure sometimes referred to
as work-density analysis involves
balancing the work loads on the op-
erations that have been charted.
There are no known formulas for cal-
culating work density. Each indi-
vidual operation must be studied and
compared with other operations.
Some of the general rules to be ob-
served when performing a work-
density analysis are:

» Material handling personnel are
generally most efficient when
under constant supervision. Try
to concentrate activity to provide
effective supervision.

« Locate storage areas as close to
each center of work density as
practical.

* In using conveyor loading and un-
loading, consider the possibility
of automatic handling.

» Make use of quick-change
attachments for trucks and
cranes to make them adaptable
to different handling operations
within an area.

» Consider compromising the spec-
ifications for handling equipment
to broaden the usefulness of
each unit. This rule applies to all
types of equipment — conveyors,
containers, trucks, trailers, and
cranes.

 Analyze the work requirements of
the material handling activity as a
whole, as well as by segments, to
improve the work-density factor.



Material handling adds to the cost
of an operation, whether it be man-
ufacturing, warehousing, transporta-
tion, or distribution. As mentioned
earlier, the portion of total costs that
can be attributed to handling may
range from 30 to 75 percent, and
even higher in some instances.
Thus, it follows that material handling
costs must be included in any cost
reduction or improvement program.

Some authorities say that while
material handling adds cost to man-
ufacturing, it adds no value to the
product. The ultimate conclusion is,
“the best handling is no handling at
all.” A somewhat different view,
however, holds that handling does
indeed add value to a product — in
the form of time and space utility. It
can be argued that a product does
not have much value if it is not at a
particular place, at the time that it is
needed. Thus, value has been added
to a grocery item, for example,

Chapter 6

Material Handling Costs

through the efforts taken to get it onto
the shelf at the time that the shopper
is looking for it.

In the final analysis, the question
of whether or not material handling
actually increases the value of a
product may be academic. The fact
is, every time a piece, product, or
package is picked up, moved, or set
down, a cost has been incurred. The
firm that minimizes such handling
costs, or generates the greatest
benefits from the handling it does,
will have the competitive edge in its
industry and in the market place it
serves. In some cases, it may be
necessary to increase handling costs
(as, for example, by purchasing me-
chanical handling equipment) in
order to reduce overall costs.

The initial necessary step in con-
trolling material handling costs is
identifying them within the total
scope of an operation. Some will be
obvious — such as the cost of a full-

time lift-truck operator. Others may
be more difficult to extract out of the
cost of production or other activities.
Accounting practices also can mask
the role of material handling. In some
companies, handling is simply buried
as part of “indirect production costs.”
Material handling costs can be iden-
tified by segregating them into the fol-
lowing categories:

Direct material handling ac-
tivities. These tasks are directly
identifiable as material handling ac-
tivities, as for example, driving a lift
truck, unloading a truck at the dock,
operating a crane, or stacking pallet
loads into a rack. Often these tasks
have full-time personnel and equip-
ment assigned to them, and their
costs can be isolated.

Combined activities. Examples
of handling tasks combined with
other activities include feeding mate-
rial into and out of a press, transfer-
ring it between work stations in an

Job Descriptions and Job Numbers

Job No.

Description

61— SUPERVISION

11 — RECEIVING — checking, inspecting and signing for inbound merchandise
12— UNLOADING CARS — including all work connected with piling merchandise on warehouse pallets

13 — UNLOADING TRUCKS — including all work connected with piling merchandise on warehouse pallets
14 — PILING INBOUND — merchandise by forklift truck
15— PILING INBOUND — merchandise by hand

16 — UNLOADING AND PILING PALLETIZED LOADS INBOUND — includes removing unit loads to platform,
transporting to storage and stacking

21 —FILLING SLOTS — filling slots in selection line
22 — REWAREHOUSING — performing work in connection with making room and consolidating lots
23 — RECOUPING DAMAGED MERCHANDISE — warehouse damage
31— SELECTING — selecting outbound orders with forklift truck including checking done by selector
32 — SELECTING — selecting outbound orders into containers including checking done by selectors
33 — CHECKING — on loading platform only
34 — LOADING CARS, Handstacking — including all work connected with loading cars and handstacking containers

into cars

35— LOADING TRUCKS, Handstacking — including all work connected with loading trucks and handstacking into trucks
36 — LOADING OUT PALLETIZED LOADS — including transporting and positioning unit loads in cars or trucks

41 — FREEZING — including all work done in connection with blast freezer
42 — GLAZING — including all work done in connection with glazing

43 — RECOUPING DAMAGED MERCHANDISE — carrier damage

44 — MISCELLANEOUS SERVICES — performing services, not otherwise described, at hourly rates
51 — HOUSEKEEPING — sweeping, trash disposal, painting, etc.
52 — MAINTENANCE — repairing, equipment service, repairing pallets, erecting storage racks, etc.
53 — MISCELLANEOUS — include description on time sheet

Fig. 6-1

Job descriptions can be printed on the back of a time card to help operators fill card out properly.
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Range Average Labor (man-minutes)
(cases) (cases) Per Case Per Order
Under 5 25 1.50 3.75
5t09 7.0 1.15 8.05
10to 14 12.0 .98 11.76
15t0 19 17.0 .86 14.64
20to 24 22.0 74 16.28
25t029 27.0 .70 18.90
30to0 34 32.0 .67 21.44
35t039 37.0 .65 24.05
40to 44 42.0 .64 26.88
4510 49 47.0 .60 28.20
50to 54 52.0 .60 31.20

Fig 6-2
Time standards for order assembly in a warehouse, based on number of cases in an order.

11. Travel time fork lift truck round trip

Cost of Performing Typical Warehouse Jobs

. Hook/unhook warehouse tractor to/from trailer train
. Mount/dismount start/stop electric fork lift truck

gas lift truck

. Open sealed cartons (medium size, easy to open)

(medium size, difficult to open)

. Pick up pallets with fork lift truck:

a) On floor, no turn required to pick up or travel
b) On floor, turn and stop prior to or after pick-up
c) In storage, first level only

d) In storage, second level only

e) In storage, first or second level (average)

f) In storage, third level

g) In storage, up to three levels (average)

h) In storage, up to four levels

. Stack pallets with fork lift truck

a) On floor, no turn required to stack or travel

9 5. b) On floor, turn and stop prior to stacking or travel

c) In storage, first level only

d) In storage, second level only

e) In storage, first or second level (average)
f ) In storage, third level

g) In storage, up to three levels (average)
h) In storage, up to four levels

6. Close and seal box car doors
7. Manhandle 4 x 8 plywood sheets — 10 sheets

50 sheets
100 sheets

8. Open and close trailer doors
9. Pull copies of shipping document set
10. Travel time manual pallet jack round trip 10 ft. one way

100 ft. one w
10 ft. one way
100 ft. one way
1000 ft. one way

12. Obtain an empty pallet from storage
13. Pick up pallet and load on conveyance
14. Move pallet load to storage 200 ft. one way (travel only)

15. Place empty pallet and move loaded pallet to storage 200 ft.

ay

Manual
(Cents)
12.22

6.00
7.42

20.39
71.09
355.46
710.92
23.85

21.40
43.56

Machine
(Cents)

6.19
10.93

4.98
6.70
8.62
10.72
9.67
17.77
12.36
13.73

4.51

6.44
8.21
12.51
10.36
21.07
13.92
15.71
27.24
96.71
483.56
967.14
32.45
4.37

4.02
21.51
145.65
17.98
34.53
70.24
81.78

Hourly costs based on $12.07 per productive labor hour, worker only; $16.42 per productive labor
hour including fork lift truck.

Fig. 6-3
Cost analysis covers both labor and equipment factors.
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assembly line, moving items past a
quality control inspection station, or
shifting materials during an inventory
check. The costs involved in these
moves may be accounted for as pro-
duction, quality control, or inventory
control costs. In some cases (primar-
ily production), they may be classi-
fied as direct costs, whereas in other
instances they will be indirect
expenses.

Distribution-related activities.
Costs of activities in this category are
commonly considered to be distribu-
tion costs. They can include the cost
of transporting materials to the plant,
or from it, along with a variety of han-
dling tasks performed in yards,
docks, and other locations outside
the plant. In-plant packing and pack-
aging are also often included in this
category.

Sources of Cost Information

Data on handling costs can be ob-
tained from various sources, includ-
ing labor time records, shop requisi-
tions, equipment vendors, other
equipment users, and material han-
dling consultants. In many cases, the
data are not readily available, but
must be extracted with considerable
effort. Often, historical data alone are
not adequate, and additional infor-
mation must be developed.

Time Cards provide an easy-to-
use, direct measure of handling labor
costs, providing an operator’s full
time is spent on material handling.
His time multiplied by his total hourly
cost (wages, benefits, share of over-
head) equals the handling labor cost.

In any such simple calculation,
remember to account for idle or wait-
ing time. Also, be sure to design time
cards in terms workers understand
and use. Otherwise, the cards will
not be filled out properly, and result-
ing records will have little value.
Printing standard job descriptions on
the back of time cards is a good way
to help avoid such problems. An
example of some job descriptions
that might be appended to a ware-
house time card is shown. (Fig. 6-1)

Time studies provide a more de-
tailed breakdown of individual han-
dling steps, and can be used to help
identify that part of an operation that



involves material handling, as in the
following example. Items followed by
an asterisk indicate handling ac-
tivities.

Activity Time, Minutes
Pick up tray of parts 0.20*
Turn to machine 0.10*
Place tray on table 0.40"
Pick up piece 0.07*
Load in jig 0.10”
Drill 3 holes 0.47
Unload jig 0.07*
Inspect part 0.15
Set part aside 0.05*
Pick up piece 0.07*
1.68

Such studies can help determine
the proportion of activity costs that
should be allocated to material han-
dling. In this particular case, 1.06
minutes out of a total of 1.68 — or 63

percent — were devoted to material
handling. Time studies should be
performed only by persons knowl-
edgeable in work measurement. This
type of study is accurate but expen-
sive.

Work sampling is another useful
type of work measurement. It uses
statistical techniques involving ran-
dom observations to determine
whether operators are working or
idle. One common application is de-
termining the percentage of time that
workers are spending for personal
reasons, as opposed to time spent
on delays that are actually part of the
job. The technique can also be used
to determine work standards. A
worker's material handling activities
can be identified through a work
sampling study.

Pre-determined time standards

Part Name Item No. 10 — Wax SUMMARY
Process Description Move wax from R. R. car to Melt O OPERATIONS No{
Department Production g rr?sAPhS:PT?gJ?ONS g
Plant Apple Aerosol Products Co. g g%ﬁzﬁxs g
Recorded by AM.J. Date 9/20 v L TR
:5:' § B & Est. | Hrs.
;".”: § § g % g PDescription of . How | Hrs./ | per
Hlos 2 8 & resent Method Dist. | Moved | Load | Bag
110 ©& Dy in R. R. car — (10,000 100# bags)
2|0 &<0 D v |stackonto pallet (25/pallet) 20ft. | hand | .01 |.0100
3(0C& 0O D on pallet at dock
410 G@ D v |pallet from Dock to Receiving Stores(25b./p.) | 30’ FT: .08 |[.0032
5/0& 0D in Receiving Stores on floor
6| O e@ D v |Palletto Mixing Area (25 bags/pallet) 30 | FT. | .10 [.0040
710& 0D On floor in Mixing Area
8|0 @@ D Vv |Palletto Mixing Level (25 bags/pallet) 10’ F.T. .12 (.0048
90O & 0O D Pallets on floor at Mixing Level
10| O %D Vv | Lift bag from pallet to dumper (1 bag) 5t hand | .08 |.0800
1Mo <& 0D Rest bag on dumper
12 O?fD V | Dump bag into kettle (1 bag) 1’ hand | .05 |.0500
13] & O D v |Meltwaxinkettle
ocQOdD v 96’ .1520
ocQOD vV "o
bag
Fig. 6-4a

Graphical techniques can be used to help identify and isolate material handling costs. In this exam-
ple, a process flow chart is used to track moves involving one component (wax) in an aerosol
packaging plant. Same charting procedure is carried out for all other ingredients.

can be used to help evaluate costs of
handling operations, particularly
manual activities. These standards
use time values that have been
associated with basic body motions.
Information on such standards can
be obtained from basic industrial
engineering texts. Specialized train-
ing is required for applying this tech-
nique.

Accumulated data from time
studies and pre-determined time
standards can be used to establish
basic time standards for different
handling activities in a plant. The ac-
companying table provides an
example of average time standards
developed for order assembly in a
warehouse, based on the number of
cases in an order. (Fig. 6-2)

Equipment cost data can be ob-
tained from an internal engineering
department, equipment vendors,
consultants, and other users of the
same or similar equipment. Initial
cost is only one side of the story. The
plant engineering department should
be able to provide a good handle on
operating and maintenance costs of
the equipment.

Acquiring equipment that is cost
effective for an operation is by no
means an easy task, particularly if
material handling equipment is ac-
quired infrequently. Proper bid speci-
fication is a must, and is covered in
detail in a following chapter. Don't
overlook the so-called “hidden”
costs in equipment — installation,
site preparation, erection labor, con-
trols, guarding, supports, and auxil-
iary equipment, such as feeders,
chutes, or dust-control units. Also,
remember that safety devices do not
necessarily come free. Be prepared
to pay extra for some of the addi-
tional safeguards that are specified.
Plan for these costs ahead of time.

An analysis that covers both labor
and equipment costs in an activity is
shown in the accompanying table.
(Fig. 6-3)

When all individual costs have
been identified, the total cost of an
operation — or of an entire plant sys-
tem — can be determined with the
aid of process flow charts, flow dia-
grams, and cost sheets, shown in the
illustrations. (Fig. 6-4a, b, & c)
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Jacket Cap Gas Valve Assy.
In Truck In Ctn. In In
on Pallet on Pall Tank Truck
Truck
To To Pump To
Storage Stor. To Stor. Pallet
Tank
In In In On
Storage Stor. Tank Pallet
To To To To
Hilling Fill. Can Stor.
Line Line by Pipe
At Fill. At In
Line Fill. Stor.
Line
Into Dump To Fill.
Pack’g Intu Line
Machine Hopper
In At Fill,
Hopper Line
To Dump
Can Into
Hopper
In
Hopper
To
Can

Fig. 6-4b

Can

(In Carton)
n Frt.

Car

on Pall.

To
Stor.

In
Stor.

To
Fill.
Line
At
Fill.
Line
5
9
Sta

To
Unscrambler

Flow diagram indicates moves within plant layout.
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Scent Liquid Powder Wax
In In In
Trk Tank Car
Car
From Pump To To
Trk. To Stor. Pallet Pallet
Tank
On In On On
Floor Stor. Pall. Pall.
Tank
To Into To To
Stor. 5 Gal. Stor. Stor.
Can
On On in In
Floor Floor Stor. Stor.
To 0 Pall. Pall.
Shelf Hand to to
Trk. Floor Floor
On n On On
Shelf H.T. Floor Floor
Bottle To Bag Drum
To Mix Mix. To Mix. To Mix.
Room Room Room Room
In In In In
Mix. Mix. Mix. Mix.
Rm. Rm. Rm. Rm.
Into To To To
Tank Mix. Plat. Dumper
Level
On On In
Platform Plat. Dumper
Dump Dump Dump
Into
Tank Melt
Agitage
To Filler
by Pipe
Fill Can
To Valve
Assy. Sta.
Assmi.
Valve
To
Crimper
Crimp
To
Gasser
Gas
To
Chk. Weigt
Check
Weigh
To Water
Bath
Wash
To
Capper
Cap
To Pkg.
Machine
Pkg. 2
Ca?\x
To Pkg
Station
Into
Carton
To Case
Sealer
Seal
Carton
To
Pallst
On
Pallet
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DO NOT enter more than once if equipment
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Fig 6-4c
Cost sheet tabulates costs related to move data. Sheet here covers one ingredient. Similar tabulations can be made for other ingredients and activities,
to yield a total cost for the plant.

Justifying Material Handling how long it takes to get invested of anticipated earnings from a proj-
Investments money back. ect. Usually, it relates net profit —
A thorough understanding of mate- One drawback of the payback cal- after taxes and depreciation — to the
rial handling cost factors is essential culation is that it provides limited in- total investment.
when the acquisition of new equip- formation about the project. For in- Discounted cash flow (DCF) is
ment and systems is contemplated. stance, suppose that a particular the most sophisticated approach,
This discussion covers economic project — or piece of equipment — is because in considering the time
tools that can be used for evaluating estimated to pay for itself in three value of money, it accounts for both
the cost effectiveness of proposed years. That number, in itself, does the amount and the timing of cash
projects, and in meeting a company’s not say anything about the expected flow during the life of a project. DCF
measures of economic performance. life of the project or system. Nor does is based on the present-value con-
Economic criteria for justifying a it say anything about earnings that cept, briefly defined as follows:
project vary from firm to firm. Three may be realized after the first three Consider first the value of a pres-
widely used methods — payback years. ent sum of money after interest pay-
period, rate of return on investment, However, because of its simplicity, ments have been added to it over a
discounted cash flow — and MAPI payback period can be useful in mak- period of time. This value is deter-
methods are covered here. ing a rough first pass at evaluating a mined from:
Payback period is generally the proposed project. It is also a good S = P +i)n
simplest and most widely used. Bas- tool for screening out obviously unat- Where S = The future amount, dollars
ically it involves the time period — tractive projects, or for quickly iden- P = The present amount, dollars
usually in months or years — that it tifying especially promising ones. I = Interest tate, percent
takes for earnings or savings real- Return on investment (ROI) pro- U = VIR PEION, Jemes:
ized from a project to equal the origi- vides a somewhat broader view, be- The value of a $10,000 investment
nal investment. In other words, it tells cause it considers the entire stream four years from now, at an annual
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interest rate of 10%, is:
S =$10,000 (1 + .10
= 10,000 (1.46) = $14,600
The reverse computation repre-
sents the determination of present
worth. It is determined from the recip-
rocal of the previous equation, or:

s ((110")

In this case, the interest rate is in
effect a discount rate. The present
value of a sum of $14,600 to be paid
four years from now, using a 10%
discount factor is:

P = $14,600 ( 1

(1.10)4

512600 (!
1.46

The object of DCF is to determine
that discount rate which will make the
present worths of all cash flows dur-
ing the life of the project equal to
zero.

This rate can then be compared
against the firm’s criterion of an ac-
ceptable present-value return on
cash investment. One objection to
DCF is that the computations can
become quite complex. However,
these usually can be readily per-
formed with graphical methods or
programmable calculators.

Obviously these techniques are
not limited to evaluating the feasibil-

) =$10,000
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ity of one given project. They are also
valuable tools for selecting the most
attractive project from several under
consideration. Applications of
payback, return on investment, and
discounted cash flow methods are
illustrated in the example.

The MAPI (Machinery and Allied
Products Institute) investment anal-
ysis approach also has been widely
used in recent years. It is based on
an adjusted after-tax rate-of-return
criterion.

Instead of estimating an average
rate of return over the life of a project,
the method estimates the initial rate
of return. A set of forms and charts is
available to help simplify the me-
chanics of the calculation. In arriving
at the income-tax adjustment to be
made, the charts account for the type
of tax depreciation to be used.

The basis of the method is the
MAPI formula, which attempts to es-
timate the rate of return based on a
number of factors related to the sub-
sequent year, relative to conditions
that would prevail if the company
went on without the proposed in-
vestment. A typical relationship is:

_B+Ca—Ci

-7
R (100)

In

Where: R = Average rate of return, percent.
This figure is also known as an
urgency rating. A large number
of proposed projects may be
assigned different urgency
ratings. If funds are limited, the
most urgent projects can be
undertaken first.

B = Next-year operating advantage
(the sum of the increase in
revenue and the decrease in
operating costs achieved by the
project), dollars.

C4 = Next year capital consumption
avoided (the loss of disposal
value from holding present
systems for another year plus
the next-year allocation of any
capital additions required in the
absence of the proposed
system), dollars.

Cj = Next year capital consumption
incurred (the amount by which
the use value becomes
depleted during the year),
dollars.

T = Next-year income-tax
adjustment (the net income tax
resulting from installation of the
new system), dollars.

In = Netinvestment (the installed
cost of the proposed system,
minus any investment released
or avoided by it), dollars.

A drawback to this method is that it
encourages a “cookbook” approach
to justification. Be sure the underly-
ing assumptions are understood be-
fore attempting to use this approach.



Comparing Payback, ROl and
Discounted-Cash-Flow
Methods

Consider the following situation: A
proposed system for updating an
existing operation requires the pur-
chase of equipment at a total cost of
$100,000. The equipment is esti-
mated to have a useful life of 10
years, with no salvage value. An an-
nual cost savings of $25,000 is antic-
ipated from the new system. A 10%
investment tax credit can be used. In
other words, up to 10% of the cost of
the new equipment can be deducted
from applicable income taxes. A tax
rate of 48% is assumed. Three dif-
ferent economic measures of feasi-
bility will be used to evaluate the
proposed project.

Payback. Data for the payback
calculation are shown in Table 6-I.
Years are shown from the year of
purchase, 0, to the last year of opera-
tion, 10, across the top. All figures in
parentheses are negative values.
For example, the $100,000 purchase
in year O represents a negative cash
flow or outflow. The 10% investment
credit reduces the outflow to a net of
$90,000.

The first operating year's savings
of $25,000 is a cash inflow. Federal
tax on the savings is 48% of $25,000,
or $12,000.

Another tax factor that must be
considered is depreciation. For the
payback analysis, an 8-year
double-declining balance method is
used. (In this method, a declining
periodic charge for depreciation is
made throughout the life of the proj-
ect, with greater amounts being
taken during the early years.) In year
1, the depreciation is 25% of
$100,000, or $25,000. Taxes are re-
duced by 48% of this figure, or
$12,000. This tax reduction is consi-
dered a cash inflow. Thus, the net
result for the first year is a cash in-
flow of $25,000. The cumulative cash
inflow is shown as ($90,000) +
$25,000, or ($65,000).

The same elements are operative
in year 2, except that the deprecia-
tion inflow has decreased. At the end
of year 5, the cumulative cash flow is
a positive inflow of $12,000. At this
point the net savings have exceeded
the equipment investment by
$12,000. The payback period is
therefore somewhere between years
4 and 5, and is interpolated at about
4Y3 years.

Return on investment. Data for
this method are shown in Table 6-11.
Depreciation for the ROI calculation
is straight line, meaning that equal
depreciation charges are taken dur-
ing each year of the project life. Also,
the investment tax credit does not
appear in the calculations. (When
ROl is used, investment tax credit
generally appears in a tax expense
account.)

The year’s depreciation charge of
$10,000 is deducted from the sav-
ings of $25,000 to yield an operating
income of $15,000. The 48% tax of
$7,200 is subtracted from this figure,
leaving a net of $7,800.

Average capital investment for the
year is shown in the final column. It is
the average of the net investment in
equipment at the beginning and end
of the year. For example, the net in-
vestment is $100,000 at the begin-
ning of the first year, and $90,000 at
the end after the $10,000 deprecia-
tion charge is deducted, so the aver-
age investment is $95,000.

Total return for the 10-year period
is $78,000, and the total average in-
vestment is $500,000. The return on
investment is $78,000 divided by
$500,000, or 15.6%. In order for the
project to be acceptable, this figure
must meet the firm’'s minimum ROI
criterion.

Discounted cash flow approach
uses the same basic data as
payback. The double-declining-bal-
ance method of depreciation also is
used, as is the 10% investment tax
credit. Cash outflow in year 0 is
$90,000. In year 1, there is a net
cash inflow of $25,000. In year 2 it is
$22,000, and in the 10th year it is
$13,000. With the depreciation
method used, the total tax deprecia-
tion charges have been deducted in
the first eight years, so no tax sav-
ings are realized from that source in
the final two years.

The total net cash inflow for the 10
operating years is $178,000. A dis-
count factor (percentage equivalent
to an interest rate) must now be
found that will produce present val-
ues for the cash inflows that will ap-
proximately equal the initial outflow
of $90,000. Determined basically by
trial-and-error procedures, this figure
will represent the rate of return on the
cash flows over the life of the equip-
ment.

An annual discount factor of 17%
produces the numbers shown in the
line labeled “Present value-cash
flow.” Note that the total of the pres-
ent value numbers for the 10 operat-
ing years equals $90,000. The
cumulative total, as shown on the
bottom line, is 0.

When different projects are being
compared with the DCF method, the
one having the highest discount fac-
tor will be most favorable. For in-
stance, if the cost savings were
$31,000 annually instead of $25,000,
the net cash flow would be about
$3,000 higher each year. A higher
discount factor would then be need-
ed to reduce the cash flows to a
cumulative present value of $90,000.
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Table 6-1

Payback
Year 0 1 2 3 4 5 6 7 8 9 10
Purchase (100)
Investment credit 10
Cost savings 25 25 25 25 25 25 25 25 25 25
Tax effect —
Cost savings (12) 12) (12) (12) (12) (12) (12) (12) (12) (12)
Depreciation 12 9 7 5 4 4 4 3
Net cash flow (90) 25 22 20 18 17 17 17 16 13 13
Cumulative (90) (65) (43) (23) (5) 1 12 29 46 62 75 88
Payback Approximately 473 years
Table 6-ll
Return on Investment
Income
Straight-line tax Net Average
Year Income depreciation at 48% return investment
1 25 10 7:2 7.8 95
2 25 10 7.2 7.8 85
3 25 10 72 7.8 75
4 25 10 7.2 7.8 65
5 25 10 7.2 7.8 55
6 25 10 7.2 7.8 45
7 25 10 7.2 7.8 35
8 25 10 7.2 7.8 25
9 25 10 7.2 7.8 15
10 25 10 7.2 7.8 5
Total 250 100 72 78 500
Return on investment is 78 + 500 = 15.6%
Table 6-lll
Discounted Cash Flow
Year 0 1 2 3 4 5 6 7 8 9 10
Purchase (100)
Investment credit 10
Cost savings 25 25 25 25 25 25 25 25 25 25
Tax effect —
Cost savings (12) (12) (12) (12) (12) (12) (12) (12) (12) (12)
Depreciation 12 9 7 5 4 4 4 3
Net cash flow (90) 25 22 20 18 17 17 17 16 13 13
Discount factor 1.00 .85 .73 .62 53 .46 .39 .33 .28 .24 21
Present value — cash flow (90 21 16 12 10 8 7 6 4 3 3
Cumulative (90) (69) (53) (41) (31) (23) (16) (10) (6) (3) -0-

The discount factor above is 17% annually.
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Chapter 7

Acquiring Equipment and Systems

In the final analysis, the key to
achieving a solution to a material
handling problem often lies in obtain-
ing appropriate equipment and sys-
tems. This step is the culmination of
much hard work expended in analyz-
ing material handling problems,
collecting and evaluating data, com-
paring alternative approaches,
developing a solution, identifying
equipment needs, and establishing
cost justifications. Typically, sources
of equipment and services can be
categorized as follows:

The manufacturer is a prime
source of equipment, although many
products are marketed through ma-
terial handling equipment distribu-
tors. The manufacturer or distributor
can furnish advice on equipment
selection in an effort to improve per-
formance or reduce cost, and may
suggest how a piece of standard
equipment can be modified to take
the place of a special design.

In general, equipment warranties
come from the manufacturer. The
manufacturer also provides operat-
ing and maintenance manuals, train-
ing aids, and other literature.

The distributor is often the imme-
diate source of equipment. He can
analyze equipment specifications
and make suggestions regarding
system layout and equipment choice.
He can also determine whether or
not standard equipment can be
supplied. Typically the distributor is
responsible for installation and field
wiring of equipment. He plays a lead-
ing role in feeding back performance
data to the manufacturer and any
consultants used on the project.

The distributor often can provide
specialized training classes for
operators and mechanics. Service
and parts stocking capabilities are
important considerations in selecting
vendor and distributor.

The consultant can bring a high
degree of objectivity into the analysis
of material handling problems. Typi-
cally he will perform an engineering
study of the problem, and provide

specific recommended solutions. He
may define volume projections for
the system and the required
throughput capacity.

Using the project schedule, the
consultant develops an overall im-
plementation schedule that guides all
parties in the execution of their as-
signed work. He may also prepare in-
formation flow procedures, and help
develop the bid specifications. In
some cases, the consultant also may
be asked to help in startup.

The engineering company can
perform engineering studies, design
systems and facilities, develop pro-
ject schedules, erect facilities, install
equipment, and start up operations.
In some cases an engineering com-
pany may be asked to provide a
“turnkey” job, meaning that it
assumes total, single-source
responsibility for the project.

A turnkey approach can have defi-
nite advantages in some situations.
However, as in any project, the cus-
tomer's personnel must be involved
in every phase of planning and start-
up in order for the system to ulti-
mately succeed.

The system supplier is a special-
ist firm dedicated to the design, en-
gineering, installation, and startup of
automated material handling sys-
tems for storage and retrieval and
other operations. Typically such a
supplier will manufacture some por-
tion of the equipment or controls to
be used in the system, subcontract-
ing other portions and frequently
serving as prime contractor. In a few
cases the customer may serve as
prime contractor, using several sys-
tem — or subsystem — suppliers.

For a system to be successful, the
supplier should be brought in early in
the project planning. He should be
provided with all pertinent data about
the operation. Finally, his respon-
sibilities — along with those of all
others involved in the project —
should be well-defined at the outset.
It is important that a master plan for
project implementation be estab-

lished and followed.

Proper Bid Specification

The importance of preparing well-
planned, written specifications — ac-
companied by scaled drawings if
possible — cannot be overempha-
sized, even for small jobs involving
only one or two pieces of equipment.
If equipment specifications are not
spelled out precisely, with little
chance for misinterpretation, com-
petitive bids can vary widely in price.

For example, consider a simple
application requiring an inclined belt
conveyor to serve a temporary stor-
age mezzanine. Cartons are to be
loaded onto the mezzanine, and re-
moved from it, several times a
month. The 50-Ib. cartons are 24 in.
long, 18 in. high, and 24 in. wide.

Operators at top and ground-floor
levels will handle the cartons man-
ually. The conveyor is to be reversi-
ble, and inclined 25 degrees. Two
vendors are called in individually and
provided an oral description of the
application requirements. No written
specifications or drawings are pro-
vided. The instructions end with the
statement, “Quote a good piece of
equipment.”

Resulting bids are shown in Table
7-1. Both units quoted will work,
although maintenance needs and
service lives may differ greatly.

Now assume that the verbal in-
structions ended with the statement:
“This is only a standby operation.
Quote the most economical con-
veyor available that will do the job.”

Under these circumstances, Ven-
dor 1 can offer a unit from a lower-
priced line he also carries. This alter-
native will still do the job, and is
priced $909 less than the conveyor
quoted by Vendor 2.

Buying, Leasing and Renting

There are three basic ways to ac-
quire the use of material handling
equipment. The equipment can be
purchased with cash or borrowed
money, leased, or rented. The cost of
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money should always be kept in
mind when making the decision.
(However, some types of equipment
may not be available on a lease or
rent basis.)

Outright purchase may be the
simplest method. However, alterna-
tive uses for the cash, including earn-
ing interest, or other investment,
should be considered. Or, the funds
might be applied to a project offering
a higher rate of return. Outright pur-
chase, of course, has the advantage
of conserving lines of credit. Be-
cause it involves no debt, financial or
operating ratios are not affected
adversely.

Financing may be more attractive
for companies that have most or all
of their capital funds tied up in acqui-
sitions,plant expansions or moderni-
zations. Payments can be prorated in
equal amounts over the useful life of
the equipment. The interest portion
of annual debt repayments is tax de-
ductible, and principal payments can
be offset by depreciation.

Leasing makes full use of the
equipment available without the
need for paying the full purchase
price. The customer pays for the
economic value of the equipment.
The lessor retains title to the equip-
ment, and realizes its residual or sal-
vage value.

In a true lease, the length of the
lease is usually based on an
agreed-upon estimate of the eco-
nomic life of the equipment in its in-

tended application. The residual
value of the equipment is then de-
ducted from the acquisition cost, and
the customer pays for the percent-
age of the equipment’s value that
applies to his operation. The title
does not pass from lessor to lessee.

Assume, for example, that a com-
pany leases a lift truck for its eco-
nomic life, which is five years in a
specific application. At the end of the
five-year period, the truck will have a
residual value of 20 percent of its
acquisition cost. The terms of the
lease would then be based on 80
percent of the truck’s acquisition
cost. A true lease must be distin-
guished from a lease with option,
which is considered to be a condi-
tional sales contract.

In a purchase-option approach,
the user can contract for the same
monthly payments as in a standard
lease, but also may have the option
to purchase the equipment for its fair
market salvage value. Numerous
variations of these two basic types of
lease agreement can be drawn up.

Leasing may be attractive for sev-
eral reasons. The level of a firm’'s
taxes or income may be such that it
cannot use an investment credit or
an accelerated depreciation
schedule. However, because the
lessor can use these benefits, he can
pass some of the savings on, in the
form of a lower lease payment. Thus,
in this manner one can regain some
of the benefits that were not available

with outright purchase.

Leasing also provides a hedge
against equipment obsolescence.
The agreement may be written in
such a way that the user can replace
equipment that has become obsolete
for technical or environmental rea-
sons or because of application
changes with more up-to-date
equipment.

Renting typically is the most ex-
pensive method of acquiring the use
of equipment, when compared to
other methods on a per-hour basis.
However, for many short-term situa-
tions, it may well be the most eco-
nomical over the life of the applica-
tion.

For example, renting is beneficial if
additional equipment is required for
only a few weeks a year, perhaps
during an inventory period, or to
meet peak-season demand. Renting
can also avoid or minimize the high
cost of equipment downtime. It may
be feasible to bring in a rental unit to
keep production going while a key
item of equipment is down for re-
pairs.

Consider a lift truck example. Typi-
cally the rental fee is based on the
hourly cost of use of the machine.
The customer still pays for fuel, main-
tenance, and the operator(s).

Assume that the agreement with a
distributor calls for renting a truck for
four months, at a rate of $625 a
month. The total rental cost is 4 x
$625 = $2500. Assuming the truck

Table 7-1
Example of Competing Bids for Inclined Belt Conveyor
Belt Data Drive
Length, ft.
(center to Frame Price,
Bidder Width, in. center) Type Size, HP Type Width, in. Controls dollars
Starter wired to
Rough motor. Two
Vendor 1 24 top 2 Center 28 pushbuttons: forward, 2214
stop, reverse.
Manual starter.
Rough Control rod for top
Vendor 2 18 top 12 Center 24 and bottom 1992
operation.
Vendor 1 Semi- 110 volt plug,
(alternate 12 rough 1 End 22 control rod, 1083
bid) top reverse switch.
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will be operated on a one-shift basis,
for 170 hours a month, the number of
total operating hours then is 4 x 170
or 680 hours. The hourly rental rate
then is $2500 divided by 680, or
$3.68 per hour.

A rental-purchase agreement may
be entered into, as an alternative to
straight renting. With this approach,
rental payments can be applied to-
ward the purchase of the equipment
at the end of the rental period.

The rental-purchase option thus
avoids the need for an immediate
capital outlay. It may be useful when
there is uncertainty about the future
level of business. Also, it can provide
an answer when sufficient cash is not
immediately available for a down
payment on the new equipment.
However, such an agreement is con-
sidered a conditional sales agree-
ment and must be accounted for as
such.

The Used Equipment Option
For some applications, used

equipment can provide several ad-
vantages beyond the obvious one of
low initial cost. For example, where
the equipment may be used only oc-
casionally, a used unit in good condi-
tion may be the economical choice.
Or, if capital funds are limited, used
items may provide the answer to a
need for additional equipment or a
specialized unit.

Often used equipment is available
immediately, and can mean the dif-
ference between being in production
right away or delaying operations for
months while awaiting delivery of
new equipment.

In many cases, the used equip-
ment may still be in good condition.
The owner merely found it more eco-
nomical to replace it with new items,
particularly if his operations
changed. In some cases, the equip-
ment may not have been applied cor-
rectly initially.

Another reason for getting rid of
equipment is obsolescence. Some
types of equipment may be obsolete

for one company’s needs, but may
still be highly applicable for
another’s. Still another reason is
bankruptcy. The owner may simply
be going out of business.

However, if the equipment has re-
ceived hard usage, particularly in
harsh environments as, for example,
in a foundry, it may not be as desira-
ble a buy. So, obviously, it is impor-
tant that the history of the equipment
be reviewed. In any case, when con-
sidering used equipment, determine
whether a warranty is offered, and if
so, for how long and by whom. Also
be sure to establish who is responsi-
ble for dismantling the equipment at
the old site, and for paying the ship-
ping charges.
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Chapter 8

Making Presentations to Management

One of the most crucial steps in
the life of any material handling proj-
ect is selling the concept to top man-
agement. In general the project is
competing against other demands on
available corporate funds, so the
chances of gaining acceptance will
depend on how carefully and effec-
tively the project's case is prepared
and presented.

Even today, the role of material
handling in cutting costs and improv-
ing productivity is not fully under-
stood or appreciated in many com-
panies. As stated earlier, many
people do not normally think of mate-
rial handling as a separate discipline,
or of problems in the plant being re-
lated specifically to material han-
dling. Even traditional business lan-
guage and accounting principles
tend to obscure the impact of mate-
rial handling.

Whenever possible, try to build an
awareness and appreciation for the
benefits available from proper mate-
rial handling on the part of your man-
agement and others in your organi-

zation. By itself, material handling is
not typically in the curriculum of most
executives, so one of the tasks may
be to help educate management in
this area. Articles in business publi-
cations and news about material
handling success stories at other
companies can be pointed out
whenever possible. In some in-
stances, findings or prepared reports
related to handling should be distrib-
uted. A management confronted with
inflation, foreign competition, raw
material shortages, and shortages of
skilled workers shouid be more atten-
tive to the message than ever before.
This presents the opportunity of serv-
ing as the “material handling ambas-
sador” in one’s company or plant.
However, the time to start is right
away — not just prior to making a
specific request for project funds.

Justifying the Project

The primary purpose of the pres-
entation will be to describe the pro-
posed project, explain its merits, and
tell why it should be undertaken by

the company. In general, there will
be more stress on economic informa-
tion than on technical data. Man-
agement usually will be inclined to
accept the technical soundness of
the project, and it is entirely possible
that technical questions may not
come up at all. Obviously, assump-
tions cannot be made about what
questions will be asked. Be prepared
to field any technical points that may
come up.

In some situations, presentations
will be made to more than one level
of management, in which case a
technical screening may come first.
Naturally, the support of one’s im-
mediate manager or supervisor
should be gained before proceeding
further.

Economic justification criteria were
discussed in detail in Chapter 6. The
presenter must, of course, follow the
criteria and decision rules used by
his firm, whether they involve
payback period, return on invest-
ment, discounted cash flow or other
approaches. A cardinal rule in such
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presentations is to speak the lan-
guage of the audience, and use its
rules, words, and conventions. Also
keep in mind that management is in-
terested in how the proposed project
will relate to long-term company
goals, and how it may affect various
functions within the organization.
Support the project with facts.

To present the best possible case,
be sure that all the potential benefits
of the project, including intangible or
non-quantifiable factors, are ac-
counted for. For example, if the proj-
ect promises safety or environmental
advantages that will help meet strin-
gent government regulations, one
can be sure of having management’s
attention, even if these items cannot
be assigned specific dollar values.

The following factors typically have
been used in justifying AS/R sys-
tems. Most are equally valid for other
kinds of material handling projects.
Check to see how many of these
benefits the proposed system prom-
ises to provide and be sure that they
are covered in the presentation.

* Reduced labor. By providing
labor savings, material handling sys-
tems may cut payroll costs, for direct
as well as non-direct personnel.

» Greater production efficiency.
Effective material control will avoid
delays in production or warehousing
operations, and minimize lost worker
time caused by material shortages.
Scheduling can be made with greater
confidence.

» Space savings. Properly applied
material handling and plant layout
procedures can result in substantial
savings in floor and cube space. In
many cases, construction of building
additions or even new buildings can
be avoided. If space savings are a
factor in the project, be sure to quan-
tify them in percentage terms, or in
terms of increased production capac-
ity.

» Fewer errors. Errors in produc-
tion and order picking can be re-
duced significantly with a properly
designed handling and storage sys-
tem. Try to provide a quantitative fig-
ure for error reduction if possible.

* Reduced pilferage. Better con-
trol over parts and materials reduces
the opportunities for pilferage. (An

average figure for inventory losses
due to pilferage amounted to $7,000
to $10,000 per year, for each $1 mil-
lion of inventory in stock.)

* Lower turnover expenses. The
cost of recruiting, equipping, and
training a new employee such as a
stock picker was in the neighborhood
of $3000. Automated S/R systems
have been estimated to reduce turn-
over by about 50 percent.

* Reduced product damage.
Eliminating some handling steps and
minimizing manual handling of inven-
tories will inevitably result in less
damage to products.

e Improved customer service.
The costs of lost orders caused by
slow or inaccurate deliveries may be
difficult to quantify, but they are very
real. An effective material handling
system that can speed deliveries and
serve customers better in other ways
is bound to result in new or increased
business.

* Reduced inventory costs.
Better control over materials can
permit reduced investments in inven-
tory, along with greater confidence in
inventory records. Studies have
shown that the average cost of carry-
ing inventory is about 30 percent of
the value of the inventory. A 10 per-
cent reduction in a $1 million inven-
tory could cut carrying costs by at
least $24,000 a year.

* Potential tax benefits. Often the
investment tax credit can be applied
for storage structure portions of AS/R
systems, and for rack-supported
buildings. In many cases higher in-
terest and depreciation expenses
can be written off against income
taxes.

« Improved job satisfaction. The
elimination of drudgery and difficult
manual handling will improve job
satisfaction and morale, thus leading
to a more stable work force and
higher levels of productivity. In some
cases, employees in low-level job
categories may be upgraded as a
result of the changeover.

Providing Options

In making the proposal, be pre-
pared to provide modifications or
alternate schemes for manage-
ment’s consideration. Such alternate

proposals may be needed if re-
stricted funds or other limitations
hinder full approval of the project as
initially proposed. Of course, each
feasible alternative should be ac-
companied with pertinent economic
data to aid management in making
the final decision.

If possible, each alternate ap-
proach also should be accompanied
by some type of risk estimate. Man-
agement is naturally concerned with
the degree of uncertainty involved
with a proposed project, such as the
accuracy of cost and payback esti-
mates. Management also is con-
cerned with future uncertainties. For
example, if there is a high probability
that certain items of equipment will
not be fully utilized over the life of the
project, the decision may swing to
leasing instead of outright purchase.
However, if leasing were not
suggested as an option, the entire
project could well be cancelled.

Presentation Techniques

Even if the project is technically
sound and promises attractive eco-
nomic benefits, its success or failure
may depend on the nature of the
presentation. A great deal of thought
should be given to ways of present-
ing information clearly and concisely,
and to the use of effective visual
aids. Remember, the audience is
composed of people whose interests
can be aroused or easily turned off.
Always speak the language of the
listener.

Strive to capture the attention of
the audience quickly, at the outset of
the presentation. Some experts say
that the first 50 words — and 30 sec-
onds — are the most important, be-
cause they are crucial in command-
ing initial favorable attention. There
is no second chance to create a good
first impression. At this stage, the
speaker should establish the rela-
tionship between himself, the subject
of the presentation, and the audi-
ence. In short, he is justifying his ap-
pearance before this group at this
time, because of the importance of
the subject matter to the organiza-
tion.

He must then generate genuine in-
terest in the project, followed by a
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desire to see it implemented. The
final step is motivation — getting the
group to act in support of the pro-
posed project.

As in any good report, key informa-
tion should be presented in clear,
concise, summarized form. Do not
belabor any points, or dwell on un-
necessary, extraneous material the
group does not need for decision
making. Make sure the project bene-
fits being sold stand out clearly and
can be absorbed quickly.

The use of pie charts or bar graphs
can help immensely in getting key
points across. Sometimes scale
models can do wonders in aiding un-
derstanding. Simple plan drawings,
with areas of interest emphasized by
special colors or overlays, also can
be very effective. Try to think of ways
to express facts quickly with clear,
good-quality visual aids. Use them
as necessary to get the message
across, but avoid being tricky or over-
ly theatrical.

Respect the time demands on the
audience, and at the same time
maintain control of the meeting. One
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way that control is sometimes lost is
by ending the formal presentation
with a question-and-answer session.
In this manner, control is relin-
quished to the audience. Some dif-
ficult questions may come up, and
there is a danger of the meeting end-
ing on an ambiguous or negative
note.

An alternate approach is to hold a
question-and-answer session prior to
the end — perhaps two-thirds or
three-quarters through the presenta-
tion. After questions have been
fielded, there is an opportunity for
clearing the air, regaining control
over the presentation, and ending on
a positive, upbeat note. A good end-
ing can have a tremendous impact
on the success of the presentation,
and can be as important as the initial,
attention-getting phase.

It may be important to identify the
one or two key opinion leaders in the
group, and especially aim the pres-
entation toward their interests. In
fact, it would be desirable to pre-sell
these key individuals in advance of
the meeting. They could be strong

allies later.

After the project has been sold, re-
sponsibility must be taken to make
sure that it is implemented properly
and delivers the results that were
promised. Remember, a track record
is being established that will influ-
ence future project proposals. There
is no better way to generate initial
favorable attention than by being
able to refer to past successes. On
the other hand, it will be difficult to
generate enthusiasm in the wake of
mediocre past performance.

Engineers and other technical pro-
fessionals, accustomed to dealing
with facts, data, and analytical pro-
cedures, may feel uncomfortable
with having to “sell” a concept. How-
ever, they should strive to develop
the necessary skills for this aspect of
their jobs, to ensure that their work
bears fruit, and that their contribu-
tions to the success of the firm do not
become lost through lack of clear
communications.



Chapter 9

Material Handling in the Total Organization

Although the words “material han-
dling” may not necessarily appear in
a company'’s organization chart, the
material handling function may
nevertheless be represented strong-
ly at various levels of the organiza-
tion. A number of factors influence
how material handling is organized in
a company or plant. They include the
size of the company, its use of mod-
ern business methods, its objectives,
and the nature of the product or
service.

In @ manufacturing facility material

handling provides a service and sup-
port function to production. Therefore
in some plants, it may occupy a staff
position. However, in other cases it
may be at a line level. It is especially
likely to be at a senior line level
where it is the primary activity. An
example might be a distribution
center, where operations center
around storing, retrieving, transport-
ing, and selling of goods produced
elsewhere.

The nature of the product also may
affect the role that handling plays.

Plant Manager
or
Profit Center Manager

Supervisor
Materials Management

For instance, material handling may
be a major element of the entire cost
of producing a low unit value bulk
product such as ore or coal. On the
other hand, it may have a more sub-
ordinate role in the manufacture of
high unit value products such as
automobiles, jewelry, or machine
tools, where handling provides a
smaller contribution to the final price
of the product. At the same time,
manufacture of high unit value but
fragile items may involve higher han-
dling costs.

Production Production K
Planning Scheduling Warehousing
Manager Manager Manager Manager Manager
Supervisor Supervisor Supervisor Supervisor Supervisor
Agent Agent Agent Agent Agent
Foreman Foreman Foreman Foreman Foreman
Proc!dure Orderv;ervice Shop FIoY)r Release Rece'iving Shipvping
Specification Release & Control Raw Material Packaging &
Expedite Allocation Requisition Work Warehouse Packaging
Value Analysis Inventory Policy Material Movement Material Handling Value
(Plant) Requisition Transport

Fig. 9-1

Traffic/Claims

May be combined
in smaller operations.

An example of a material management organizational structure at one company indicates broad responsibility over many functions

including material handling.
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Organization Approaches

Material handling can — and often
does — have both staff and line roles
in an organization. For example, it
can be part of the plant’s staff engi-
neering responsibility, with reporting
lines to the top company engineering
executive, the plant manager, the
plant engineering department, or
head of industrial engineering. Some
companies have a corporate material
handling manager or specialist at a
senior staff position, reporting to
operating management or the senior
manufacturing executive. This indi-
vidual — and his support staff — may
set company-wide material handling
practices, drawing upon internal
engineering or outside suppliers or
consultants for specialized assist-
ance.

In some cases, individual plants
may each have a separate material
handling department, with operating
responsibility for all or portions of the
facility’s material handling activities.
The material handling department
works closely with production or var-
ious support functions to coordinate
scheduling of materials, labor,
equipment, and storage facilities to
meet ongoing requirements.

Some material handling activities
may be under the control of indi-
vidual production departments, as for
example when fixed handling equip-
ment such as cranes and conveyors
is assigned to a department. Mainte-
nance service typically is provided by
plant engineering. Such an approach
is often taken by organizations hav-
ing decentralized and autonomous
departments.

Depending on the nature of opera-
tions and the size of the company or
plant, greater efficiencies often can
be realized by having equipment
controlled by a plant-wide pool, with
individual items being shared by de-
partments as required. Maximum
equipment utilization often is
achieved in this manner. In cases
where equipment is assigned out-
right to a department, its daily opera-
tion is the responsibility of the
department head. Training, mainte-
nance, and other support activities
are provided by the pool. Units also
might be dispatched to departments
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on a job basis with the pool retaining
control over the equipment.

The pooling approach is often
taken with mobile equipment such as
lift trucks, tractor trains, personnel
and burden carriers, and mobile
cranes. The practice is frequently fol-
lowed in organizations having strong
centralized operations, or in large
companies.

For example, at one major au-
tomotive manufacturing complex, lift
trucks, and other industrial vehicles,
and commercial transport carriers
are under the control of a general
foreman for truck repair and trans-
portation. The department head is
responsible for specifying and pur-
chasing all new vehicles for the facil-
ity, as well as for performing all vehi-
cle maintenance and repair. Its re-
sponsibilities include engine rebuild-
ing, motor rewinding, designing
battery-charging rooms, developing
truck replacement criteria, and train-
ing of mechanics and drivers. Spe-
cific production departments are
assigned lift trucks as they need
them.

Relationship to Other
Functions

From the discussion so far, it
should be clear that material han-
dling responsibilities may appear in
several places in the organization
structure. This fact is true also be-
cause of the relationship of handling
to other functions. The following are
some of the major areas in which ma-
terial handling has a role:

Manufacturing. In industrial man-
ufacturing plants, the primary role of
material handling is to support the
production function, by providing ma-
terials to the production floor when
needed, moving them into the con-
figurations required at the work-
place, and removing and storing
processed goods.

Production and inventory con-
trol. Receiving, shipping, and pro-
duction schedules imply a close
correlation with the handling and
storage resources of the facility.
Changes in inventory levels may
require modification of storage prac-
tices. Storage also plays a vital
balancing role when production runs

with different rates are involved.

Plant engineering. Design, erec-
tion, and maintenance of the facility
are among the responsibilities of this
group, along with installation and
maintenance of material handling
equipment. The plant engineer must
be intimately involved in the planning
of any major project, including AS/R
systems, to help ensure long-run
success. Maintenance may be per-
formed on a work-order basis from a
central department, or plant en-
gineering personnel may be as-
signed full or part time to depart-
ments.

Industrial engineering. Much of
the industrial engineer’s work in-
volves utilization of efficient material
handling. Plant layout must of
necessity include consideration of
material flow and handling require-
ments. Process and Methods en-
gineering involves the positioning
and flow of work, and work standards
can be applied to evaluation of mate-
rial handling activities.

Quality control and inspection.
Appropriate handling practices are
necessary to minimize damage to
products during storage, in-plant
handling, and shipment. Inspection
procedures can be greatly enhanced
by the methods used in moving and
identifying materials.

Purchasing. Purchasing policies
can affect inventory quantities, which
in turn have an impact on handling
methods and costs. And, the pur-
chasing function can be used to in-
fluence delivery methods and
schedules, and the load configura-
tions that are acceptable for plant
handling systems.

Packaging. In-plant handling
methods often are affected by pack-
aging and shipping requirements.
The package also serves as a han-
dling aid in protecting the product
during its transportation, and in
further functioning as a storage aid at
the destination point, as in the case
of a package designed to permit
stacking.

Warehousing. Material handling
is usually the primary activity in a
warehouse, whether it is part of a
production plant or an independent
distribution center. Typical handling



activities include receiving, sorting,
storing, retrieving, conveying, com-
bining, packing, and shipping. For
some firms, automated high-rise
storage and retrieval systems repre-
sent the technological state-of-the-
art in applying material handling effi-
ciencies to warehousing.

Physical distribution. Another
area having a high material handling
component is the broad range of ac-
tivities involving the movement of
products from the manufacturing op-
eration to the ultimate consumer.
Warehousing and traffic manage-

ment are among the disciplines that
can be covered under this “umbrella”
function, which is also concerned
with inter-plant movement of mate-
rials by multiple-plant companies.
Marketing and sales. A com-
pany’'s marketing efforts can have a
significant effect on handling prac-
tices in its plant. Order volumes can
determine manufacturing methods,
means of bringing materials to and
from the production floor, and
methods of raw, in-process, and
finished-goods storage. Packages
may be designed to be sales and

merchandising tools. Agreements
with customers can dictate shipping
load configurations, and the use of
pallets, slipsheets, or other unitizing
equipment. Types of carriers and de-
livery schedule commitments will
also impinge on plant and dock han-
dling methods, and the degree of
mechanization required. In an age
where fast, decisive response to
market requirements is necessary, it
is difficult to think of another function
that has as much an overall effect on
a plant’s handling operations.

President
V.P. V.P. V. P. V.P.
Engineering Operations Finance Marketing
_____ Material
Handling S EEEESSSSES ‘r___—"|
r———-—-- - Director I I
I I |
|
| | |
I | I
| Manager l 'y
| Plant A i ki
|
| ]
i : ]
| Accounting
Plant Eopeiel i I Industrial
Engineering r%:gt lon B Engineering

Material

Handling

Material
Handling

Material
Handling
&
Plant
Layout

Fig. 9-2

In this organization, a Director of Material Handling reports to the Vice President of Operations in a staff capacity. He has a dotted line relationship with the
corporate Vice President of Engineering, because at times he may call upon internal engineering for assistance. He also has dotted line relationships with
Plant Engineering, Production, and Industrial Engineering, because he sets corporate guidelines for material handling procedures. The circles at the
bottom represent functions, rather than departments or management levels. They indicate that Plant Engineering, Production, and Industrial Engineering
each perform a material handling function within the organization.
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Production
Department
A

Material
Handling
Equipment
(Cranes, Conveyors)

Industrial
Engineering

In a decentralized approach, Production Department A has complete control over material handling equipment in its area. It may call upon Plant
Engineering for installation and maintenance assistance, or upon Industrial Engineering for help with equipment layout. However, final authority for
equipment disposition rests with the production department.

The Team Approach

The interrelationship of handling
with other functions often promotes
the formation of interdisciplinary
project committees or teams to plan
and implement major material han-
dling systems. Such teams constitute
special material handling organiza-
tions set up for the life of the project
or facility.

An example of this approach was a
team program developed several
years ago by a major engine manu-
facturer planning a new plant that
would incorporate automatic high-
rise storage and towline conveying.
The internal material handling team
included representatives from main-
tenance, production control, plant
layout, industrial engineering, pur-
chasing, systems development, and
financial control. Plant engineering,
manufacturing, and manufacturing
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engineering also provided inputs.
Team members were slated to be-
come members of the plant man-
agement staff when the new facility
was completed.

These representatives provided
inputs regarding their department
needs, and communicated material
handling plans back to their associ-
ates. They also shared in the selec-
tion of the hardware and system
suppliers. In addition, team respon-
sibilities included scheduling, per-
sonnel training, startup, and monitor-
ing of system performance. Almost
invariably, the ultimate success or
failure of a material handling system
depends on the effectiveness of such
a project team, as it strives to incor-
porate the perspectives of various
disciplines in the system plan.

Material Management

The interrelationships among vari-
ous functions concerned with the
flow of materials have led to a mate-
rial management organization in a
number of companies. Under this
approach, the director of material
management is responsible for coor-
dinating the activities of purchasing,
material handling, packaging, pro-
duction planning, receiving distribu-
tion, order processing, inventory con-
trol, warehousing, shipping, and
transportation. Usually one of his
basic tools is Material Requirements
Planning (MRP), a time-phased sys-
tem of procuring and scheduling ma-
terials tied to specific operating plans
or manufacturing schedules.

One type of material management
structure is shown here. Many varia-
tions are possible, including having a
senior-level director of material man-



agement responsible for coordinat-
ing corporate-wide material flow
control.

Organization Alternatives
By now it is obvious that material
handling cannot be neatly pigeon-

holed in the corporate organization
chart. The needs of the firm, tradi-
tional practices of its industry, nature
of the product, and various other fac-
tors influence how it is organized in a
plant or warehouse. Various alterna-
tive approaches are shown here.

Plant
Manager

I

Perhaps more important than the
form of any specific chart is having
the material handling function visible
and effectively organized and con-
trolled, and seeing its contribution to
overall operating efficiency and prof-
its properly recognized.

1

Manufacturing
Services

Manufacturing

| 1

1 I

r

Tooling Industrial

Engineering

Plant Equipment

Dept. B

Engineering Services

Fig. 9-4

Material Handling
Equipment
(Lift trucks,

mobile cranes,
personnel vehicles)

One centralized concept places control over handling equipment under a plant-wide pool (the Equipment Services box). Equipment is assigned to
departments on the basis of operating requirements, but control over the equipment rests with the pool. Preventive maintenance is scheduled and
performed by Plant Engineering.
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Chapter 10

Training, Safety, and Maintenance

Industry studies have shown that
over one-fifth of reported industrial
accidents are related to handling,
particularly lifting and other types of
manual effort. One of the major goals
of modern material handling meth-
ods is to improve safety of industrial
operations. To be successful, any
safety effort must include a good
combination of training, equipment
selection and maintenance, proper
operating practices, and a formalized
program of inspection.

Training

Training is a key ingredient.
Operators who are well trained in the
characteristics of their equipment,

and who understand their assign--

ments, are far less prone to be in-
volved in an accident.

Taking conveyors as an example,
the location and operation of push-
button stations should be reviewed
carefully with plant personnel. In
many recorded accidents involving
powered conveyors, failure to shut
down the unit promptly has been due
to inadequate personnel training as
much as to any other single factor.
The results of such inadequate train-
ing can be both tragic and unneces-
sary.

Lift truck operation is another area
involving a major training effort, for
both operators and mechanics. Such
training is called for in industrial
facilities by the U.S. Occupational
Safety and Health Administration
(OSHA). ltis also a good investment,
because it pays off in reduced dam-
age to products, equipment, and
plant facilities. Bent rack uprights,
broken pallets, and damaged walls
and doors all point to a lack of proper
training or supervision, or both, in
many plants. The following are also
indicators of inadequate lift truck
operator training:

e High maintenance costs —
operators may not be performing
routine checks.

« Excessive product damage and
customer complaints.
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* High incidence of lift-truck-
related accidents.

* Damage to physical plant.

« High level of fuel consumption.

Regardless of the type of equip-
ment involved, supervisors must be
trained as well as operators. In par-
ticular, supervisors should be familiar
with the following items:

 Material handling requirements in
the plant.

« Suitability of the equipment for
the materials being handled.

« Environmental effects on equip-
ment operations.

« Effects of equipment on the envi-
ronment (carbon monoxide and
exhaust fumes).

e Equipment service and repair
requirements.

» Operator capabilities.

* Procedures for planned use and
servicing of material handling
equipment.

Many excellent training programs
are available from material handling
equipment manufacturers and dis-
tributors. Frequently distributors can
assist in setting up training courses
or even conduct them in your plant.
Private firms, associations and
societies such as the National Safety
Council and the International Mate-
rial Management Society also have
developed programs that may be
purchased. Some equipment manu-
facturers hold special training
schools at their facilities, and
specialized courses are available at
area junior colleges and trade
schools.

As far as in-plant training goes, a
typical program will include a kit of
printed, programmed training mate-
rials such as an instructor’'s guide,
student workbooks, test materials,
and practical exercises. Operator
certificates and licenses certifying
successful course completion gen-
erally are included. Slides, motion
pictures, and videotape also may be
used.

For example, one lift truck manu-
facturer recently introduced video-

tape training programs for use in the
plant. The package includes one or
more reels put together into custo-
mized packages for seminars and
in-plant courses. With this approach,
special equipment features, such as
electronic controls or an unusual lift
configuration or drive axle, can be
shown — with narrative accompani-
ment — to a maintenance mechanic
at the time that assistance is needed.
Training tapes also are available to
familiarize operators with the con-
trols and techniques necessary to
maneuver a truck safely and confi-
dently.

Another program involves six self-
instructional training courses on in-
dustrial crane operation and safety.
They can be used individually or as a
complete set for training new plant
employees and material handling
personnel, and for remedial study by
working crane operators. Subjects
include general crane safety, struc-
tural factors, and specialized study
courses for operators of pendant,
cab, and hot-metal cranes.

All courses consist of an audio
cassette, illustrated workbook, and
progress test. The subject material is
presented in cassette lecture format
and reinforced by related illustra-
tions, diagrams, and questions. The
tests measure progress and identify
areas requiring additional study.

In all likelihood, no one stand-
ardized course or program will fill all
training needs. Usually, though, one
of the available standard programs
can be used as a base on which to
tailor a program best suited for a par-
ticular facility and its personnel.

Who should be trained? First, an
operator of material handling equip-
ment should be alert, healthy, and
coordinated, have good eyesight and
depth perception, and be able to
read and understand directions.
Simple tests can be conducted to de-
termine mechanical capability, men-
tal alertness, and physical suitability
of potential operators. In any case,
health is an important consideration.



Application and retraining. After
the investment in training has been
made, steps must be taken to ensure
that it is not lost. Often there is a
danger of a newly trained person re-
turning to the job and laying aside
everything he has learned in order to
get back to his regular, day-to-day
responsibilities.

Plan to use the training. Assign
jobs to the trainee that will exercise
his new knowledge and skills. As a
last resort, even “makework” may be
considered in order to see that the
employee gets a chance to apply his
new knowledge.

Principles of the training course
should be reviewed with the operator
or mechanic promptly after its com-
pletion. Pose questions that will re-
quire an application of the training.
Any weaknesses in retained knowl-
edge should be uncovered and rem-
edied at this time.

Finally, the program should in-
clude a provision for followup training
somewhere between a few months
to a year after the initial course. The
goal of all these efforts is to make
sure that once the operator is
trained, he stays trained.

Equipment design. Equipment
design is aimed at achieving ever-
greater levels of safety in plant and
warehouse operations. Many safety
features are built into a wide variety
of types of equipment. Some fea-
tures are standard, others are op-
tional. The following are just a few
brief examples:

Hoists. Electric hoists are
equipped with at least two independ-
ent braking systems — a motor
brake and a supplementary load or
control brake. Other hoist features
can include overload protection de-
vices and limit switches that prevent
the hoist block from coming in con-
tact with any part of the hoist frame.

Cranes. Various types of control
systems can be used on cranes to
prevent excessive swinging of loads.
Runways are equipped with end
stops and cranes with energy-
absorbing bumpers to cushion the
impact of a crane stopping at the end
of a runway. If more than one crane
is used on a runway, various anti-
collision methods — including elec-

tronic techniques — can be used to
decelerate the cranes when they
approach a preset distance between
one another.

Lift trucks. Lift truck manufactur-
ers design and build trucks that meet
or surpass standards for safety, as
set forth by the American National
Standards Institute (ANSI), Occupa-
tional Safety and Health Administra-
tion (OSHA), National Fire Protection
Association (NFPA), or Underwriters
Laboratories (UL). Trucks are
equipped with overhead guards and
other safeguards prescribed by law,
and must meet specific longitudinal
and lateral stability standards. Units
using attachments must be derated.

Overload protection systems are
also available for lift trucks. One ap-
proach uses a control valve in the
hydraulic system that shuts off hy-
draulic flow when tilt cylinder pres-
sures exceed a preset rating.
Another method also controls hy-
draulic system operation, using elec-
tronic sensors to detect overload
conditions and activate an alarm.

Storage racks and shelving. De-
sign standards for racks include fac-
tors for withstanding horizontal
forces, and in certain areas of the
country designs must take seismic
forces into account. Specific criteria
covering such items as floor support
and shelf-beam deflection are in-
cluded in ANSI or Rack Manufactur-
ers Institute (RMI) specifications.
Special fire-safety protection is pro-
vided for certain rack configurations,
particularly in high-rise storage sys-
tems. Specific safety standards are
followed for double-deck and mez-
zanine shelving systems with regard
to stairways, railings, kickplates,
aisles, guards, floor loading protec-
tion, and headroom.

Conveyors. A number of safety
features have been built into con-
veyor systems. Proper location of
on-off controls is essential, as is the
use of warning lights and buzzers.
Guards are used for enclosing
drives, pulleys, and other moving
components. Pinch points are cov-
ered with protective plates. Popout
rollers are used on live-roll con-
veyors to prevent wedging between
a roller and the drive belt. As is true

with other classes of equipment, vis-
ual warnings are provided by signs
and labels placed at critical system
areas. New materials and various
design approaches are being
employed to reduce noise levels.

Battery handling systems. Care
must be taken in planning ways to
handle batteries for lift trucks and
other types of electric handling
equipment. Special lifting beams of
various designs are frequently used,
either operated from the forks of a lift
truck, or as part of a permanent bat-
tery charging room system. Such
methods have eliminated heavy
manual hauling, and minimize the
possibility of accidental spills of bat-
tery fluids. Charging rooms must be
equipped with proper ventilation sys-
tems, and only authorized persons
should be allowed to be in such
rooms. Smoking is prohibited.

Budgeting for safety. As equip-
ment acquisitions are being planned,
make sure safety features are incor-
porated that will be needed in the
application. However, keep in mind
that safety is not “free” or automatic.
In many cases, the desired safety
provisions may be optional, and
extra funds will have to be budgeted
for them. For example, the guarding
required for some types of overhead
conveyor systems may be rather
expensive.

It's a good idea to keep the
supplier informed of the intended
uses of the equipment being or-
dered. A qualified supplier should be
able to provide safety recommenda-
tions or at least suggest that the
manufacturer be consulted on cer-
tain questions. None of this advice
will be forthcoming, however, if
suppliers are not informed about how
the equipment is to be used.

Inspections. As discussed previ-
ously, operators must be trained to
perform safely. Lists of do’s and
don’ts provide an excellent way of
emphasizing the message. Typical
examples are shown here.

Formal inspection programs
should be established and carried
out consistently. Many inspection
procedures are covered in OSHA
regulations for specific classes of
equipment. Record-keeping re-
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quirements also have been spelled
‘out. Remember that in the final
analysis, thorough inspections and
accurate record keeping are impor-
tant not only for complying with
OSHA, but are also key elements of
preventive maintenance. As such,
they can have significant impact
upon the productivity of an operation.
For example, if a machine shop or
fabrication area is served by just one
hoist, and the hoist becomes in-
operative, the entire area may have
to shut down. Downtime of this kind
often can be avoided through good
preventive maintenance, including
regular inspection.

Frequency and scope of inspec-
tions should be spelled out. They will
depend on the type of equipment,
how critical it is to the operation and
to safety, and its frequency of use.
For example, consider the following
types of inspections that might typi-
cally apply to overhead cranes:

* Daily inspections are performed
by an operator before the crane
is put to use on the first shift.

« Weekly inspections might be per-
formed for cranes that are used
regularly, and which are rated as
most critical in terms of severity
of usage, effect on environment,
and potential hazard.

e Monthly inspections are per-
formed on all other active cranes
in the plant, and on critical stand-
by cranes.

e Semiannual inspections are per-
formed on all standby cranes.

e Annual inspections covering
specific items — such as check-
ing crane hooks for cracks with
sonic testing or magnetic particle
testing — are performed on
designated cranes.

Scope of inspection performed at
different frequencies might include:
limited (correcting a defect reported
by an operator), regular (operating
mechanisms, hydraulic system com-
ponents, hooks, chains, slings, and
running ropes), and major (all items
included in regular inspections, plus
additional items such as structural
members, rivets and bolts, sheaves
and drums, brake system parts and
electrical apparatus.)

Duty cycles of equipment also
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must be considered. For hoists, for
example, duty-cycle factors include
liting height, frequency of lifting, and
percentage of lifts at or near rated
load capacity.

Accurate record keeping is a
must if the full value of an inspection
program is to be realized. An identifi-
cation number should be assigned to
each item of equipment. File folders
should be maintained, and should in-
clude items such as: manufacturer’s
installation and operating instruc-
tions; date of inspection, and test;
documentation that the equipment
complies with safety codes; inspec-
tion forms; and records of mainte-
nance work, tests, and safety
checks.

Training of inspectors is as essen-
tial as training of operators and
supervisors. Permanent inspectors
should be assigned for each shift.
The inspectors should have authority
to remove equipment from service if
it does not conform to safety stand-
ards.

Often it is useful for inspectors to
share findings with other employees.
For example, faulty chain sections or
attachments or frayed wire rope can
be displayed to demonstrate the re-
sults of improper sling usage.

Maintenance

The importance of proper mainte-
nance to safe operations cannot be
overemphasized. Well-designed
equipment can become unsafe to
operators if improperly maintained. It
also can have harmful effects on the
environment. Examples include ex-
cessive exhaust fumes from indus-
trial trucks with improperly tuned en-
gines, and high noise levels from
conveyor systems that have not
been properly maintained.

Training of mechanics and service
personnel must go hand in hand with
a commitment to a preventive main-
tenance program that will be followed
consistently, in spite of day-to-day
operating pressures. Some firms
have found a contract maintenance
program, administered by the
equipment distributor or other out-
side organization, to be an effective
approach.

OSHA and Material Handling

The Occupational Safety and
Health Act (OSHA) was enacted to
improve safety and provide healthful
working conditions. It has had a sig-
nificant impact upon a variety of in-
dustrial operations, including those
involving material handling. As seen
in the listing at the end of this chap-
ter, some major classes of handling
equipment are covered specifically in
sections of the OSHA regulations.

In many instances, equipment may
not be covered directly as a category
by OSHA, but portions of the regula-
tions may affect it. For example, at
the time the chapter was written,
there was no section in the Federal
Register dealing specifically with in-
dustrial storage shelving. However,
there are sections that affect mez-
zanine shelving installations. Para-
graphs 1910.21, “Walking-working
surfaces,” and 1910.35 and 1910.37,
“Means of egress,” cover stairways,
railings, kickplates, aisles, guards,
floor loading protection, and head-
room.

Even if as yet some types of
equipment are not covered specif-
ically by OSHA, there is still a re-
sponsibility by law to provide a safe
workplace. In the absence of OSHA
regulations, other sources can be
searched for guidelines on achieving
compliance. Industry consensus
standards and manufacturer specifi-
cations are among such sources,
and a number are listed at the end of
this chapter. Other sources include
manufacturers, distributors, consul-
tants, and other users of similar
equipment.

Current OSHA Review Commis-
sion rulings also can provide some
guidelines. Obviously not all citations
issued are upheld when challenged.
The regulation regarding overhead
guards on lift trucks is an example.
Some citations have been dismissed
when it was clearly demonstrated
that operating conditions do not per-
mit use of a guard, as in one case
involving a vast number of overhead
obstructions that would be prohibitive
and impractical to remove. In another
case, the citation was dismissed not
because of operating conditions, but
because the truck did not really fall



under the regulation. It was ruled that
because the truck did not lift loads
above the operator’s head, it was not
a high-lift truck and therefore did not
require a guard.”

Sources of information about train-
ing, equipment, and safety and in-
spection practices should be con-
tinually sought and updated. As
many of the following information
sources should be consulted as pos-
sible:

* ANSI standards

 Consultants

* Independent testing organiza-

tions

* Industry association consensus

standards

* Insurance underwriting groups

* Local codes

» Manufacturer/distributor custo-

mer service departments

» Manufacturer’s literature

* Material handling textbooks and

handbooks

* Short courses and seminars

« State director of safety

* U.S. Department of Labor

Various standards and regulations
pertaining to safety of material han-
dling equipment and operations are
listed in the accompanying section.

Unfortunately, despite the best
precautions and safety programs,
accidents will still occur occasionally.
It is vital that emergency procedures
for dealing quickly and effectively
with accidents be developed and
understood by all. Establishment of
an emergency plan is a necessary
part of any safety and training effort.

*Information on OSHA rulings may be ob-
tained from: Occupational Safety & Health
Reporter, Published by The Bureau of Na-
tional Affairs Inc., 1231 25th St., NW, Wash-
ington, DC 20037.

Typical Safety Guidelines

Hoist Warning
To Avoid Injury, Do Not:

« Lift more than rated load.

« Lift people or load over people.

* Operate with twisted, kinked, or damaged rope or chain.

* Operate damaged or malfunctioning hoist.

* Operate if rope is not seated in grooves, or chain in pockets.

« Operate unless travel limit devices function — test each shift.

* Operate hand-powered hoist except with hand power.

Do’s and Don’ts For Safe Rigging

Do:

* Determine load weight.

* Check sling-leg tensions before lifting.

* Use spreader bars and shackles to balance weights.
* Minimize sharp bends and edge contacts.

* Equalize loads.

Don’t:

» Wrap a rope or sling leg around a hook.

» Twist or knot a chain, or force a sling eye.
« Place severe bend on rope or chain.

* Attempt to mend or join slings.

* Make lifts with unsecured slings or chains.

Belt Conveyor Safety Tips

* Avoid overhanging loads.

* Avoid excess side forces on belt.

* Do not remove guarding.

* Do not craw! under conveyor.

* Review locations of on-off controls and power lockouts.
* Review proper startup and shutdown procedures.

Fig. 10-1
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Safety-Related Standards
and Regulations for

Material Handling

The following listing contains stand-
ards and specifications on various
major classes of material handling
equipment. Where an OSHA regula-
tion exists, it is also included. Some
of the items are specifically oriented
to safety. Others are equipment
specifications which contain impor-
tant safety-related sections. Any list-
ing such as this must, of course, be
brought up to date from time to time
as new standards and regulations
are established, and existing ones
are updated.

Conveyors and Elevators

Safety Standard for Conveyors and Related
Equipment; ANSI B20.1-1976

Safety Code for Elevators, Dumbwaiters,
Escalators, & Moving Walks; ANSI A17.1-
1971

Fire Protection for Belt Conveyors; FM 7-11

Cranes and Monorails

Overhead and Gantry Cranes; Federal Regis-
ter; OSHA Part 1910.178

Safety Standard for Monorail Systems &
Underhung Cranes; ANSI B30.11-73

Safety Code for Crawler, Locomotive, & Truck
Cranes; ANSI B30.5-68

Safety Standard for Mobile Hydraulic Cranes;
ANSI B30.15

Safety Standard for Overhead and Gantry
Cranes; ANSI B30.20-1976

Safety Code for Derricks; ANSI B3016-1969

Specifications for Electric Overhead Traveling
Cranes; CMAA No. 70

Specifications for Underhung Cranes & Mono-
rail Systems, MMA

Specifications for Electric Overhead Traveling
Cranes for Steel Mill Service; AISE No. 6

National Electrical Code; NFPA No. 70. NEC
Consensus; CMAA

Hoists

Safety Standard for Overhead Hoists; ANSI
B30.16

Safety Standard for Hooks; ANSI B30.10

NEC Consensus; HMI

Standard Specifications for Electric Chain
Hoists; HMI-400

Standard Specifications for Wire Rope Hoists;
HMI-100

Standard Specifications for Hand-Operated
Chain Hoists; HMI-200

Standard Specifications for Manually Lever
Operated Chain Hoists; HMI-300

Powered Industrial Trucks

Powered Industrial Trucks; Federal Register;
OSHA Part 1910.178

Forks and Fork Carriers for Powered Industrial
Fork Lift Trucks; ANSI MH 11.4-1973

Rough Terrain Fork Lift Trucks; ANSI B56.6-
1978

Safety Standard for Electric Battery Powered
Industrial Trucks; ANSI B56.3-1971
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Safety Standard for Internal Combustion En-
gine Powered Industrial Trucks; ANSI
B56.4-1971

Safety Standard for Powered Industrial
Trucks; ANSI B56.1-1975

Type Designations, Areas of Use, Mainte-
nance, & Operation of Powered Industrial
Trucks; NFPA No. 505-1975, also ANSI
B56.2-1975

Storage Systems and Equipment

Considerations for Planning and Installing an
Automated Storage/Retrieval System;
AS/RS Product Section, MHI

Indoor General Storage; NFPA 231

Outdoor General Storage; NFPA 231-A

Liquid Storage

Flammable Liquid Drum Storage & Dispens-
ing; FM 8-5

Practices for Ventilation & Operation of
Open-Surface Tanks; ANSI 29.1-1971

Storage and Handling of Liquefied Petroleum
Gases; ANSI Z106.1-70

Storage Tanks for Flammable Liquids; FM
7-88

Underground Leakage of Flammable & Com-
bustible Liquids; NFPA 329

Storage Racks

Rack Storage of Materials; NFPA 231-C

Specifications for the Design, Testing, & Utili-
zation of Industrial Steel Storage Racks;
ANSI MH16.1-74

Jacks
Safety Code for Jacks; ANSI B30.1

Rope
Lifting Crane Wire-Rope Strength Factors;

SAE J959

Slings

Industrial Slings; Federal Register; OSHA
Parts 1910.184

Safety Standard for Slings; ANSI B30.9

Alloy Steel Chain & Alloy Steel Chain Slings
for Overhead Lifting; AISC No. 4

Key to Organizations

AISC

American Institute of Steel Construction, Inc.
Three Gateway Center, Suite 2350
Pittsburgh, PA 15222

ANSI

American National Standards Institute, Inc.
1430 Broadway

New York, NY 10018

NFPA

National Fire Protection Association
470 Atlantic Avenue

Boston, MA 02210

CMAA

Crane Manufacturers Association of America,
Inc.

1326 Freeport Rd.

Pittsburgh, PA 15238

HMI

Hoist Manufacturers Institute
1326 Freeport Road
Pittsburgh, PA 15238

MHI

The Material Handling Institute, Inc.
1326 Freeport Rd.

Pittsburgh, PA 15238

SAE

Society of Automotive Engineers, Inc.
400 Commonwealth Dr.

Warrendale, PA 15096

OSHA

Occupational Safety & Health Administration
U.S. Department of Labor

Washington, DC 20210 or regional offices

FM

Factory Mutual System

1151 Boston-Providence Turnpike
Norwood, MA 02062

MMA

Monorail Manufacturers Association, Inc.
1326 Freeport Rd.

Pittsburgh, PA 15238

RMI

Rack Manufacturers Institute
1326 Freeport Rd.
Pittsburgh, PA 15238



Chapter 11

Material Handling in the Future

One of the major trends in the
future of material handling will be the
closer joining of information and con-
trol technology to material handling
operations. The ability of an organi-
zation to properly generate, interpret,
and use timely information will be crit-
ical to its efficiency, productivity, and
ability to compete.

Certainly equipment develop-
ments and improvements will con-
tinue to be important, and the direc-
tions many of these developments
will take can be seen today. In par-
ticular, future generations of equip-
ment will be incorporating features
involving the following:

* Increased safety of operation.

* Greater energy efficiency.

* Alternate power source capabil-

ity.

* Adaptability to controls and au-

tomation.

* Self-diagnostic capability.

* Ease of servicing.

* Ease of operation.

More sophisticated methods of jus-
tifying equipment and systems ex-
penditures also will be used, such as
life cycle costing, which takes into
account all costs associated with the
equipment over its expected useful
life. Systems planning also will be
more sophisticated, and will place in-
creasing reliance upon simulation
and other quantitative techniques
discussed in Chapter 4.

Management will continue to be-
come more scientific, with decision
making being based heavily on
available real-time information. One
yardstick of successful management
will be its ability to respond effec-
tively to rapid change, and to guide
company affairs through periods of
transition.

Computers and Controls

The continuing revolution in com-
puter technology has made the use
of small industrial computers, which
can be dedicated to controlling spe-
cific items of equipment such as
cranes, conveyors, lift trucks, and

S/R machines, feasible for small
users as well as large. The following
are a few brief examples of applica-
tions of computing elements to mate-
rial handling equipment in use today:

Boom-crane control. A micro-
computer-based load-moment indi-
cator system can be used for boom-
type cranes. The system generates
all load, angle, and radius data nec-
essary for maintaining proper crane
operation. It is actuated from inside
the crane cab.

Automated sorting. Sorting of
packages in high-volume operations
is controlled with a microprocessor.
An operator encodes the destination
for each package into a control sta-
tion keyboard. Belt conveyors move
the packages away from the control
station, and onto sorting lanes. Up-
dated on package travel by photo-
electric sensors, the control station
automatically actuates divert mech-
anisms to route packages down
appropriate exit lanes.

Computer-directed order pick-
ing. A man-aboard high-rise order
picker has a video display and
keyboard console on board. Ad-
dressing information from a mini-
computer directs the vehicle along a
guidewire path until it reaches the
picking location, aided by an auto-

matic shelf positioner. The minicom-
puter in turn receives work schedules
and updated inventory information
from a corporate computer.

Automated parts storage. An au-
tomated storage/retrieval machine —
equipped with code-reading scan-
ners and microprocessor controls —
retracts desired coded bins and
brings them to an operator station.
While the operator is picking from
one bin, the machine returns a previ-
ously used bin. The system can be
operator-directed  through a
keyboard entry terminal, or it may be
under computer control.

Although these logic and control
devices can improve the efficiency of
individual items of equipment, their
greater value lies in the fact that they
facilitate integration of individual ac-
tivities into overall system opera-
tions.

Tying it into systems. Application
of automated S/R systems got its
start in inventory control and high-
volume order filling in warehouses
and distribution centers. However,
there is now a growing trend toward
applying AS/R systems in manufac-
turing facilities, and to link the stor-
age systems with production-floor
operations.

The system in the accompanying

~ Parts storage
1 system
HH
T =
High-rise
rack
building
Inspection

Manufacturing

Fig. 11-1

Automated storage/retrieval systems serve manufacturing areas.
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illustration is one currently in opera-
tion at a manufacturing plant. A
three-aisle unit-load storage system
and a six-aisle miniload system op-
erate together to supply materials to
the manufacturing floor within pre-
cise schedules. Primary function of
the unit-load system is to supply ma-
terials to the miniload parts storage
area, where parts to be assembled
are stored in kits. Operators place re-
trieved parts into containers that are
conveyed to the manufacturing area
and automatically diverted through
drop zones to work stations.

In some cases, throughput levels
may not justify the use of conveyors,
but other equally efficient methods of
transporting materials between stor-
age and operations are desired. De-
pending on the levels of automation
required, alternative approaches

may include transfer cars travelling
along rails to work stations, or elec-
tronically controlled robot vehicles
following flexible guidewire paths in
the floor. Having automated forward
and reverse travel and self-loading
and unloading capabilities, robot ve-
hicles can operate without operator
intervention. Whatever method is
used, the linking of automated stor-
age and retrieval with manufacturing
represents a new dimension in indus-
trial operations and a major step
toward the ideal of the automated
factory.

Applications of
Industrial Robots

Another significant step toward in-
creased automation of handling is
the use of industrial robots. Robotics,
the science of designing and apply-

ing of robots, is growing quickly.
Applications of industrial robots are
proliferating throughout the world.

Robots vary widely in complexity
and capability. However, all have
several basic components in com-
mon — a mechanical manipulator, a
controller that stores data and directs
movement of the manipulator, and a
power supply. In a sophisticated
robot, control is effected by a mini-
computer.

Some robots are relatively simple
devices with fixed programs de-
signed for very specific, limited tasks.
Others are easily reprogrammable
and can manipulate over many axes
of freedom. They have built-in
memories and can be led through
work sequences in the field. Mechan-
ical arms or manipulating elements
of robots can be fitted with various

Automated

Storage/Retrieval

System

Multi-level
manufacturing

Fig. 11-2

Automated S/R system handles incoming, in-process, and finished goods, and serves manufacturing areas on multiple levels.
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types of tooling, such as grasping
fingers, welding heads, power tools,
and paint-spraying heads. The fol-
lowing are some applications in
which industrial robots are being
used:

* Plastic molding

« Forging

e Assembly

* Hazardous environments

Industrial robots are excellent tools
in hazardous applications where

duction of robots to assembly, sort-
ing, or manufacturing operations can
provide significant jumps in produc-
tivity. As with any item of industrial
equipment, robots must be carefully
cost justified for the tasks at hand,

* Palletizing humans should be kept away from except for situations where they
* Die casting the operating environment. They are provide obvious safety or social
» Stamping also well-suited for rote tasks that are benefits.

* Machine loading tedious, boring, or degrading to Newer-generation robots are
» Welding humans. In many cases, the intro- being equipped with optical sensors

Stacking rubber bales

lift

- ~
s N Stacked bales.
z Eight or nine
7 7 Y levels, three
/ / \ , bales perlevel.
' ) Alternate
Y+ loading
levels
Sizing
Nest
Sizing nest
4onveyor #1 Conveyor #2
Scissor

Feeding machine tools

Auto body
loaded Robot
welders
Welding
car bodies

High speed
return line

Ra
' Auto body
unloaded

Fig. 11-3
Typical examples of industrial robot applications.
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and TV cameras to provide visual in- Elbow
spection and analysis capabilities. extensio
Other types of sensors can be used Shoulder
to provide robots with tactile or swivel
“touch and feel” capability. Feed-
back systems can then be tied in with
sensors to permit alterations in
operating programs to be made
automatically. The logical extension
of such developments is an integrat-
ed system of operations involving
sensors, actuators, manipulators,

computers, and teaching and diag- Y
nostic equipment used in performing
automated batch manufacturing.

The science of robotics has been X

called by some the “second indus-
trial revolution.” The first industrial
revolution involved the development
of machines to perform mechanical
work that previously had been done

only by humans. The second revolu- Fig. 11-4
tion — in its infancy but growing — General-purpose robot. Termination of arm can be fitted with various types of grippers or tools.
has to do with incorporating intelli-
gence functions into these working
machines. (A familiar example is the
use of numerically controlled — NC
— machines in place of older units
that required manual turning of hand
cranks to control removal of metal or Data Input Core Operator's
wood.) There is little doubt that s Memery Siecce
robots will be broadly used as han- :
dling tools in the future.

The Information Explosion

To be properly utilized, all the
equipment, systems, controls, and
planning techniques discussed in Terminals Mini- Disc
this and previous chapters depend, & Displays Campeiler FD
in the final analysis, on one unifying
element — appropriate information
available at the right time and place.
Effective material handling of the fu-
ture will be more dependent on real-

time, on-line information than ever Other
before. machines
In the coming years, the ability of a : =

company to generate, interpret, and Micro- 4\ Henn

act upon relevant information will be processor sl

as important, if not more so, as its Power Control Power Control

ability to properly apply equipment Circuits Circuits
Sen- Sen-

and systems on the plant floor. el e

Energy shortages, productivity de- Storage Conveyor

mands, growth of world markets, and Machine Equipment

other pressures are requiring com- Mechanisms

panies to become increasingly effi-
cient in order to maintain their com-
petitive positions or even to survive. Fig 11-5
Hence, the need for accurate, timely Distributive control system.
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Control Computer Vehicles
Individual Conveyor Individual
Machines Sections Vehicles

Fig. 11-6

Hierarchic control system.

data is becoming more and more
critical.

The availability of improved and
more economical computers and
peripheral readout and display
equipment has been a major factor in
spurring the growth of the informa-
tion sciences field. And, the use of
distributive computer systems — in
which information handling tasks are
shared by two or more computers —
has made industrial data processing
and system control more reliable
than before, because a computer
failure need not affect an entire op-
eration. Distributive systems are also
capable of responding quickly to
changes in operating conditions.

A related concept that will see in-
creased usage is that of hierarchic
control — whereby computers
operating at different levels of the
enterprise are linked through com-
munications systems. An example
might be a microprocessor used to
control a single S/R machine, tied to
a minicomputer that controls an en-
tire AS/R system, tied in turn to a

larger plant data-processing compu-
ter. The latter is, in turn, linked to a
corporate computer supervising
corporate-wide marketing, manage-
ment services, production and inven-
tory control systems.

The need for rapid, on-the-spot
data will increase the use and impor-
tance of automatic identification
equipment in material handling sys-
tems. Machine-readable codes will
be used to far greater degree, not
just on packages, pallets, and con-
tainers, but also on parts — shafts,
gears, axles, and various assembly
components. And, uniform code sys-
tems will be used more widely
throughout the distribution process,
with brokers, distributors, manufac-
turers, customers, and others being
links in the overall system chain.

Obviously, in such an environ-
ment, material handling cannot op-
erate as an isolated activity. The
need for timing material flow proces-
ses with delivery and shipment
schedules will be greater than ever
before, and more organizations will

be making use of material require-
ments planning (MRP) techniques
and formalized material manage-
ment systems.

In summary, the future of material
handling will include a continuing
evolution of more efficient and effec-
tive types of handling equipment,
operating within integrated systems
to achieve maximum productivity and
energy efficiency in manufacturing
plants, warehouses, distribution cen-
ters, terminals, hospitals and other
institutions, airports, and a variety of
other facilities. Tied to this systems
concept will be a continuing series of
developments in controls, automa-
tion, and information processes to
make material handling systems ef-
fective tools for meeting the goals of
the organization. Above all, profes-
sionals with a variety of technical,
business, and information science
backgrounds and skills will be
needed to successfully plan, design,
and implement material handling
systems of the future.
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Figs. 4-3
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Appendix Il — Sources of Information

The following listing provides references to literature and other
sources for those interested in obtaining additional information about
material handling:

Books

Facility Layout and Location: An Analytical Approach, White, J. A..
Prentice-Hall, 1974.

Material Handling Systems Design, Apple, J. M., Ronald Press, New
York, 1972.

Planning and Managing Materials Flow, Sims, E. R., Jr., Industrial
Education Institute, 1968.

Plant Layout and Materials Handling, 3rd Ed., Apple, J. M., Ronald
Press, New York, 1977.

Principles of Engineering Economic Analysis, White, J. A., Agee, M.
H., and Case, K. E., John Wiley and Sons, New York, 1977.

Systematic Handling Analysis, Muther, R., and Haganas, K.,
Management and Industrial Research Publications, Kansas City, MO,
1969.

Systematic Layout Planning, 2nd Ed., Muther, R., Cahners Books,
Boston, 1973.

Catalogs and Directories

Material Handling Engineering Handbook & Directory, Penton/IPC,
Inc., 614 Superior Ave. West, Cleveland, OH 44113.

MHI Literature Catalog, The Material Handling Institute, Inc., 1326
Freeport Rd., Pittsburgh, PA 15238.

Plant Engineering Directory and Specifications Catalog, Technical
Publishing, a company of The Dun & Bradstreet Corporation, 1301 S.
Grove Ave., Barrington, IL 60010.

General Literature
Lesson Guide Outline, College-Industrial Council on Material
Handling Education, 1326 Freeport Rd., Pittsburgh, PA 15238.
Material Handling Review and Certification Guide, International
Material Management Society, 3310 Bardaville Dr., Lansing, MI 48906.
Plant Engineering Material Handling Library, Technical Publishing, a
company of The Dun & Bradstreet Corporation, 1301 S. Grove Ave.,
Barrington, IL 60010.

Periodicals

Distribution/Warehouse Cost Digest, Marketing Publications Inc., 217
National Press Building, Washington, DC 20045.

Engineer’s Digest, Walker-Davis Publications, Inc., 2500 Office
Center, Willow Grove, PA 19090.

Handling & Shipping, Penton/IPC, Inc., 614 Superior Ave. West,
Cleveland, OH 44113.

Industrial Engineering, 25 Technology Park/Atlanta, Norcross, GA
30071.

Industry Equipment News, Thomas Publishing Co., One Penn Plaza,
250 W. 34th St., New York, NY 10001.

Industry Week, Penton/IPC, Inc., 614 Superior Ave. West, Cleveland,
OH 44113.

Material Handling Engineering, Penton/IPC, Inc., 614 Superior Ave.
West, Cleveland, OH 44113.

Material Handling Product News, Gordon Publications, Inc., 20

Community Place, Morristown, NJ 07960.

Materials Management & Distribution, Maclean-Hunter Publishing
Co., 481 University Ave., Toronto, M5W 1A7, Ont., Canada.

Modern Materials Handling, Cahners Publishing Co., 221 Columbus
Ave., Boston MA 02116.

New Equipment Digest, Penton/IPC, Inc., 614 Superior Ave. West,
Cleveland, OH 44113.

Plant Engineering , Technical Publishing, a company of The Dun &
Bradstreet Corporation, 1301 S. Grove Ave., Barrington, IL 60010.

Production Engineering, Penton/IPC, Inc., 614 Superior Ave. West,
Cleveland, OH 44113.

Traffic Management, Cahners Publishing Co., 221 Columbus Ave.,
Boston, MA 02116.

Professional Societies and Trade Associations

The following organizations serve as sources of information on ma-
terial handling subjects. Many sponsor educational seminars, and pub-
lish brochures, monographs, or standards related to material handling:

American Institute of Industrial Engineers, Inc., 25 Technology
Park/Atlanta, Norcross, GA 30092.
American Institute of Plant Engineers, 3975 Erie Ave., Cincinnati, OH
45208.
American Society of Mechanical Engineers, 345 E. 47th St., New
York, NY 10017.
American Production and Inventory Control Society, Watergate Office
Bldg., Suite 504, 2600 Virginia Ave., N.W., Washington, DC 20037.
Caster and Floor Truck Manufacturers Association, 3525 W. Peterson
Ave., Chicago, IL 60645.
Conveyor Equipment Manufacturers Association, 1000 Vermont Ave..
N.W., Washington, DC 20005.
Institute of Electrical & Electronic Engineers, 345 East 47th St., New
York, NY 10017.
International Material Management Society, 3310 Bardaville Dr.,
Lansing, MI 48906.
Material Handling Equipment Distributors Association, 102 Wilmot
Road, Suite 210, Deerfield, IL 60015.
The Material Handling Institute, Inc. (MHI), 1326 Freeport Rd.,
Pittsburgh, PA 15238.
Affiliated organizations:
Crane Manufacturers Association of America, Inc.
Hoist Manufacturers Institute
The Industrial Truck Association
Monorail Manufacturers Association, Inc.
Rack Manufacturers Institute
National Wooden Pallet and Container Association, 1619
Massachusetts Ave., N.W., Washington, DC 20036.
Packaging Institute, Inc., 342 Madison Ave., New York, NY 10017.
Society of Packaging and Handling Engineers, 14 E. Jackson St.,
Chicago, IL 60604.
Society of Manufacturing Engineers, 20501 Ford Rd., P.O. Box 930,
Dearborn, M1 48128.
Warehousing Education and Research Council, Suite 375, 5725 East
River Rd., Chicago, IL 60631.
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Appendix lll — About The Material Handling Institute, Inc.

The Material Handling Institute, Inc. (MHI), is a national
trade association incorporated in 1945. Active member
companies make and market industrial material handling
equipment and systems or user specified components for
such equipment in facilities maintained by the member in
the United States. Associate membership is held by busi-
ness publications.
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The Material Handling Institute, Inc., provides an ag-
gressive legally constituted and administered forum
whereby concerted actions necessary to maintain and
stimulate the continuing growth of the industry nationally
and internationally are formulated and undertaken on an
ongoing basis.
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