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~,~FLUENCE OF IT~ C~RACT~IS~IIoS ON ~QULR~;~ITS DETE~!,~INATION 
(~DUSTR V) 

6 December 1948 

COLONEL WEAVER: "Gentlemen, this morning we are gathered together 
to discuss that very intriguing question: "The Inf!uence of Item Charac- 
terietics on Requirements Determination." I see many smiles; The lec- 
turer this morning comes from a large industrial company. Hewill dis- 

° .~ • 

cuss the problem as it has been encountered in that orsanzz~omon. 

As you recall, we have had two previous lectures on t!%is subject, 
one from Dr. Steiner~ who presented the problem from the level of the 
Nationa I ,Security Resources Board~ andth@ other from General Montgomery, 
who attacked the problem from the level of (the Depar~nent,ofthe Army~ 
General ~taff. This lecture is the third and concluding one of the 
series onthis matter. 

Our soeaker this mer~ing has had broad training and varied exper- 
ience with'many imoortant divisions Of theGeneral Electric Company since 
his graduation from the University of Kansas in 1935 as an engineer. I 
~sh to welcome to our platf0rml,~. H. Ford Dickie~ presently Production 

~ ~ ° ~n~ger of the Aeronautic and Ordnance Systems Divisions~ General Eiectrzo 
Company~ Schenectady. I~. Diclcie. 

i~. DICKIE: Thank you~ Colonel ~feaver. l couldn't hel~o smiling 
myself when I heard this subject the first time--"The Influence of Item 
Characteristics on Requirements Determination." I was stumpedj so I 
went over to s@e our exoert on methods. He read and reread the title, 
finally he looked veer profound and said--"Huh?" 

Firstj I would like to reduce the subject to its most elementary 
terms--just "Good Ordering," or, if you ~sh~ "Determination of Econom- 
mcal Oraer Quantltles." 

Though Colonel Weaver has done me.more than justice in his ~tro- 
duction, I would like to go just a little further and tell ~rou a bit 
more about ,,my career." I had a very successful start in life--selling 
newspapers. I liked selling ne~'~papersj because whenever one of those 
"crucial moments" came when you just had to have money for some real 
necessity, like buying a Valentine for your best girlj you had cash in 
your pocketj tangible liquid assets. 

Then I thought I would graduate from just sellinE newspapers. Now, 
in Kansas when I was boyj it was the fashion to raise rabbits. ~.id any 
of you fel!o~'rs ever raise rabbits, I did--lots of them. I worked •much 
harder raising rabbits than I did selling newspapers: yet when one of 
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those financial necessities arose~ I found myself without a cash surplus. 
It ~as all invested ~ rabbits~ !ettuce~ and other phases of the business. 

There had been just one oversight. I had not studied the funda- 
memta!s of inventory control. If I had gone .to the encyciopedia~ I ~ould 
have found that~ "Young rabbits breed T~hen they are about six months old 
but they do not'attain their full grov~h until they are a year old." To 
an inventory control ~m~n that means 26 weeks stock of ra~ materials and 
another 26 weeks of work in process. 

.Now~ if a boy invests ~ one ~ir of rabbits v~hen he starts high 
school~ four years later at graduation he should show ~a!ss of around 
200 full-groV~ rabbits and an inventor~ balance of 450 rabbits, ~his 
means he would have a!arge inventory of rabbits and would have cashed 
in on relatively fe~ with little profit for his living exoense~. So~ 
long" before my graduation from high school~ I suspected that ! should 
have stayed in the ne~vspaper business. 

Since no one here admitted that he ]mew anp%hing about the rabbit 
business= maybe a chart will refresh some memories--chart != page 19. 
That chart shows the rabbit busJmess as the artists at General Electric 
see 'it. No~v let us investigate this nev~spaper business. 

A nev~sboy finds he can liquidate his inventory invest,~d~nt every day 
and thereby realize 365 tu~overs a year= or 366 on leap year. ~Vith an 
investment of $4 or $5= he makes a profit of aro,,md $i a day. 

Now= in chart 2~ page 20~ ~e see the Art Department's idea of a 
successful "newsboy" and a harried popcorn "mqrchant" ~ith inventory 
trouble. 

Let us look seriously at the broad: basic principles of any busi- 
ness. First of a!lj busihesses are operated to make money, it'is not 
just dollars that count eithem~ Tt is the percent of returh on the in- 
vestment that determines success. 

Let us say that the General here in chart 2~ page 20, and I got 
together and ~e invested $1jO00 in popcorn ~ machinery~ butter, salt~ and 
boxes. Chart 3j page 2!~let us say ~e made $500 profit a year. That 
is exceptionally good because it is a 50 percen~ return on our investment 
If General Eiectricj on the other hand, made $500 profit a year, they 
would very soon go o~ of businessj becausej according to the last re- 
port I saw~ it cost $22j500 just for postage and stationery tO distribute 
the quarterly dividend. 

So the point is this: It is the returr~ on the investment tha~ 
co~ts. You have a numerator of-met profit and a denominator of total 
investment. That total investment J the denominator~ is the thing at 
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which we want to look. In a large corporation~ about 80 percent of that 
denominator may possibly be in inventory, 

"Oh," you say, "that can't be." Stop and think. Every large cor- 
poration has a treasury department which holds bonds, cash~ and liquid 
assets so the individual operating mnitTs investment is largely in build- 
ings, machinery, and inventory. The former items are subject to depre- 
ciation which may be substantial in an older corooration. So, yon find 
most of your investment in inventory. Where we operate a Navy Plant, so 
far as we are concerned, nearly !00 percent o:f that investment denomin- 
ator is in inventory. So no~ ~e see that the control of inventory is 
all important as a basic fundamental in the operation" of any business. 

EFFECTS OF TOO HIGH AN i~@V~$TORY 

Let us assume that we go along ~;with the General selling ooocorn 
and forget about inventory control. He seems to have too much iaventoz~j. 
What happens when he has too muc h inventony? First of all:, he loses a 
oercentage of return on his Inven~ ry. He~e we see the poocorn business 
with sales of $1,100 a year~ ~e see that the cost of sales is $1,000~ 
so the profit ~s $].00. If there ~s ~l, OOD worth of ~nventory, there is 
a l0 percent return on the inventory investment. If we can reduce that 
inventory to $100, we would have anice 100 percent return.. So if the 
inventory is too high, the percentage Of return on our investment is 
going to be too low. 

Next, if the General has been operating vzith a $100 inventory and 
then decides to build it up to $1,O00--then he has the oroblem of ac- 
quiring funds. He can dravr it out of the bank, vrhere he is getting 
interest on it, or borrow it and pay interest. Added capital has to be 
obtained~ which is an expensive process plus either the loss of interest 
or the cost of paying interest. 

. , . . . .  d ].ike to have $I,000 Now, if the General had decided that he wm~n 
worth of popcorn as his inventor,s, he has more potential deterioration 
to r~-orry about. I understand that vreevils, mice, and mold all attack 
OOOCOrn. 

Engineering advances can seriously effect his popcorn business. 
Let us assume that hehas $1,000 worth of "Iowa Standard" popcorn. 
~hat happens ~here there is introduced a ne~ "Super-Colossal" popcorn? 
~llj you can't sell Standard popcorn when there is ,"Suoer-Colossal" 
on the market. Of course, you can sell some of it, but'as you try to 
sell ityour sales will fall off and your profits become less. 

You can try dumping the "lov~a Standard" on the eden market. Let 
us assume that we do, and sell it for $500, a loss of-$500. We ha~e 
lost five years ~ profits by this one error in inventory management. 
That might be more temhnically called an obsolescence loss. 
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Now, more space is required for a l~rger inventory. The General 
has had to rent a whole barn in v~-hich ~o store his extra popcorn. There 
~ou!d be increased insurance on that added investment... He has extra 
physical handling expense~ he vril2 have to .turn the popcorn over to keep 
it from getting musty. Thong. of course~ t.here is thepossibility of a 
loss ~n a declining marl{et~ also additional taxes~ so we do indeed have 
all sorts of inventory trouble, 

EFFECTS OF TOO LITTLE I}I~TORY 

The .foregoing problems are all premised on the fact that the inven- 
tory ~vas too large. Let us a~sume that the General appreciates that 
~I~000 }7orth of inventory is too much and so he reverses his po].icy and 
carries only ten cents' worth of inventory. ~hat happens then? Ten 
cents worth is -~That you ~et in one of those small boxes in the corner 

-Store. There is a great deal of time spent by the General just running 
to the grocery store to buy another ten cent box of popcorn. To b~ 
more technical~ you have a high o~dering expense. 

YOU have a low machine output becaus~ every time you must w a r m  UD 
the corn popper, and you ~ill probably have to t'hro~,v a~J~ay the ...first 
batch which usually gets burned. Then just aS you set up~ }~U run out 
bf popcorn and have to go back and ~urchase more. You have high spoil- 
age because of short r~ns. You have high cost of. material due to in- 
adequate order quantities. 

There is another very important point. You may have ~higher than 
anticipated inventory because of io~~ ~ shioments due to stock depletion. 
Your inventory goes up because Xou reduced it too far. 

The above principle was forcibly brought to my attention ~hile 
ordering transformer materials. I coflsidered myself Lnfallible when 
I first got out of college and ~,~ith my 20-inch slide rule and a complete 
set of bo'oks on various materials, I started order.~g transformers with 
a false confidence. 

The Production Division was operating with about a two-month supply 
• of porcelains on hand, They took up a lot of space that ~~e needed for 
ether things. So I decided I would fix that in short order. I started 
reducing and trimming do~.m~ and pretty soon porcelains were comin~ in 
just the day before ~e needed them. I was very proud of my first suc- 
cess in reducing inventory. 

I<v overconfidence was short-lived because very shortly the kiln in 
the Porcelain Plant broke d.o~aa--one of theso tur~nel kilns about 500 feet 
long--and so no porcelains came out. I had reduced the inventqry of 
inexpensive pieces, but in the meantime we were getting in all that 
copper that goes into transformers and getting in silicon stee!j tens 
of it a dayj ~-~ith nothing being shipped, l~e ,v~ere getting steel sheet, 
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expensive insulating oil, ~.~itches= an d connectors. We were getting 
in everything except those relativel~ ine~qpensive insulators. 

So ~ou can reduce Lnvento~ so far that you are running your in- 
ventory upby reducing~jour shipments. Never forget that~ the best 
way to reduce inventory is to ship it out the back door. We will em- 
Ohasize that againl~ter. 

No~ we see that we omn~t have too much inventory or we are in the 
same trouble as the General is in. ~ can't have too little inventory 
or ~ are in worse trouble~ ~e are missing out on our shipments. So ~e 
have to control inventori{. Ho~ are ~e go: ~- • n~ to do that? 

First= ~ve have to set up a measure of ~ventory. A meas~me of in- 
yen tory is based upon the definition that: 

TURNOVER= Output~(~ ual Rate) 
iverage Inventory ' 

I think this chart shows il page 22!. Assume we 
are going to buy and use != course of the year. " 
Say of the year. At 
the r. News the average 
inventory during the year isSO0 pieces. The total output is l=OOO and 
:your turnover is two. 

Na~e a better way of doing it is to order 250 pieces at a time 
and order four times a year. You then have an average ~uventor~y of 
125 pieces= while still getting 1,OO0 out the back door. Youhave a 
turnover o~ eight. So first of alls we have to be able to measure the 
problem with v,~hich we are working. 

The n@xt point may well be emphasized becau&e it offers as great 
a field for~the Armed Forces as for indust~;. ?~e should tr~ . to simplify 
the inventory problems sim~plify it by standardization. Let us look at 
what one progressive company is doingtoday. 

l~re we see a standardization picture---chart 5, page 23. This is 
not a General Electric experience but to make it more effective l ~i!l 
tell ~rou that it is a real example of a good. long-ooeratin~, efficient 
Organization. You wonder ho~ they could be efficient ~en they Can do 
this sort of thing. It is my conviction that the same enthusiastic and 
Lntelligent approach will oroduce comparable results On the majority of 
manufactured products. 

You see here in this Chart a comoarison of the old and news the 
old setup had 15 cathlogue n~nber~ t0"cover a given rhng e Of applica- 
tions~ the new setup has only 6 catalozuenumbers to cover ghis same 
range. Before simplification= it t00k 952 parts to make this one switch; 
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no~v it takes only 244 parts. There were 51 percent conmon parts 
before] now there are 94 percent conmon parts, Here is the payoff: 
They used to get out 550 s~tches per man per week. No~s they ~et 
out i~350 per man oer week. 

Next~ I. say that you have to analyze the problem. If your vrife ~s 
budget is out of hand~ you don;t start bv~ saying: "~,{v~ ~ dear~ let me see 
What you are spending for salt, pepper~ vmnegar~ tooth picks." No. 
You look into the meat bill. It is the same thing in industry~ though 
less obvious. Too often we find ne orders being audited because there 
are too many to start on or they are spending a large amount of time 
checking all the orders--ch@rt 6, ~'^. ~,' • - , zJ~,.,~ "-~.. if they make a good study~ 
the]/ will find that by lookLng at 30 per.cent of the orders that ~yeht 
ou$~ they could control 95 percent of the value of their m~rchases. 
Or if you need less control~ yo~ can_ audit only i0 percent of yo~r 
orders and be controlling very c!oss to SO percent of the value of 
incoming materials. Sb for to control inventory: (i) ~!easure inven- 
tory~ (2) standardize: and (3) analyze. 

Then there is one other fallacy l would like to discuss (illus- 
trated by chart 7j page 25). Let us assume that c raw casting is the 
first item of material to come in as illustrated by the start of the 
manufacturing cycle on the !o~ver left~ 0n this longest oyc!e item~ 
'the ordinate ~ill represent time] the abscissa illustrates build-up 
of materialj !abet: and overhead dollars until you have the total 
value of the product. Let us say that the rime'across the horizontal 
is i0 weeks. The final column on the right is the total manufacturing 
cost of the product. No profits or con~ercia! expenses have been 
added. 

No~ the raw materials'requiring the longest manufacturing cycle 
arrive first~ Possibly the last item to arrive might be a name-plate 
screw ~vhich would be added just be£ore shipment. 

The usual approach to reducing inventory is to schedule incoming 
materials later~ cutting dovm the protgctive stock. On chart 7~ p~ge 
25~ assume the time on the abscissa is i0 weeks. Obvio1~sly if !O per- 
cent or one week is cut £rom the start of the cyc!e a very small area 
is saved. However, if one ~',.~ee$~ is gained in the final testj ship[)ing 
or final assemb!y~ a real inventory saving is accomplished because 
one-tenth of th& horizontal coml~onent is taken off the right-hand side 
of the triangle. 

Don't gamble on receivinz incoming mnteriais At the very last 
second, Study the rm~nufacturin~ cycle. If you can reduce a cortion 
of the time cycle chart ~ere the value is high; you can move'the 
vrhole cycle to the left and make a very substantial gain. It is still 
shipping out the back door quicker that pays the big dividends. Prior 
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to stud)~in~ the all important oree zng theory, remember: (I) ~leasure 
• inventory, (2).standardize, (3) analyze, and (~) reduce manufacturing 

cycle. 

P~OP~ ORDF~ING.. 

, Now, we come to" the specia.l problem, proper ordering.. This subject 
.is badly underestimated by some and overcomp!icate d by others, it is 
handled in too many cases by relatively ne~:; employees. Too ~an~r organ- 
izati~ns start their people out by having them do "just ordering." 

First of all, to order properly you have %o ~mow ~>;hat ~ou need. 
You have to have a determination of r4quirements. And tha%~ of course, 
is a long and complete study in itself. You can go to a punched card 
mechanical method of determining your needs. In morespecialized or 
smaller businesses, you can use manual determination. Obviously to do 
proper ordering~ you have to .l.m~'¢.what you need. 

Next, you. have to ~mow wha-t th~ pr0curemcnt time is---chart 8~ page 
26 The~e fe~.r items are abstractK$d f~om about' !0 DaSes of the ~rocure- 
men~. ~zme'~ sneets~ issued b i ~ ,  ~ ~ ~ssume :,for a moment that, we 

sometn!ng. ~or.~-,t~.. ~hi~..~ room. If we.need some cot- are-going to buy ' " ' "' " 
rugated paper, we have .to. al low a cou~!e ef months to get i t .  If we 
also need some gummed paper to ~o along ~¢ith it and if .v;e ordered them 
at the same time, what ~¢ould happen? %"fe would get the corrugated paper 
but the gummed paper would not be there for another month. 

You say~ "That is easy. Order them all six months ahead o£ time 
and you will be safe." First, there are r, nny products you cannot 
obtain in sio[ months so ~;ou can't use such a simple ru!~e because it 
isn't workable. You have to !mo~;; how 10ng it takes for procurement 
by individual items. . 

Secondj if you try to estimate ~hat you are goin,,j, to need any 
further ahead than you have to, you ~II very grievously aggravate 
the possible errors. If the transformer busfness ~Tere to estimate 
~'~hst they needed six months from now, they wouldn't have] enouEh orders 
on hand to guide them~ so they would be guess'ing what the,~ needed~ and 
they would be o.rdering the v,,Tong quantities of many items and in some 
cases actually ordering the v~ong things. 

So it is not desirable to order too m~ar s.head~ because your esti- 
mates of requirements aren't so good v, tnen you order ahead as they could 
be if you waited as long as possible.• On the other hand) if ~;ou Order 
things roe late, then .7ou are certainly in trouble because ~rou run out 
of stock and then no shipments. 

In practice on these procurement time sheets you norn~-~!ly have 
another column v~rhich I hesmt~,~ed to have put do~,a~ because it might be 
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misleading. But at the same time that you supply the procurement time, 
you normally furnish protective stockdata, usually expressed in weeks 

V~at is meant by "protective stock?" I mean what the textbooks 
usually a~!l the "pillow." It is the amount that you have in the Stock- 
room which theoretically you never have to touch. Justwhen you go to 
use some of the protective stock theoretically a ne}7 shiomGn% comes in 
the door. It should arrive so you always have this protective stock% 

Have you ever noticed any publicutility companies that 
receive their coal a day or so before they need it? Indeed ~ you haven It. 
They all have large coal ~rds. Their protective stock is high because 
of the unreliability of coal miners~ at least annual strikes are a 
matter of record. 

Of course, I don'tneed to tell you anything about pmotective 
stock, because last night's ne}vspaper told me that the Government is 
contemplating putting something around from three to five billion dol- 
lars into stockpiling. That is nothing more than protective stock. 

Lastly~ we must know ~at ~'~e have on hand and on open order. To. 
summarize: for good ordering you require: (i) Determination of require- 
mentsj (2) procurement time~ (3) protective stock, and (4) amounts on 
hand and on open order. 

ECONOZICAL ORDER QUA~TITY DET~ <~JATION 

N~ we come do~m to the actual determination of 'the economfca! 
order quantity which is sho~'m in theory by chart 9j page 27. As you 
buy!arger quantities you generally obtain a better price per piece 
through the reduction of setup costs, etc. Conversely ~'~ith the larger 
orders you have increases in instu'ance~ rent, taxes, heat, light, 
stockkeeping expense, and depreciation. All those items build up as 
you buy more and more. The summation of these opposing factors results 
in the "best buy" line. You should seek not just the lovr point but 
generally the smallest purchase possible and remain in the I~;~ portion 
of the resultant curve. 

Nov{ that vre have seen the graphic theory of economical quantity 
determination~ !otis examine the actual calcu!ation of such a quantity, 
One large university ~ advocates a very long and comolex formula ~vhich 
seemed unvrleldy so we selected a very simple formula involving the 
major principles. 

(Chart I0, page 28). 

Q~ 2 GS. 
CI ~ 2  BE 
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In this formula Q equals the economical quantity~. G the cost of each 
jorder; and S $he 'annual consumption. Cis the unit pric~e~ ,I .the interest 
rate on money S B the ~nit storage space9: and E the annual St0rago chm.,rge 
in dollars: per square foot. So you see, it-Can b.e reduced to a very 
simple formula. . . " " 

• Now~ the profound orofessors suggested .$n their article that the 
cost ofeach order should be between s iz~ty-and eighty centS:. " _t~e~y~u 
ever estimated the cost of placing a big steel'order' When..the.~rice pres- 
ident andhis staff fly to several steel mills? It is a long ~.my from 
costing. Sixty cents oor order, i I don rt ~o~ ~hat iit costs~ your govern- 
m6nt ag6nbie~ toplace an order, but.ifis ~tmqu~s~i~nabl.y~mor~ ~ th~:n sixty 

...... o f  e a c h  o r d e r  h a s  t o . . b e  ~ v e r y . . e a r . e f -  . ~ . . ~ y ;  d ~ , t o r -  

• " ~ed. Th~n:~yo:u have ~:tO consider the in%erest ~rate on ~%he,m0ney. • : If 
you put more money in~ you have to figure the int@reSt :%hifi. you would 
be:l.os~. Then thlre are oarr~_ng charges that w e  just mentioned. If 
.we require more '[¢arehouse space~ that m~ans more rent and more .insurance. 
There is $1so.obsolescence tobe considered. Then there is. depreciation~ 
orwe can term' it obsolescence. Then the-re is rent~ heatj light, taxes, 

• wages of stockkOepcrs, and similar ~XD~ses v~ch must all be taken into 
.account. 

- INTerNAL ORDE~.IN.G " ~ . . . .  : 

No~-~ you may say~ "You have ned.r, girl~ ordering these met'oriels, 
Can they carry out the calculation of all these elements?" The theorists-- 
and I.emphasize "t~eorists"--~have vrorksd, out a way for them to do it. 
Chart ll, page 29~ shows the alignment Chart .oortion of ~ an "o~der card 
..which makes ecohomical order determination seem easy.. 

'~". . . First~. youde~er~nine the setu.o, labor~ then tlie dir'eCt material-and 
labor •,per lOO pieces. These factors determine a .constant , then Zrou 

' eatab!isk theweekly usage. ~ith the factor relatihg~se~up and piece 
price~and the estimated weekly usage, you can d~stermine the ~heoretical 
economidal order quantity. "":: 

..... . T~ere are other mechanical aids• for ~aking this calCUlation. Chart 
12~ oa.~e 30~ shorts the .c~rcular slide rule originated in :our:West Lynn 
Plant, .... The"circular .slide rule performs exactly the same function as the 

.alignment ch~rt only it is based on a diff-srent formula.: 

• incidentali$rj ~ those mechanical calculators are .ndt new in actual 
~se in Gen~ral"EIectric. The.theory is al I risht ;but ~the,~.!?r~ctice is 

• , , g ~ n d r ~ k l y u n s a t i s f a c t O r y .  ~ • 
. ,  . : . . "  ,, . . . . . .  . . /  . :  • • [. ; 

The above formulae are derived ~or internal ordering.:'That is for 
ordering from one's m.aq division like a punch press or a screw machine 
section. 
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OUTSIDE ORDER QUANTITY DETERMINATION 

l~2qat about outside ordering? Ch~rt 13, page 31, gives us a basis 
for examining outside orderingtheory. LSt!s examine the i6em of copper 
bus bars shown. If you want to bu? up to 500 pounds of copper bus bars, 
you would pay forty-seven and two-tenths cents per pound for a good grade. 
But if you get around a ton ~ you wouldpay only thirty-four cents. It is 
the same with hot rolled steel. You pay approximately four and eright - 
tenths cents £or 500 pounds and it goes do~nq to three and seven-tenths 
cents for 2~000 pounds. 

You may ask "V~at is the problem?" Bus. bar copper is good standard 
material, it deteriorates little, its potential obsolescence islow. The 
problem is how much is it economical to buy. Assume that you wishe@ to 
buy two tons, about 4,000 poundsj of copper. If the copper was purchased 
in a quantity Of over 55000 pounds, it could be Obtained at a more favor- 
able price. How far should you go in seeking better prices? ObviouSly, 
you must obtain a satisfactory return on the extra investment. -. 

On chart 13 we have tried to indicate a guide for such determinations 
If you ~ncrease the copper order from 4,000 pounds to 5~OO0 pounds, you 
have added so many weeks or months of additional stock. Since copper is 
a sood basic raw material, the return on the extra investment doesn,t 
have to be so high as if you were buying some finished part which ~ight 
easily become obsolete or deteriorate. This chart is for one individual 
line of manufacture within General Electric. It does not apply to all of 
General Electric~s products. It does not apply to more than the one line 
for which it was calculated. 

You will observe on chart 14, page 32j that for basic raw material, 
you should obtain a two or three percent return on e~ch additional month'~ 
investment when purchasing less stable finished parts. ~th price extra 
data you can calculate the amount you can save ~r increasin~ your order 
to take advantage of the next price decrease step. Divide the dollars 
you save by the extra dollars you invest and the answer is the percent 
return on your extra investment. If the return-is adequate, equalto, 
or in excess of the required return charted on chart 14~ page 32, then 
the larger purchase is certainly worth serious consideration. 

Now~ there is one more thing that must be evaluated, price extra. 
On chart 15j page 33, you see a steel plate 2½ inches by 130 inches by 
156 inches, silicon killed firebox quality. If you simply multiplzr the 
weight of steel by.the unit price, you get a price of $506.25. However, 
you may be badly misguided because the unusual width v~ll cost you $94.50 
additional. This gauge will cost $6.75. T h:e controlled phosphorus , 
sulphur, manganese~ and Silicon content adds anoth@r $I00. The flame 
cutting to size v~ll add $23. You still have to pay $56 for your freight 
So~ it v~li cost nearly $800 for that plate instead of the first assump- 
tion of $506. So, the price extras cannot be neglected~hen you are 
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ordering and figuring the percent return on investment. The investment 
is often much larger than ~ preliminary~opinion would indicate. 

• . .  ~ . . . DEBTFNK!NG ~KEC,H~!CAL 0RDF~R DETER~INATION 

So, ~~e have seen mechanical calculators, but declared them as pri-- 
maril~i theo:retical. V{ny? Because no mechanical slide rule, no alignment 
c~art, can take into accountdesign status. You must talk to the engi- 
neers and draftsmen and laqow their plans, ~naow the timing of potential 

changes. 

Then there is the maximum ,order quantity. Assume ~'¢~ depend on slide 
rule and calculate an o'rder ~of one million stamRings. ~'~hat the slide 
rule forgot to do was to call up this tool crib operator and say: "I~vg 
2435793--where does that stand?" The crib operator checks the record 
and says: "We have 900-,000 p~unchings ].e~t on that die." That means 
that the die vrlll have to be replaced after 900,000 more stampimzs. You 
can Visualize the seri6usness of [zour error if you had ordered a million 
pieces. They ~'~ould have r.u~ 900,000 and then rep].aced that die, indeed 

an uneconomical order. 

L'et us come back to an ~ven mor~ ~ve~r case. You might employ 
the slide rule and order 20,O00 of another p~uching, if yoL! dJ.dnlt stop 
to check the time between die grindings. : M a 3 ; , ' b ~  they grind this die every 
i9j000 ounchings. Don't you think you would save the cost of one setup 
by makTing 19,000 "your order ~uantity? Actually they are going to punch 
19,000 pieces, grind tho die, and put it back in the oress. You have an 
extra setup which the slide r~lle didn't know about aug couldn't I~o-," 
about~ but the good order clerk will save the extra setup expense. 

~ another experience. It was a simole problem .of Let ~e tel± you .. 
ordering cork gaskets. We needed only t~;-o, so I added. 50 percent extra 
for safety and ordered three gaskets. ! was considerably rebuffed when 
the "long service" purchasing agent drew a big black pencil through-the 
"3" and changed it to "12." I .thought to myself: ,~v~en they finally 
throw a~',zay 9 out of those.12, I am going to call for an acco~tingo" So 
I ~checked the invoice when it came in, to see how much~more it cost, and 
there I read in rather small, t~e across the bottom: "~Y~nimt~u order 
quantity, one dozen." I followed that job through° Believe it or not, 
they. required four gaskets on that job. i thought I had a 50 percent 
safety factor ~;~?den they needed t~¢o andl ordered tbmee. Actually they 
~ut the two on all right. Then the muir failed in test. They pulled 
the: bushings and ruined the two ~aske~ts. I f  l had had my way, the order 
~:~euld have gone out for three, We ~ould have paid for a dozen and gotten 
three~ then we vrou~d have had to reorder and ~av~ .['or another dozen though 
wel actually ~sed only four. The order man must: know the minimum order 

quantities. • - 

Then there is the deterioration problem, I will tell you another 
story on myself. I was ordering steel tubes which are used on transformer 
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rad.iators. ~y calculations ~.,rere profound and thorough as ~.~e ordered 
tubes right to the.car!oad°~ This ~vas in 1937 when the plant was very, 
very busy ~nd there was little space for stogage. ~'Ve had room for only 
one carload inside so the second carload went outside. 

/ 

About two-thirds of $He second ca:rload was eventually scrapped. "~Ve 
~put a taroaulin over the top and ends~ we even built a temporary roof, 
but these expedients didnlt keep condensation from collecting inside the 
tubes, Next, ~e had the caroen:ter s%iop make ~,~ooden ~olugs "~vhic'h ~Te drove 
in the ends of the tubes. First= we put green wood plugs in, they dried 
out and fell out. Then ~e got some d~¢ wood and made plugs{ but they got 
wet and swelled up so we had considerable trouble getting them out° The 
sim21e solution ~,~as to buy just one carload of tubes ~~hich could be store 
inside, but the slido rule didn't know about that. 

k 

Then you have to consider t~mnover. If the General had a $I00 cash 
inventory and then decided it would be better to have ~i,000 worth of 
popcorn, he ~-ou!d have to arrange for the additional $900. Sometimes 
that is quite an expense if not an impossibilit[ T. The expense ~of getting 
that e~tra money and the interest that he ~¢ould pay on i't would more tha~ 
counterbalance the gain in purchasing. ' ' " 

Of course, we .don't generally consider availability of cash in a 
small part of a big business. Normally, there is an established turnove~ 
rate which is the guide for operations, and nonconformance is carefully 
watched by top management bec~duse collective overspending might seriouslz 
affect cash requirements for the company. 

There is the possibility ~f a new ~,~nufact~ing pro~ess affecting 
ordering. Let us assume that we make .a slide' rule calcuiation and deter- 
mine and order quantity to be obtained from our o~ screw ,machine section" 
but ~e are figuring them on the hand machine basis. ~Ye use hand machine 
prices on the slide rule and'vre come up ~'~ith one quantity. But possibly 
the usage has increased tb the point ",,~here ~,;¢e should be ordering for an 
automatic screw madhine= ~o tha't your calculations are on the wrong basi 
entirely. You are:feeding the v~ong data into the slide r~Lle. 

There is the second operation, machine loading. Assume. you~ordered 
so many pieces from a hand screw ~machine and neglected the second opera- 
tion. Then ~ for that second operati.6n= they ~'rent to the headers. The 
orde~ ~ quantity figure based on just the first operation vras 50 oieces. 
The fact neg!ected ~'~s the ~eader o6erator's requirement of i00 pieces 
just to get his ~chine set up. So you must not only look at the first 
operlation: but the second operation as we.ll. 

Then there is the service requirement. /£e might calculate that ~;~e 
needed 25 large steel plates. ~'~ent]~ five was the slide rul@ ans~;~er: 
but -.:re needed them next !.,Ionday. You don't g,¢t 2¼-inch steel o_Lates nexl 
i,~onday out of the mill, Obviously~ you have to go to a ~,~rehouse= pay 
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premium pric~ and so you buyjust~enough to last you t~hrough the procure- 
ment time plus a minimum protective stock period or until you can safely 
be assured of obtaining steel plates from,a mill. The slide rule doesn't 
know about warehouses° So the amount of time it would take to get the 
desired raaterial was the primary factor in order determination quantity, 
There arenear!y always additional factors over and above the ones that 
you normally use in a slide rule calculation. 

We had another probiem which invo!ved-materi~! forsome Nawj gears, 
The gears for.the ~vy required,stock about 6 inches in diameter, ~e 
figured it all up on the slide rule and came out ~th a need for 4 feet. 
So we were inclined to order,jUst the 4 feet, But'investigation showed 

• , therav~s required a completechemical analys~s costing about @2~. ~en 
the laboratory analysis expense was included in the calculations~ the 
order quantity ~s raised to cover a fulllength bar. ~,Yhat do yoh do 
~th~rhat is left over? ~Tell~ the slide rule doesn't consider the sub~ 
stitution o£ other parts. Assume that this is 6-inch stock for gear 
blanks. Pretty seon the ne~t order~,c.omes~in and it calls for 5 3/~-inch 
stock. You have the chemical, analysis andeverything approved~ so you 
are all set to go. YoU can veryeconomically substitute the 6-inch stock 
that you have. 

t 

Another thing the slide rule doesn't know is the business cyc!e. 
~ery fe~ of us can interpret the business '$ycle. A lot of us t~ t~ but 
certainly it is a recognized error of potential ban!~uptcy tohave an 
excessively high inventorywhen prices crash. 

Another odd example shows the requirement of exoerience to order 
properly, One type of control panel still requires slate which vre obtain 
from ~,~ine. ~Ve had the quarry deliveries scheduled by weeksj but ~hen 
t,he order went to purchasing that same old buyer ran a black pencil 
throuzh-one,of my weekly quantities j put it back in another ~;~eekj doubling 
the prior ~~eek's schedule, I had the companyTs vacation schedt~e before 
me vrhich showed a summer shutdovm, but he scratched-~off a week later in 
the year, ~at i didn'~ know was that when it is ,"b'ar" season in Maine 
"they ~.on t sh~p nauthmn that wee!::." 

So my point is that there are many elements to be considered which. 
you can't out on the slide rule. You can't ,~ut them on the alignment 
chart,. You cantt set them up in a group of charts. ~here is seldom a 
mechanical solution~ experience~ l,mo~:ledge~ and careful analysis must 
be continually exercised in good ordering, fforst of all people are 
mentally lazy and when youhand them a mental crutch they lean too hea~ly 
on it generally. 

To summarizej let us bring this subject "hom~" by comparing inventory 
control and the economics of family management. N9w J my point is this: 
in inventory controlj it i$ the turnover that counts. In a home it is 
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turnover in the family that really counts, financially. It is, not simply 
the number of children you think you can accommodate "in your homo; it is 
the turnover of those children. 

If you can get your boy to go out into the world when he is 12 years 
old selling those ver~$ profitable newspapers~ you will have to agree you 
ate, more .than t~<ice as well off ..financia!!-y as the father who ~uts his 
bov throush the university to set his Ph.D. or M.D. degree and" so has to 
support him ~util he is 24 years old. Just remember that equilateral 
triangle (chart 7~ pa~e 25)s the hi~Lh investment occurs with the nearly 
finished product. The longer you keep them around~ the more it .is going 
to cost you. You don't rmake your saving by-adopting a boy when he is 
,two years old .because you on!x sav~ t~:~o inexpensive .years' main'tenance. 
You are a lot better off if your boy flunks out . of the .university at the 
end of his so,2homore year~ 

Now we have mentioned potential obsolescence. We have taiked about 
turnover Of children at 12 versus 24, The ~hole .point is to get turnover. 
If you have an old model s a superseded design ~ then you have an old maid 
on your hands~ and an o'Id maid develops no t~nover whatsoever. You a~re~ 
indeed~ mn a most ex~ensive ~redicament. 

So I would conclude, not by warning 7ou Navy men against old maids, 
but ve~ seriousl~? make a sug~.estion which ap.2!ies to any of us working 
in a large organization. When we have decisions be mak.~ ~,~e should gen- 
erall~ s "iv~ake those decisions exactly as if the business were our o~ma." 

QUESTION: I have a question on this die problem~ on the regri~ding. 
of dies. DonWt ,you have ~ shoo e~q~,ense set up t o  s~e~d_ ... th,~. over a 
number Of orders? In other words~ if you cut your punchin 5 ooeration to 
9~.000 s and at that point the ounch needs regri,uding~ than wouldn't your 
next order, even though it is only one-tenth as big~ 'nave to stand~.its 
share of that grindin~ expense? , 

~. DICKiE: If you had an order for i0~000 of the~e water bert!as 
here and the customer wants that exact quantity~ you h~ve no cho.ice~but 
to o~nch out i0~000 sets of parts. But s if you are producinz for stock, 
manufacturing for anticinated ordersj then it is more economical to run 
the die only up to the noint where "it needs regrinding. Ifyou go beyond 
that point~ you are spending, mone3 ~ for an unnecessary setup as we!l as 
reducin2 the output of a ~mch press. 

Lf you are building some special v~ter snouts for a company that 
orders gold ones s you have ,to set up to run the exact number ordered and 
your actual ~.xpense would b.@.-ch~r~ed directly to the order. But~ you 
can save money when you are or'deringforstock~ that is an advantage .of 
standardization. In ordering for stock s you ,can order a quantit3~that 
conforms ~~ith the most .economical setup. If you tear that die do~'m and 
regrind it and set it back up, it costs an exzra Setun. ~q%en 3.[ou set upj 
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C~ 4- you should be able to run through ~o the next die grinding and it is 
most ~meconomfca! to set no, again, for just a sho:rt run. The ooint is 
this: If you are in a highly compatitiv~a market of Standard devices~ 
you have to ~'{atch the costs very closely. Ho}~{ever~ on. the order for 
gold ones~ if the customer wants lO~O00 of them and you have to grind 
the die after9~O00 and set it up agaJm~ the -extra setup will likely 
be charged largely to the special order. 

,QUESTION: I would liketo ask.how you keep the order' clerk in- 
formed of design obsolescence and design, chan{es that come ~bout. In 
other words~ is there any established organization oractice? How does 
She order clerk~ the girl or whoever it is~ keep informed on these other 
things that must be taken into consideration? 

}~. D!CKIE: }.{ay i relate General Electric~s practice? ~ We have a: 
standard AN; which mean "Alteration Notice." An advance type of AN is 
sent um {o the interested production sec~ibns~at the time that the engi- 
neer first contemplates a change in design. A% that time he might say: 
"Snout on water bottle drav{ing so-and-se contemplated to be changed from 
.090 to ,060-inch brass." This alteration notice immediately comes in 
to the inventory.control-groU~ w~ich no%~]~ ,on its .090 brass Order card 
the pgss&bi!ityof change, 

The advance alteration no.tice~{ill state there.on the stDck order 
card: "Any future orders for..090-inch brass for water snouts must be 
approved by undersigned engineer." . . 

Q~ESTION: Holy many items is .one order Clerk exmected to handle 
e~onomically ~ 

~ DICKIE: That varies widely. In one division~ ~e had around 
8~000 s~ock items..As I recallwe had six ledger clerks. Various types 
of businesses have widely different problems in handling stock records. 

If you have very active items v~rsus inactive items~ the man hours 
~ill vary substantially. • The point is this: If you are making pov~er 
t'ransformers~ you have no mass production. ........... twoj or three 
similar units at the most .at one time, Sothe assignments and with- 
drawal entries Will be for relatively few pieces at a time. It takes a 
lot of entries to check out !~000 pieces. 

But n~v assume you are making distribution transformersj like those 
you have hanging on the electric pole in your back yard. They m.anufac-. 
ture them on a conveyor line and make thousands each v~eek,, 7,~men you 
drav{~ out parts for thosej you take out a ~{hole load and set them beside 
the conveyor line, The Isd~er withdr~wal there might ~÷ell be I]000 at 
a time. In the power transzormer business the withdrawals are only t~;~o 
or three at a time, 
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"Also when }rou assign or premortgageparts for these stan:dard dis- 
tribution transformers~ the scheduler will advise you, "We *~ill require 
these at the rate of 1,OOO a,week for the next 15 ~eeks." So the entry 
is one figure, 15,000 pieceS. On the power transformers, where ti%ere are 
only one or two parts prescheduled at a time, we have to v~ite do~m the 
assignments a few parts at a time. 

So the problem is a widely varying one. The number of items handled 
per record clerk when making special fire-control systems for ]~ou gentle- 
men is obviously much lower than the number handled by clerks in a divi- 
sion making automatic toasters. 

QUESTION: Have yo n taken item ~hara~t~ristics into account in 
enabling 77ou as a production ma~ to meet the schedule and produce the 
products? I wonder if you would ~ommen$ on the tho~jhts going on in the 
minds of the sales department, or w~v~r department it is- that is ~ im- 
posing requirements for finished products, ae to h~v their thoughts may 
be influenced by item characteristics. 

~R. DICKIE: General Electric has a very capable g'rouo of salesmen 
Because most of our apparatus products are compligatsd. The iarge major- 
ity of our salesmen are engineering graduates well acquainted ~J~ith our 
facto~T setup. They are not inherently interested in item character- 
istics. Ho-vvever, they are made very consc.ious of the problems occasioned 
by calling for very special parts or materials because the delivery pro- 
mise "~e give them is generally quite long~ reflecting the extra procure- 
ment time required for purchasing the special materials~ 

Many of the "special" products' sold are basicallF standard but v~ith 
speoial features added. There is still much to be gained in this field 
which you point out. 0ur favorite example is this: Assume $~ou want a 
ne~¢ Ford ~ith staiEless steel fenders on it. Do you think you go dovm 
and order one? Possibly,~but: the price~ delivery, and special effort 
would probably discourage you. "vYe have much to learn from the auto- 
motive industry. 

At the present stage of standardization in the electrical industry, 
General Electri~c has preferred te be accommodating. We promise special 
apparatus nearly as quickly as standard items. : : 

But ~re are coming to standardization~ encouraging it b~r giving much 
better prices and deliveries on standard apparatus then specials. We are 
working tovmrd standard components which can be variously assembled to 
give a wide variety of finished products. 

QUESTION: If I understood you correctly~ you said the salespeople 
are not concerned about item characteristics. Ho~ ~ many toasters do you 
think they would sell if they required 220 volts? That is one item. 
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To go back to the General afld his oo~corn~ vrhy did he have so much 
popoorn? My contention is~ simply because he did not consider the item 
characteristics of the product with vehich'ho was dealing." " ~ Perhaps his 
butter v~as rancid and ooople wouldn't buy the popcorn. Perhaos he used 
itoo much ~salt. The poin~ :i am ~rying to,~ke is that it seems to me each 
manufacturer m~st consider item characteristics as they relate to his 
cons~:~ers before he ~ can succesSfuliy manufactur~ and sell that item. 
~¥ould yon 'care'to co~ent on that? 

~'~. DICKIE: First of all~ the narro~ess Of r~LV experience makes me 
fool that in your first statement ~ou ar~ correct and I incorrect, i am 
in the Apparatus Department at General Electric and the toaster and appli- 
ance business examolcs arc not part of my everyday c .... ~ -" 

!~ the Apoaratus Dccartmcn-~ v~e don't make much of an2thing that you 
buy at the corner store." Our app,oratus runs from large t~bines to fire- 
control systems. It is true that v~here you sell your things through the 
appliance store~ there certainl~r has been a lot of standardization. ~'(e 
are trying very hard to bring about more standardization in our o~:~q more 
compiicat~d and more specialized apparatus business. 

Nowj it is ~ru~3 that the salesman has to recognize wha~ he is soiling. 
I am probably prejudiced ~,zhen I say that they don tt do that as much as 
they could. I think there is al~vavs the possibility of better cooperation. 
I don,~ think our salesmen are ignorant of our requirements, but I think 
that there is still considerable p~ogress that can be made. 

QUESTION: I rrou!d like to " ~- "~ inocroect the item of producibility as 
considered by the salesmen there in reference to these articles that you 
make. VIouldn't the producibility of an item be something the salesman 
v~ould consider? Or is tha~ entirely in the production field? 

I~. DICKiE: ~gellj we ~vi!! assume for the moment that he did not 
consider the possibility of manufacturinfl the item. He very quickly 
would have that brought to mind, because an order for most of the big 
apparatus doesn't come in originally as a sales order but rather as a 
proposition. If the salesman sends in a proposition vrhich is unreason- 
able the quotation vrill be both high in price and long in de!ivory. 
Hey{over, the incoming propositions at GE come in to the ~ ~" ~ngmn~ers and 
they ~'ork very c!osel~ ~ibh the salesmen in offerinj to the customer 
something we are suited ~o produce. 

If a customer should ask for some new equipment involvin 2 the latest 
ground spiral bevel gears vThich v~o are not yet set up to make, then a 
study to determine the advisability of adding the ne~,~ ~ and very special 
equipment vzould be required, If ~;~e decided to add the equipment we v~ould 
likely have to add six months to the normal oromise. The better solution 
might be to subcontract the special gears to-some gear manufacturing 
specialist ~vhich solution ~rould expedite shipment and probably not add 
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too much extra to the cost. There are generally solutions to any problem 
re±l .... in the but their difficulty is pretty well ~ ,,~t~d extra cost and ion~<e~ 

shipment s ch@du!e. 

COLONEL ~{~CKE~oEN. i,'Ir. Dickie~ may T como!iment you on having trans- 
ect_fy-~ ~ !ec- 

fated a possibly nebulous title into a most interesting end ~~ " ~ ~ 
ture. I think I express the rea.l a~oreciation~. . of the College for a most 

earn@st and entertaining talk. Thank you very much. 

(2& January !949~750)S- 
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