PLIAIT SER L v e oty

;lxl ferent sizg boxes, and these boxes [it the pallets perfectly, When the parts were moved L0 the
Assembly line, the box fit into a holding device that held the box in perfect position for use.
Another example of the systems approach is a TV manufacturer.

The TV manu-

fucturer did not make the wooden cabinet but purchased it from a supplier. The supplicr

built the wooden cabinet, packaged it into

q cardboard box that the TV manufacturer

(he carton, and was

xwd-‘ provided. The cabinet came into the TV plant, was removed from
placed on a conveyor for the assembly of the TV set into the cabinet. The carton was

then placed on an overhead belt conveyor that carried it to

the packout department.

W }un the TV was completed, it was placed back in the same carton in which it was re-
ceived. That carton was then moved to the warchouse and shipped to the customers all

in the same carton.

| A 1 OON! N o . 3 b P N 1 ~
~ In another example, a major oil company purchascd plastic poltles from an cutside

tes, closed, stacked on a pallet, and shipped Lo a customer.

s S —

tem is where everything scems to fit together.

e ————— o

2 Tho hiaterial Flow Principls

lavout. The {abrication analysis techniques

us to choose an optimum material handling system.

! 4. The Work Simplification Principle

manufacturer. The quart bottles were packaged in a carton of 12 with separators between
every bottle. These cartons were placed on @ pallet and shipped into the oil company’s bol-
ting plant. In the plant, the bettes were dumped onto d fillin
empty carton was conveyed (o the packout end of the filling line and repacked with 12 bot-

o line and filled with oil. The

o

The systems principle integrates as many steps in the process is possible into a sin-
- ale system from the vendor through our plant and out to our customers. An integrated sys-

In the previous chaplers, we discussed techniques for creating an optimum material flow
and the asscmbly
showed us how to place equipment-for the shortest flow. The following 10 techniques help

and packout techniques

( Material handling, like every other arca of work, should be scrutinized for cost reduction.

The work simplific

will sav

©

ation formula tells us 10 ask four questions:

|. Can this job be climinated? This is the {irst question asked because & positive answer
¢ the maximum amount ol cost, namely, everything. Material handling tasks can
olten be climinated by combining production operations together.

If we can't eliminate, can we combine this movement. with other movements to reduce

- simplification principle. It we can

e

times m
handling system (hat moves material automat

are a pood example of this.

LSRN VPO RINRL S et i doss e
el BN e S

{ that cost? The it load concept (a special section of this chapter) is based on this work
move two for the same cost

L die move will be halt. Just think, what if we could move 1,000 instead of one. Many
ves can be cffectively climinated when comb

as one, the unit cost of

incd with an automatic material
ically between workstations. Conveyors
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Material Handling
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Sifwe can't eliminate or combine
travel distances? Re
'.‘;E.:-(.-. the material b

i lhcc_‘:(‘i l;:l;‘ ::]l:[;:,n?(’ Lh(. Ol?crl:ui(ms :.n'ounnl to reduce the
o nake the travel t|l.\jlillh:u.‘$ less will re-
{;’x;‘.' can't eliminate, combine, or re
job easier, Transportation or materi
wWoik more than
handling are:

:l-

route, can we simplify? Simplification is making the
] .ul handling equipment has taken the drudgery oul of
any other type of equipment. Some simplification ideas for material

. carts instead ol carrying

b. 1uller conveyors to move boxes from trucks to the plant floor

C. two-wheel hand trucks

d. manipulators can make superpeople out of everyone
slides or chutes

L. rolltop tables (ball bearings)

£. mechanization

o

h. automation

Cost reduction is a part of-cvery engincer and manager’s job. Material handling cquipment
makes cost reduction casicr.

5. Use Gravity

Gravity power is free and there are unlimited ways to use it at workstations inorderto bitnz
material into the station and to remove finished parts, Gravity can move material biiwieen
workstations) A golf club manufacturer moves golf club heads between machines on in-
clined skate wheel conveyors in boxes of 100, The boxes move themsclves into position at
the next station. A bar stool manulacturing plant moves the finished stools away [rom the
packout workstation with a conveyor that elevates the stool o 12 feet where it drops off
onto a flexible skate wheel conveyor and rolls up 200 fect to a truck awaiting shipment, or
to a storage location in the warchousc. '

6. Maximize the Building Cube

A voal of material handling is to maximizs the building cube.® Rucks, mezz;
overhead conveyaors are o few of the material hundling devices that promote this goal. The
Tostof purchasing or leasing land and the additional costs of building plant space are sig-

nificant costs, which are always on the increasc. The belter we use our building cube, the

Jess space we need to buy or rent.

#The building cube is the cubic feet of the building volume resulting from multiplying the Luilding’s length

times width times height.
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gi 7. Unit Size Principle
E fx unit load is a load of many parts that move as one, The advantages of a unit load is thag
% W1 faster and chieaper than moving parts onc at a tme. the disadvantages are: '
o T
| L. Cost of making the unit loads and deunitizing
i
i D "Vaes gl , . i o
=+ e weignt (the weight of boxes, pallets, and the like)
f 3. What to do with the rmplics
i d 0 Thes syl Foae , . i )
| L. The need for heavy equipment and its spacc reguirernents
2 OF ¢churse, the advantages must outweigh the disadvantages before we would recommend
i auntt load system.
~ The most common unit load is the pallét. Almost anything can be stacked on a pallet
7 tied with Londing or plastic wrap and maved around the plant or world as one anil. Pailets
2 . : ¢ l
5 are made of a variety of materials with arcatly differing costs.
Cardbourd pailets @ $1.00 each will make one rip.
Plastic pallets @ $4.00 cach will make 20 trips.
Vocden pallets @ $20.00 cach will make 100 trips.
Stet sKids @ $150.00 cach will make 2,000 trips.
g i we hadd po chance of getting our pallet ov the cost of this pallet back, we wouli use @ caid-
g vourd pullet, If we used only pallets within qur plang, we would choose the steel paiiet be-
ceitr its cost per move would be only one-third a wooden or plastic pallet. Strangih, dura-
g bility, versatility, weight, size, cost, and ease of use must all be considered when chousing
a unit Joud technique. Wooden pallets are tne most popular because the trucking industry
trades pailets. When t-uckers drop 18 full paliat loads of material, they pick up 18 eraptics
and return ticin 1o 1. supplier. Tens of thousands of dollars per year can be lost without a
pallet control system. '
Tiwe pallet is only one of the under niuss techniques of unit loading. Othery exclude
boxes, tubs, and slip sheets. Still others are squeezing and suspending methods of handling
: thie unit Joad. ‘
3 Suucezing the oad is performed by a clamp truck. The product is stacked on the
floor into pullet patterns just like on paliets (see Figure 10-2). When the stack is comiplete

o Tork truck with two vertical plates (about 4 < 4 feet) diives up to the stack with one plate
nt side and the other plate on the left side. The two plates are pulled toward cach

on the rigt . _ N
¢ squeezing the material between the plates. The load can now be moved. This load
. - <)

othu

* PETITY a Ta °d £ wiant e . sl W . “""‘.'A.r‘:“l.,
can be placed on top of another stack of similar products right up to the ml.llus iy ‘15 |
vantage is nopallet cost or space. Trailers can be loaded and unloaded with no palicas
Cullite o b & o .

needed.
In the process of suspendin

p unit loads [rom bridge cranes or jib cranes, 1 hook sus-
2 lifting motor and attaches to chining or cables arcund the Toad. Lumber, ste
o

\l
C.
ds from . | o, el
;. and steel plates are often moved (his way. A monorail conveyor can also move miny

R A MM 012 000

pen
coils
paris ataime,

5
%
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i
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Figure 10.2 Pavllet Pattern
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8. Mechanization Principle - , "’

]

'1 he
- nechanization principle is to add power to eliminate manual movmv Mechanization
S ot necessarily mean automation. It s smmly implics the usc of mcchdmcal tools to aid

in the movement of material. A common hand Truck and a dolly arc pcrfeu examples of
mechanization without automation, ‘

9. Automation Principle

The automation principle makes moves automatic. Many new systems are conzletely au-
tomatic. Automatic storage and retricval systems place material into storage vucks anto-
m.mc.ally {no peopic assistance) and remove it when needed. Many inachines are autematic
because material iandling equipment load and unload the machine. Autoriation js s 2 vy
of the future and cven the manual system must think toward the future =vhen suicmaiion
will be justified.

- An enginc block is automatically moved from machine to machine. Ipr_zeoc sssing.
Machine centers arc arranged around an indexing’ table. When-all machines {inish t.cir
function, the table advances one station and the machines go back to work. The finishzd
parts can be removed by gravity, or a robot can pick up the finisiied pait and place it in a
container. This principle is fun to work with becayse youx creative efforts wm be well re-

warded and personally gratifying.

' 10. Equipment Selection Principle

Which picce of material handhng cquipment should we use? Whick probicims shoukd be
\ (
studied first? Should 1 do an gverview before sludymn the individual material haadling

problems? These arc 1ypu.al questions asked by a new 'project engineer. ‘\:Vncu, lo starl 1;
easy—just start collecting information about the product (material) and the l\\?VC '()ob) :d
serics of questions has been dcveloped that has been used for ﬂunemnon? by r\(,:ﬁmfl‘b\f:' }')u:l)
these questions will serve the material handling plOJL,(,I engineer well: Why? Who o Wi
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Figure 10-3 The Material Handling Equation

0 S
&: NECESSARY MATERIAL|  PLUS THE MOVE S oD
A% | /4 X
% | _WHY —> WHAT—> WHERE —» WHEN = HOW & WHO_
< POSSIBLE | SIZE | FREQUENCY - ° FANDOWER
L QUANTITY | . SPEED

~ Where? When? How? If we answer these quesnons dBout cach move, the solution will be-
come evident,

The material handling equation is a plan for a systexmm. approach to equipment so-
lution (sce Figure 10-3).

Understand the material plus the move and the proper piece of equipment will
develop.
Here is a list of the specific questions to ask!

L. Why are we making this move? (Why?) This question is asked first because if a good an-

swer i3 not forthcoming, we can climinate this move. By combining operations,.the
4 move between operations can be eliminated. We can combine machines together (called
1 work cells) and eliminate moves.

!

W hat ¢re we moving? (What?) Understanding what is being moved requires a knowl-

edge of thie size, shape, weight, and the number being moved and the kind of material.
With the knowledge of what needs to be moved, we have half the information ruqun«.d
S ' to make an equipment selection.

‘l\)

. Where are we moving the mater ial from and to? (Where?) It the move is the same every
time, « fixed path lechmque is warrantced (Lonvcyor) If the move changes {rom part to
part, a variable path technique is used (industrial tr uck). I the path is short, maybe grav-
ity can be used (c.g., slides, rollers, skatewheel).

[F% ]

d 4. When is the move nceded? (When?) Is thig move once or twice a day7 If so, an indus-
wial truck is warranted. If this is several times a minute, a conveyor is used. A few ex-
amples of dnalyzmg the material + move = method follow item 5 below.
5. Hew will the move be made’ (How?) Will we move it by hand, or by conveyor, or by fork
; truck. Many options are available to us and the most cost-efficient method is our goal.
\ o R
i Here are a few examples of ways to put these questions into action.
| Example 1: Oil from a tanker truck o a tank farm for a bottling company.
g% Why = we need oil to pul into quart cans
& '
? What = ol
: "{ Where = from tank truck to tank farm
‘ CHAPTER 10
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Who
When

How

Example 2. Unload 20,000 pounds of fl

Why

' \Vha( L= 20’000_p

from 1

Where
Who

. : thd

How

Why
What
Where
Who
When

How

Why
What
Where
Who
When

How

you will do.

Material Handling
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Example 3

receiving clerk
1 Mo -
our times » day as they arrive

PUMp—meier ang hose

v

; at steel stock from a flatbed tr
. Rlunt‘l(mzlybc S@,il would b; better)
ounq loads of steel (3-1/2 feet X 10 ey
atbed trailer into our storage wea
receiving clerk

we necd

steel in our ailer into our plant,

X 20 inches)
area

+40,000 pounds per day (one truck) -

bridge crane

: Move parts one at a time from spot weld through paint to assembly.
moving a major amount of our product automatically

= tloolboxes and tote trays

= from spot weld to paint to assembly -

]

“automatically
11 parts per minqlc; %132_ minutes per shift
overhead conveyorbelt

Example 4: Move all the product (cxcept sheet metal) from the recciving dock to stores and/or
to manufacturing.

1o keep a bank of material so that we do not run out of raw material and parts
all raw matcrial and purchased parts

from receiving io stores to manufacturing

storc clerk ‘

as material arrives and as production requests material

narrow aisle reach truck

As information is collected, the picture becomes clearer and the plan takes shape. The
more you know about the material and the move, the better the job of equipment selection

-~

11. The Standardization Principle

‘There are many types of material handling cquipment—shop bo.\'c'.\', bins, pallets, shelves,
racks, conveyors, trucks, and the like—and in cvery arca, we wanl Lo sl‘nn > on o1
(or as few as possible) size, type, and cven brand name. Tlmc rcasons arc many, and they
chang¢ with the type of cquipment, but if we have a special | | i lor v
& age, we will have too many different types and sizes 0 m?'cnlory ;'m Lﬁ(())llln d
Material handling moving equipment (like fork trucks) are manufactured by many comp

dardize on one

picce of cquipment for cvery
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nies. We need to ¢ _ - -
Pal'ls-inv:s:;-;? l:’llzl(l)t?::n{;: :mc ;(l‘nd then stay with that brand. type, and size because spare '
Equipment selection and sl‘a.x'x :'H.d_c')pe:ratlon of this equipment will bc' n.n?st cost efficient.
hing. Este of rmbtariel it ardization should not be ba'scd‘ on the mm:El puichase cost
s, ounershin, of the mysten \nlg..sl}]rs‘tcms'.cun‘bc .grlc.upcd into. Lwo c.atcgorle.s:-;,-,g,h,c costof
sl SR asts. i Vhe c’(;; n; mcludes. the initial purclmf,e,,pgc,;;,arr._\.ci,‘_thc,._,s,llx_bsequent
cost of training Dc;'%onncli . of the operation of the system, This latter cost mchgdcs'; the
el ussocimgd wi‘1 e t.)‘u.slc‘: the system safely, energy cost, and other direct or indirect
Having only a (¢ M (-) l!w system. '
(ow sizes of Carlo>;1:o;::; :l::ti:_s“(])l c.::.trl‘ons will snn].)lil'y the 's!orugc‘ area. We may [)l.ll these
iced by one type of lift l-‘ single sized pallet and into a uniform sized rack, which 1s serv-
ruck.

12. The Adaptability Principle

}jf:):(cli‘illlp;)l:nigt);]:ﬁ(c::in l(:loc n:any di f’f'crc{mi j_olb's.withqug, excessive changeover time or costs.
e Clln[:wel} can b'c_'juslmeo ina rcusoqubic wnount of time, then go ahead,
_ at change is inevitable, and.your. special purpose equipment-will become -
beolclc and uscless. The adaptability principle is the best reason Lo buy a fork truck, which
is very versatile. With any amount ol production volume, there is almost always l better
way 1o move material other than by fork truck.

Buy standard size pallets, buy shop containers that will handle a variety of parts, and

ll)uy storage equipment ihat can store a wide variety of products. In this way, change will be
ess costly.

13. The Dead Weight Principle

“Don’t use a 20-pound sledge hammerto drive a tack.” Try to reduce the ratio of equipment
weight to product weight. Don’t buy equipment thatis bigger than necessary.

Tare weight is a lerm used to describe the weight of packaging material. When we
move a product, wc place the product ‘110 a container; we may place packaging materials
around the product to prevent damage while moving. These containers may be placed on
pallets as well. The container, the stuffing, and the pallet all add up to the tare weight. If we
ship this packaging, the tarc weight costs as much to ship as does our product. This pack-
aging is also expensive to buy. So, the goal is to reduce this tarc weight and save money.

14. The Utilization Principle

Material handling equipment and operators should be used fully. Knowing what work is re-
quired, the qumber of times per day, and the time required per move will help us 1o man-
age the work load of our people and the equipment.

15. The Maintenance Principle

Material handling gquipment must be maintained. Preventive maintenance (peri-
odic, planned maintenance) is cheaper than emergency maintenance, so a preventive

CHAPTER 10
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Fmaintenance am i :

program including g

il T s schedules b Diox ,

terial llhlnd.mg cquipment, €5 must be developed for each picee of ma-
) ' ‘
allets, shop box
Ape =y b L \CH,; b s T T

=7 cause product damage n l:-l-(ll > avage acilities need repair o, Missing stats on pallets can
not want to throw them '1w:1;/ gty PR > . Wooon pullots cost about §20 each, so we do
o . . AWV ccausce one slat is broke . ’
and repair broken oullets { 1e slat is broken. Sct up a pallet repair arca to store

16. The Obsolescence Principle

As equipment wears :
dicil CC]llli)pmcnt'-_fﬂ‘ar%gu-or a better, mQ:f _(_3Eff_“l__ClCll_t_'n}E:_t-l}ggBc_comcs available, let’s replace
and improve our operation. Good mainicnance records will help us to iden-

tify wor ipme ¢ atways Tooking f !
'.) orn out cquipment, Good system planners are aiways looking for betler ways to -
prove the operations.

»

17. The Control Principle

Materials are costly and material handling systems can be a part of the inventory :ontrol
system. Conveyors can move material past a scanner to count;iidentify, and reroutesAuto-
matic identification and data capture (AIDC) systems today are a major aspect of mauicrial
handling systems. With the aid of this technology, quality inspection, inventory control. and
item tracking can be incorporated into the malerial handling systems. Bar codes can be gen-
erated that will accompany the product from supplict, throu al all stages ol production and
asscmbly, to its final destination. The bar code can contain such data as the part number,
routing, order quantity, and engincering change order, (o name a few. Incorporating this
technology into a material handling system can significantly reduce or climinate the need
to count or truck the material physically. The information can be entered only once inlo tiie
computer and is automatically updated as the material passes through the system and the
bar code is scanncd. This can climinate the old paper packing slips and the required man-
ual operations, which followed. Not only do the systems offer a tremendous savings in op-
eration time, but also the cost, the accuracy, and the reliability are significantly improved.

18. The Capacity Principle

We want to get as much out of our production cquipment and our employees as possible.
Material handling equipment can help to maximize production cquipment utilization.
A punch press can cycle every .030 minute or 33 times i minule, but onr tine st
. dard for manually loading and unloading this press is only 300 pieces per hour. Tl}is isonly _
15 percent of the machine’s capability.

60 minutes per hour

; ~ = 2,000 picces per hour potential
.030 minute per unit

300 picces per hour prescnt

. — = |5 percent
2,000 picces per hour potential”

o oyt s et e | 2395



If we pur 0 el Fand: -
purchased a coil-feeding material handling system, we would approach 100 percent

machine utilization. T

Materi ; : . , . : -
aterial handling Cquipment can assist our production equipment in achieving

its potentis i o 3 ‘ : : :
mml:hinc al. Don’t buy a new machine, just get the capacity available in our present

19. The Perfésfn;lénce.Pﬁncib.le“: o TR

Know whaty i .
. 0 2 . & % . .
d4t-your material handling costs arc and work at reducin g them. The process chart,

::‘zcgl‘i‘ii]:lll)lcl)?;tu} olll-]fothOké gi\tes us a l'or.m to culc.ulalc the unit cost of cYcl'y move. This

arement o I?oulpu( - lsb re ucuo‘n. Matcrml.-han'dlmg labor moves m':uex'ml, and a meas-

Sy t. c 1.Jounds moved. lnpm. 1s}ubor hours. Anything we can do to in-
p $ moved or to reduce labor hours will increase productivity.

Performance of material handling can also be calculated by ratios:

e material handling hours
Percent of material handling = - e o

total labor hours

Tracking this percentage can show the improvements in performance.

Pcriormancc includes a lot more than labor. Segregating materiai handiing cost from
total operation costs would result in-a better ratio. Again, improvement in the ratio would
indicate improved performance.

20. The Safety Principle

Manual handling is probably the most dangerous method of thaterial handling, and as stated -
earlier, mz;;érial handling equipment has-improvedthe; world of work more than any other
arca of industry. Material handling equipment can also be a source of safety problems, so
saf‘c.lgl'metlibds, procedures, and training must be a part of any material handling plan. Ttis
—TTTAECIent's Tesponsibility to provide a safe work environment. Tens of billions of dol-
“Tars are spent on injured workers. This human cost 15 also reflected in the cost of our prod-
uct. Safety considerations must be a major factor in selecting material handling equipment,
considering that material handling activitics are the leading cause of workers’ injuries and
compensation payments in the United States. |
According to the U.S. Census of Fatal Occupational Injuries, between 6,000 t0 6_,600
workers have been fatally injured each year since 1992. The National Safety Council es-
timates that cach fatal work injury, in monetary terms, costs .approximat&':ly '$79().000. This
figure includes lost wages, medical insurance, and administrulivc und‘ 1mhrccl_coslsdsu'ch
as production downtime. Furthermore, based on t.hc data f rom lhc. Social ic‘cu’my ﬁ Lnlllsn\
istration published for 1993, a total of $42.9 bllhon.wus paid for all wox. ers c01t pto t{m
tion claims. These costs are significant in both social terms and lost productivity

business sector.
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