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i]~DUSTRY,S METHOD OF DEVELOPING REQUIRE~/~NTS 

5 December 1950 

COLONEL YITTHIAS: Gentlemen, each year in our Requirements course 
we try to take one look at industry for several reasons: First, to see 
if there isn,t some of its technique which we can apply to our ov~ 
problems~ and, second, to get a little better appreciation of what our 
requirements do to industry, particularly when we start changing our minds. 

Last year on a field trip to Detroit we went through the Ford Motor 
Company and heard an excellent talk tha~ fittedinto this subject. I made 
up mymind then that I was going to try to put my hooks on the speaker and 
get him down here this year to address the. ., 
.knov~ to you, but  i t  does not  fu ]qv  ~ . ;  . . . .  w h o l e  ? l a s s f  His biography, i s  
ne was invo v • --~ ~ray a~± ~is mJlitar~ • ~ 1 ed in the Serv" Fn~a~ +~ ......... - Y experlence~ 

Ice ....... nruagn most of the war and has a good understanding of the military problem. Na 
standing of industry or he woul~,~ ~ ..... turally, he has an under- 

~ ~ u~ An nls presen$ position. Therefore, 
I feel we are particularly• fortunate to have a man of his experience to 
deal withthis problem today. 

I take great pleasure in presenting Nr. Frank C. NcCoard, 
Director, Production Programming and Control, Ford Notor Co~©any, 
l~. McCoard. 

~. McCOAi{D: Gentlemen, I appreciate very much the opportunity to 
come down here. I hope that I can make this smooth enough so that each 
of us can getsomething out of it. 

To begin with, the success of mass production in industry depends 
upon two things. The first is specialized, automatic machinery which 
runs at a high rate of speed. The second is the bringing of the job to 
the man rather than the moving of the man to the job. The thing I am 

of going the to job talk to the about man. today is that second principle, which is the bringing 

This job in industry, we call production control, and one of the 
basic factors in production control is the computation of requirements. 
The production control job consists of having the right Parts and 
materials available at the right machines 'at the right time, after having 
allocated the right manpower to those machines so that their product moves 
smoothly along the chain to mee~ the other components of the eventual end 
product, so that it in turn can be delivered in accordance with the 
production plan. 



American industry, in producing a major product, operates as a 
single assembly line. The various operations may be located in many 
different• plants, under many different ovmerships--but to the man, or 
group of men, that we will call the ,,master scheduler" the entire 
operation from raw material through the finished product is treated as 
though all operations were under one management and under one roof. 

This peculiarity is both the great advantage and disadvantage of the 
American mass production industrial system. You might represent this 
system by a long freight train and that of other industries as a group 
of motorcycles~ The make-up of a freight train must be carefully planned; 
it starts very slowly; as it gets up momentum, it is nearly as hard to 
stop as it was to start; and it just can't make a right-angle turn. These 
problems don't exist with the motorcycle° But, when that f~eight train 
gets rolJ.ing it can deliver a lot more goods, a lot faster, and a lot 

cheaper than a fleet of motorcycles. 

It is of utmost importance in the event of war that our contracting 
officers learn to distinguish between freight trains and motorcycles. 
Freight trains are no good for use as motorcycles, and there are good 
motorcycles. During the last war many very good motorcycles were serving 
as freight cars in a big train. ~ They weren't usually much good as 
freight cars, and we were failing to make use of their ability to start 
fast, turn corners, stop fast, and operate economically under light loads. 

My discussion will be confined to one piece of the freight train type 

of operation--production control. 

As I first stated, the production control job consists of aaving the 
right parts and materials available at the right time at the right 
machines, and to have allocated the right manpower to those machines so 
that their product moves along the chain to meet the other components of 
the eventual end product, so that it in turn can be delivered in accordance 

with the production plan. 

The usual form of organization to accomplish this function is one 
very familiar to you--a general staff directing policies and methods and 
containing the master scheduler plus a small group of trouble shooters; a 
line organization in each plant handling the requirements for that plant~ 
and sometimes a secondary or field headquarters staff functioning over a 

group of plants known as a division, 

• The functions have the same coverage regardless of level. The first 
iS"material handling, which includes the physical receiving, warehousing, 

is what we call supply control, which is the 
and shipping .• The second ............ ~÷ ~ro~er levels and locatmons 
procurement, disbursemen~ ana maln~en~ ~ ~ 

/ 
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of those items other than machines which are required for production, 
but which do not become a part of the eventual end product. The third 
function is production scheduling, which includes the procurement of 
the parts and materials required for manufacture, and the cycling of 
the machines and manpower availability to meet the shipping schedule. 
I will try to keep this discussion in the field of this part of the third 
function snd also try to avoid complication, even at the risk of over- 
s implifi c ati On. 

The method of accomplishing this particular task is simply by 
adjusting in terms of time each component and material, based upon the 
end product requirement. These adjustments are what we call floats and 
consist of "in process., "o~r~+~ - .. 
These ~ ...... < ~ ......... ~ reserve,.~ -and "transit time., 

~va~s may ex~end through many operations &nd many plants, but they 
do not change quantity; they simply divide quantity into time comparoments 
for ordering and scheduling purposes. The proper establishmen~ of these 
time compartments and the policing of actual production to maintain adherence 
to the time schedule is the key to good production scheduling. 

If we looked at a consolidated manufacturing schedule as seen from 
the viewpoint of the mas~er scheduler, it might seem to be a hopelessly 
complicated maze--with all its various operations, prime contractors, 
subcontractors, floats, cycles, and so forth extendln 
back from the finished ~ +  • ..... ' ' g all the way 
to ~=+~-~ -'~ • -- -~ ~-~ ...... ~nrougn T~qe steel mill. I'm nn+ ~ 

.... • ~u zo Isn.z complicated_ but it's ~-,* ....... -_-~- 6~x,,~ 
, ~,~v ~u ua~ as it looks. 

Remember that each stage Of operations carries its own responsibility 
and that each is scheduled to produce its part of the end product by a 
formula stepped back from that end product in terms of time.. 

To return to our freight train for a moment, you can calculate when 
a cerDain box in the fifteenth car is going to pass the point which was 
previously passed by the locomotive, because that box is contained within 
the fifteenth car which is a part of the string attached to the locomotive 
which is moving at a certain speed. That speed is controlled by the 
engineer who is the master scheduler. ~f a car jumps the rails or 

develops a hot bo w it stops the whole train. Probably someone selected 
an unsatisfactory car in planning the make-up of this train. 

Now let,s get away from theory and follow first an actual civilian 
program &nd then a specific component of that program. 

The General ~anagement of a company decides to introduce a new 
product having certain general characteristics. Product Engineering 
develops ~ the product and releases the detailed specifications for the 
components which make up that product to Plant and Tool Engineering 
and to the Production Control organization which is responsible for 



producing the end product. We -;rill let Plant and Tool Engineering work 
out plant layouts, processing, and tools and just take care of our part 
of the job in this d~scussion, although we couldn't do that in practice. 

Production Control for the "end product issues requisitions to its 
Purchasing organization for the componehts of the end product %o be 
delivered in the form required by the end product operation. Production 
Control of the pr~ne contractors in turn issues requisitions to their 
Purchasing organizations~ and so on down to the last subcontractor. 

At the same time, Production Control of the end product operation is 
obtaining time estimates on each component from Engineering, Purchasing~ 
and Production so as to set an estimated effective date for production of 

"s timated effective date is then referred to 
the end product. ~hm es 
General N~agement for approval. 

f f ~ ctlve Assuming approval of this ~' :~ " point, each Production Control 
organization in the chain, from final assembly back to steel ordering, 
time phases ~ach component bach to the preceding operation so as to set 
the effective point at each stage of the operation for each component. 
A mistake in this can be fatal. ~lhis is wh~re the master scheduler 
really does his work because this is the make-up of our train, upon 

which depends its entire performance. 

In the meantime, Purchasing at all contracting levels has completed 
its contracts establishing the source and price of each item and has 
furnished its Production Control with a copy of each contract. Pro- 
duction Control then issues its part of the contract which authorizes 
these specific sources to procure the necessary raw stock and purchased 
components, fabricate their product, and to ship in the quantities and 
at the time required by each operation to meet its effective point° These 
authorizations, or releases, as they are usually called, must be followed 
up to make sure that each supplier is taking the steps necessary to meet 
the schedule and that he actually meets it. In this type of operation 
it does no good to be 99 percent right. You must be I00 percent right. 
Even in the final assembly stage it takes ipproximately i,OO0 different 
subassemblies to build an automobile. The arrival of any one of these 
subassemblies two days late may close do~Jn your entire operation. 

Production Control must then schedule its o~m% machines and its 
manpower to meet its releases. Upon rcceipt of its materials or 

...... st deliver them to the machines scheduled for pro- 
m onen~s- -~ ~ • • or through storage 

d~cPion, e!ther directly from the recelvzng deck 
areas. After each operation, it must again take over to accept the ~-~ ~ Throughout all these processes, 
product and move it on to the next suave. 

v<~ ~ ~ ~'~' T/, "~q[ "i[~ ~ I ~ 



Production Control must maintain co~plete accountability in both time 
and quantity. Failure to maintain accountability in quantity will 
result in incorrect releases to suppliers. Failure to maintain 
accountability in time results in lost man and machine hours. 

There is a little point of definition at this point I would like to 
bring out. From time to time, the ordering cycle or the production cycle 
is Confused with what is known as lead time. Lead time, going back, as 
we were discussing this initial program, may. be governed by several things. 
You have to procure machines; you have to procure materials; and you have 
to place orders. So total lead time consists of the longest of any of 
those three components of time. Perhaps your material in one operation 
can be procured more rapidly than machines. In that case your machine 
time is the lead time. It is quite a different thing from the ordering 
time required once an operation is under way. 

Probably the simplest means of explaining the ordering time cycle is 
to use a specific example of a single component. Let us assume that we 
desired to build on X day in a certain assembly plant lO0 custom Fordor 
sedans with overdrive transmission° For the assembly plant to build a 
custom Fordor sedan with an overdrive transmission it is necessary for it 
to order 1,099 different components to be assembled into the vehicle. 

One of these components is the ovei~drive transmission which is 
shipped to the assembly plant from a transmission planto Abou~ one-half 
day elapses between the start of the car assembly process before the 
finished cars come off the end of the line. We must maintain in the 
assembly plant about a two-day stock of overdrive transmissions ahead of 
the first assembly operation. This operational reserve is necessary to 
protect against minor failures in the transmission plant or failure of 
the material to move quite as rapidly as planned. Under normal shipping 
conditions, it requires three and one-half days for the overdrive 
transmission to move from the transmission plant to the assembly plant. 
The overdrive transmissions mt~st, therefore, be ordered by the assembly 
plant to be shipped on (X-6)o These six days represent the sum of the 
in-process time, the operational reserve, and the in-transit time~ 

In the transmission plant one of the 31 subassemblies of the over- 
drive transmission is the overdrive assembly. It takes about one-half 
day in process of transmission assembly, two days in operational 
reserve ahead of the first transmission assembly operation, and two and 
one-half days transit time from the overdrive assembly plant. That adds 
to five days. The 1OO overdrive assemblies must thus be ordered shipped 
from the overdrive assembly pl~zt on (X-6)--which we required for the 
assembly plant--minus these additional five days which brings us back 
to (X-ll). 

5 
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One of the 97 comp orient+J/used by the overdrive assembly plant in 
making an overdrive assembly is the overdrive shaft, which is procured 
from a machining plant° The time in process of overdrive assembly 
plus the desired operational reserve plus transit time from the machining 
plant to the overdrive assembly plant add up to seven days. The leO 
machined shafts must thus be ordered shipped on (X-Ii-7) or ~X-18). 

7he machining plant operates on a slightly different basis since 
it buys bar stock rather than assembly components. Since the machining 
process is rather long and Since other items must go through the same 
machines) it is necessary to maintain a small shipping bank of about a 
three-day stock. The machining process requires about five days. The 
operational reserve of the particular type of bar stock must be maintained 
at 20 days ahead of the first machining operation because this particular 
type of stock is shipped only once each month from the steel mill, and 
even this production may be delayed+ Thus the machining plant must order 

the bar stock shipped en (X-i8-28) or (X-h6). 

The bar mill converts billets into bars, and the standard pattern 
provides about 7 days in process from billets to finished bars with an 
operational reserve of billets amounting to another 7 days, or a total 
of lh days. The bar mill must thus order billets delivered on (X-h6-1h) 

or (x-6o). 

Under ideal conditions, the blooming mill and open hearth operate 
as a continuous process so that the billets are produced from hot 
ingots) which eliminates the necessity of reheating ingots and also the 
necessity of maintaining an operational reserve of ingots ahead of the 
blooming mill operation° ~-e will assume this ideal condition so that 
the blooming mill would add only four days to the chain and must order 

ingots on (X-60-~) or (X-6~) 

Throughout this entire cycle we have assumed that no time was 
required to write ard~rs~ schedule operations, or schedule shipments. 
Under ideal conditions, this is generally true until you reach the 
first operation. This is because the time required for these actions 
in subsequent operations is absorbed in the actual production schedule. 
In the first operation, however, which is the open hearth, the order 
must be received approximately 30 days prior to delivery of the ingot 
because each month's cycle must gener~!lY be plarmed in advance since 
thousands of different types of product must move through this single 
operation. The order from the blooming mill to the open hearth must 
be received by that operation and a melt schedule prepared to provide 
the specific code, quantity; and size of ingot which will be necessary 
to produce this particular bar stock° %%re must also remember that an 
open hearth furnace is a very uncertain thing. In spite of all efforts 

6 
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to control the chemical conten~ and the physical condition, one cannot 
expect to produce the right ingot more than 70 percent of the time. 
If you fail, you must keep on trying until you get that particular code. 
For our illustration, however, we will again assume an ideal 
which]would require the blooming mill order b~.~s ~ (v ~i. ~ operatlon; 

o--*~ ~ ~,u u-zzerence oe~ween float and lead time. 

In this particular illustration we have made two assumptions which 
materially decrease the time actually required in.the mast~.~r ordering 
formula. The first is ideal conditions in the steel operation and the 
second is the use of an item of such size that it is shipped on to the 
next plant on a daily basis. For example, in the vehicle assembly plant 
we stated that we would carry an operational reserve ahead of the vehicle 
assembly of only two days. Such a small reserve would, of course, 
require daily shipments from the t~ansmission plant. In many instances, 
the value of the par~ is so small or the handling of daily shipments so 
expensive that shipments would b.e made once each week, once every two 
weeks, or perhaps once a month° This shipping frequency would, of course, 
increase the operational reserve by ~he number of days in the shipping 
fr.equency, which would add tl~ same number of days to the master ordering 
formula. Likewise, many items are made on a cycle run basis in which the 
same machines are used to ~re~e a nu~er ef different parts and are 
available for use for the s~eif~c" part under discussion on the basis 
of once each week, or perhaps ence each month. I would prefer~ however, 
no~ to complicate our example with any of these factors. 

This then is the general pattern which must be followed for ordering 
and scheduling each item and, as you can see, it is an equation :in time 
rather than in quantity. The quantities develop from application of the 
time factor to the end product production plan. 

In actual practice machines frequently break dove, materials fail 
to arrive on schedule, ©r are found to be defective upon arrival, or 
other delaying factors occur. Production Control managers in each plant 
keep in constant contact with the Production Control managers at the 
preceding and following stage so as to improvise in some fashion to cover 
these losses and still maintain scheduled shipment of the vehicle from 
the vehicle assembly plant. We also maintain a small group of trouble 
shooters on the central staff to provide emergency expediting service 
and to develop some means of maintaining production when the operations 
fail to work out according to plan. 

the primary purpose of this discussion is, of course, its applica- 
tion to government procurement. In addition to the supplier selection 
prob!em ~which I mentioned at the beginning of this discussion, the 
three worst problems in production scheduling are poorly plauned 



engineering changes, rapidly fluctuating schedules, and the application 
of purely mechanical methods of computing requirements ~ithout suffi- 
cient knowledge of the effect of those requirements upon preceding 

ope rations. 

Poorly planned engineering changes usually result in a failure to 
deliver on time, the eventual delivery of an unsatisfactory product, and 
the ~aste of parts and materials. Although it is very seldom that an 
engineering change would affect only one component, let us stick to our 
general principle of using the simplest possible illustration, which was 
the overdrive shaft in our discussion. Each component must be balanced 
at each stage of operation to produce a final change if interchangeability 
of parts is affected. However, if we assume that the only thing we are 
going to change is some manufacturing detail in the machining of this shaft, 
and that this change would not ~ affect the interchangeability of shafts 
made after the change with those made ahead of the change, then the 
clbsest point at which the engineering change can be set without waste 
is (X-26); this represents the point in time at which the bar stock moved 
into the machining process. If this change required a difference in bar 
size or in the physical or chemical make-up of the bar stock, then the 
time would be much longer. The real ws~te occurs, he%ever, when inter- 
changeability is affected and a number of components must be changed. 

You would be surprised to know how many components have to be changed 
to make what appears to be a very simple engineering change. ![~e ash tray 
in the 19h9 Ford didn't fit very well; we d~cided to make a slight change 
in that ash tray so it would fit better--we changed 123 parts. The same 

thing is true in any type of engineering change. 

. . . .  t affected and that a number of 
Now if we assume intercnangeaomlm Y is 

components must be changed, a few of them c~n be changed withi~u 20 days, 
others in 30 days, and others possibly in 40 days. Unless the change is 
made effective, based upon the longest ordering formula for the affected 
components, you have not only wasted materials, but you have also created 
a gap in the production chain equal to the difference between the 
effective point and the oraering formula for the longest item in the change 

The second problem was that of rapidly fluc$uating schedules. To go 
back to our illustration, we assumed that we were running at a steady rate 
of iO0 jobs per day throughout the entire operation, at least all the way 
from the machining plant to the assembly plant. C~ this basis, the 
assembly plant would have in stock or in transit a six-day stock of over- 
drive transmission or 600 pieces. The transmission plant woUldEachhaVeof500 
pieces. The overdrive assembly plant would have 700 pieces. 
these plants is shipping at a uniform rate of I00 per day to the next 
operation. At this point we cut the schedule in half. At a schedule of 
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50 per day, the assembly plant now has a 12-day stock. For this reason, 
on a mechanical basis, it would not only cut its order to the trans- 
mission plant to a 5C-per-day rate~ but it doesn't want any stock at all 
for six days because it will take that long to reduce its stock to the 
six-day level at the reduced schedule. The transmission plant has a 
iO-day stock at the new schedule and has no requirements from the 
assembly plant for six days, so that it is out of business for six days 
and requires no stock from the overdrive assembly p!~t for ii days. The 
number of days down time for each operation on a 50 percent cut can be 
measured by the master ordering formula° It is a very serious matter to 
put a plant out of business for 18 days, which is nearly one monthj and 
at the same time to require it to start up again at a much lower ra~e° 
This build~up in the effect of schedule ' 

• changes creates very serious 
manpower problems. Sudden increases have the same sort of "crack-the- 
whip" effect, but are really worse because someone in the chain is 
almost certain to fail at some stage of his operation. 

in civili~l production each Production Control manager tries to 
cushion the shock of changing req~ircments rather than using the 
strictly mechanical theory of order placement. Using our example, the 
assembly plant instead of shutting down the transmission plant for a 
period of six days would perhaps, after discussion with the transmission 
plant~ reduce its schedule to 40 jobs per day° This schedule would 
enable the transmission plant to maintain the manpower required for a 
50-per-day operation which was the new schedule, but to work these people 
only four days per week until the effect of the adjustment had been worked 
out. Each plant in the chain would temporar~ily haw~ in stock more than 
its planned inventory, .which would be gradually liquidate~d without causing 
actual shutdowns. Sometimes it is possible to delay the worst of the 
shock until a vacation plan can be arranged to correct the inventory 
conditions. In spite of these efforts, the effects of schedule changes 
due to sales demand are very serious even in civilian industry° 

In government procurement the usual effect upon manpower and morale 
is much worse than in civilian industry, partly becuase of usually 
following the m ~ " 

ecnanlcal method and partly due to lack of explanation. 
Each party receiving these changed requirements ~thout explanation which 
cause them to shut down or double their rate begins seriously to doubt 
that the organization making the original change has any particular idea 
of just what it is doing or just what effect the change has in the chain 
of production. This is particularly ~rue when a cutback is followed 
by an increased schedule. To use our illustration once more, if we cut 
our schedule to 50 jobs per day and use a purely mechanical method of 
handling requirements, our machining plant would have been closed for 
18 days. Now let,s ass~ne that a month after this first cutback the 
schedule is raised to 150 per day° The machining plant is now obliged 
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not only to jump its production from 50 per day to i~0 per day, it must 
also build up the floats in each subsequent operation ~o the level 
required for a 150-per-day opera~d.on and then slo~ do~ to a 150 daily 

rate° 

Nearly everyone in industry recognizes that war needs fluctuate 
even more rapidly than customer demand for civilian products, but most 
industry also has a deep suspicion that true needs, even ~ar needs, do 
not jump around quite so much as government orders. There is an 
entirely justified belief that some of these changes resulted from 
purely mechanical calculation of demand passed on to the government 
contractor ~ithou~ any consideration of the effect of the change not 
only upon the prime oontra ct°~ but at all levels of subcontracting effort. 
A better understanding of %hese scheduling problems ~ili save the ~ounsry 
a great deal of cash outlay and time. The latter co~m~odity probably 

being the mos~ important in the case of actual war. 

The effect upon morale can be bettered DY trying to give some 
explanation for schedule change at the ti~e the chs~ige is maae, which 
can be passed do~ to everyone affected. This technique has two great 
advantage~s which we have found in our o~ operation. In the first 

=e vo nno~ ~,hy he is 
place, it requires the individual making ~e cnan~ 
making it and to have some appreciation of the proolems involved, in 
the second place, a great many changes ~hich are indicated as being 
necessary are never made, becuuse the individual making ~he change, 
-~hen required to analyze his reason for the change, frequently finds 
tha~ there isono real necessity for the change in the first place. 

fn closing I ~ould like to re,emphasize tha~ American mass productive 
industry takes a long time to get started bu~ can move very 9apidly in 
a straight line once it is set up; it develops such terrific momentum 
that it is extremely difficult to stop or to change speeds ~ an~ that it 
cannot turn a corner except by gradual curves° Engineering changes 
which are mandatory m mst be made as rapidly as possible without regard 
to ~aste, but ~hose vinich are only desirable should be more car'sful!y 
planned. The last point is that I believe our governmen~ contracting 
officers can perform a great servJ.ce through understanding the problems 
of schedule changes and by trying to supply reasonable expls~ations for 
rapid cutbacks or increases in tneir contracts %~hen these rapid changes 
are really necessary~ so that~ instead of a contractor feeling that 
uSome dumb guy added an extra zero or he doesn't kno~ how this is put 
together," he knows that this change is being made because some certain 
item proved to be ~u~satisfactory and had to be changed, or that ~he 
conditions in some particular field of effort have so changed that it is 
imperative that this change be made. A~ud~ beliew~ me, they don't put 
much stock in this blanket explanation ,for the good of the %~ar effort," 



because that Simply indioates as a usual thing that the maz~ doing it 
isn,t quite sure why he himself is doing it. 

Thank you very much. 

Q U ESTION: Mr. 
this~c~°ara'modificationl am wondering if you ever used in the 

particularlyCiVilianindustrYin the aircraft principle that was put into effect, 
industry, and I wonder if you would comment on the 

feasibiiity of using modification for quick engineering changes 
that might be deemed necessary? 

MR. I~cCOARD: We have used it primarily in the filling of special 
orders for, let us say, trucks, because there are probably 200 to 3OO 
different standard trucks. Then~ a lot of additional changes are made to 
fit individual customers, orders. There is, I •be~meve,~" a much greater 
possibility in govermnent work of applying the modi1ication center 
principle than there is in civilian work because the modification center 
idea speeds up the application of the change. It speeds it up tremendously. 
There is no question about that; but it frequently result~ in pretty heavy 
expense. To use an example, in a civi!ian situation, let us assume that 
we put in a modification center on trucks which would require bdilding 
a standard truck and then for use in high altitudes of a change in the 
generator and a change in the radiator, and two or three other such things. 
We have already spent the money to put on the standard item. Now we not 
only have to spend the money to take it off, we must also put the Other 
one on, and we. can either find some way to use that standard item or 
even~ually it is that much loss--and, Of course, industry didn,t have a 
Surplus Property Board that it could turn ~ that stuff over to. Industry 
itself has to take that loss. But I think for fast engineering changes, 
even though it is expensive, the modification cenzer is a very good idea. 

QUESTION: Nro McCoard, what opportunity or possibility is there of 
absorbing some of this timing in engineering changes by the making or 
manufacturingof the question?el spare parts? Is tha~ possible, feasible, or is it out 

MR. McCOARD: -It is very seldom possible because the alteration 
usually changes the spare parts required as well as the end product. Let 
us just go back to this little change I mentioned on the ash ".:.ray. ~hen 
we make an engineering change in an airplane for example, it is a lot 
tougher than that, but, let us just take that little ash tray where we 
had to change well over iOO different parts, processes, and even cha~]ged 
materials. There really is no way that you can simplify engineering 
changes° They are necessary evils, and all that we can ask the government 
services to do is to try to evaluate the changes and fit them into groups. 
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Let us say, there is a change that does not involve interchange- 
ability such as th~ one I mentioned where there was simply a difference 
in how a shaft is machined. By giving the machining plant the 
responsibility for establishing the effective point and of passing that 
information up the line, the change can be put in with no loss. Even on 
changes involving interchangeabi]ity, there are changes which must be made. 
It is a safety requirement or it is one which is necessary in the product. 
Okay, go ahead and set it. Those things happen whether it is in government 

contracting or in industry. ]~hen a change is necessary, it is made. That 
change is made as rapidly as possible, and there is enough flexibility in 

industry to make that change so long as industry understands ,,~is is a 
e" this is ~y it must be made." But we shouldn't throw. 

mandatory chang, ~ - ~ ..... -~ ...... ll it simply wou~a De nlce 
t same rou a lot o.~ cnange~ ~n~u~ -~ ~ ~ -- -x-e~t into tha - g P • roolem ~ ~ -- • - ........... und that nartlcu±ar P 

to have changed. T~ere is ~o ~ ~ . ~ . . • 
just in trying to use the best 3udgme nt possmble in analyzing the reasons 
for the change and an treating them in the order of their importance 
rather than assuming that just because the engineers think it would work 

a little better this way that it is a necessary and divine edict. 

GENERAL HO~: Mr. MoCoard} we have a pretty good principle in our 
tactical operations in the military all throughout the system} that is} 
the warning order and I ~ sure you have seen both sides of this work. 

o V~nat luck did you have in making ch~o~g es in your ~orld ~ar II agency with 
warning orders, and why shouldn't we make more use of that principle in 

our programming for manufacture? 

MR. NcCQARD: That is a very good principle. It was a very helpful 
sort of thing. I think a lot more use can be made of it. The Ford ~otor 
Company uses what we might call a warning order. Y~hen an engineering 
department first begins to think of a change, it prepares what is called 
a change request and a copy of that piece of paper goes all the way 
through the operation. Maybe it will cover only materials, but it is a 
warning, ,,Somebody is working on this change. Watch it. Keep your 
inventory under control." ~en it looks as if v~ry stringent credit 
regulations or something of that sort is coming up, or a limitation order 
on the use of aluminum} that sort of information gets down the same way. 

~" n get to our con- 
The more information and the more explanaomo we can 
tractors ht all levels, the better off we are going to be~ 

QUESTION: In following thr.ough your production management control 
on all these requirements, does each production control manager control 
those items that go into his particular item or does the central control 
office follow all through the chain? In other words, do the people in 
the first plant try to maintain a production control of 1~099 and the man 
in the next plant on only 31, or does it go all the way down the line? 
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NR. McCOARD: That 1,099, for example, was only the number required 
to build one particular variety of car, ~md the m~mnufacturer probably 
makes in that assembly plant I0 varieties of passenger cars ~d maybe 
lO0 or so variat_~ons of trucks. BuD it is true that the production 
control manager in that assembly plant worries only about those items 
v4qich he brings into his plant and the product v~ich he sends out. The 
same is true there and all the way back. But ~;hen we seD up our original 
program~ the central office examined each one of these figures to make 
sure that the time phasing stretched all the way back through the chain, 
and it was set up fairly well. Once this is established, so long as it 
is esLablished in accordance ~th the methods prescribed by the central 
office~ then we keep out of that fe!!ow~s business just so long as he is 
keeping himself ouL of trouble. But as a check against that, each of 
these operations Prepares behind-schedule reports which show what seems 
to be slipping a little bit from the preceding operation. Those reports 
do come to the cenLral office and on each one of those items that are 
slipping a little bit too much %he central office moves ino But so long 
as the operation keeps itself cud of trouble, we can relax very easily in De arb orn. 

QUESTION: Nr. McCoard, it seems to me that the automobile industry 
makes rather radical changes each y~ar ~ n6qv mode!s~ Can you explain 
how that process fits into th~ ;picture without losing momentum? 

~,~. McCOARD: Yes We are setting the e ° ' 
" ~feetzve points now for the 

1952 models which will come off the end of the line in ~robably the first 
two weeks of November 1951, We are engineering the 1953 model but we are 
already establishing the time sequences for the model which we will put 
into effect next November~ Within this total ordering time, we will 
establish what we call a balance-out point. From tha$ point forward, no 
changes in schedu?.e are permitted--no engineering changes are permitted 
unless that engineering change happens to be one of those which can be 
effected without loss or which is imperative because of the service in 
the car. Other than that, when you reach that balance-out point, you 
decide that you are going to build so many more cars of the i9~i model. 
If you have a strike or if your production slows down, or regardless of 
what happens, you still build tha~ many cars, ~Id you adjust your entire 
production in time. The big reason the automotive industry is able to 
make those model changes is that the engineering and the effective points 
are set at leas~ as far ahead as the longest item in the ordering schedule. 

COLONEL NIENI= Mr. McCoard~ you have given us a real insight into 
the problems of industry--relating how industry determines requirements and 
explaining some of the problems it mee~s. We deeply appreciate this, so 
for the faculty and studen~s~ I thank you very much. 

(23 Jan 1951--500)S. 
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