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PRODUCT 10N ENG I~VEERING 

30 January t961 

C~I~TAIN MARCY: As you heard yesterday from Colonel Cave, one of 
the objectives of the Production Course is to take some of the myst~ry 
out of the subjiect of oroduction. This morning, Colonel Barnes, in 
his thumbnail sketch of what you should learn from the Production 
Course, practically resolves it, so that there is no mystery ]eft. 

However, in the event some of you srs still someqvhat mystified, 
we are v~ry fortunate in having ~ith us this morning, ~r. Paul Stock, 
Chief Industrial Engineer of the York Corporation, who will attempt 
further to demystify this subject of production. 

It is with great ol~asure that I welcome Mr. Stock back to the 
college and introduce him fie this clnss. ~r. Stock. 

MR. STOCK: Good mornir~, ge~tl~mer~. This subject, "Production 
Engineerir~g," is not mystifyi~ at at!. Really, it is very simple. 
Break it down into the simplest possible fo~s; then it becomes easy. 
The same technique would be used in eatin~g an elephant. We eat him a 
bite at a time--even if we llke elephant. 

As you came into the auditorit~m, each of you received a copy of 
this "passout." Should you be unable to see the visual aids distinctly, 
you can follow the discussion by referring to the booklet. (Booklet 

was not reproduced.) 

At the York Corporation, we call this subject "industrial engineer- 
ing." It can be called "production engineering." It can be called 
"methods engineering" or "process ~ngineerir~." In some plants it is 

under the jurisdiction of the master mechanic. It goes by a number of 

different titles. It can be used whether one or a hundred items are 

going to be made. Either way, it still pays to go through the analysis 

sheets and the oroduction sheets in order to come out with a correct 

estimate at the end of the job. If a correct estimmte is made, pro- 
duction can proceed without too many headaches. 

First of all, I want to say a word or two about our plants at 
York, so that you will get ~ome idea of how these sheets can be used on 
one piece of work, a thousand pieces, or a million--on small work, such 
as thermostats; on large work, such as tanks. It really doesn't make 

any difference. 

(Charts used during this lecture were not reproduced.) 



This aerial photograph sho~s our two York plants. We have almost 
a million square feet of soace in our plant at Grantley and almost a 
million in the one at York. The York plant is in reality a jobbing shop. 
Our highest production at this plant is about five of any particular 
type of machine a day. The highest production at Grantley is GO com- 

plete air-conditioning units an hour, or one every minute° The production 

engineering in both olants is done by the same system. The estimating 

is done by the use of analysis sheets. ~ Naturally the amount of tooling 

and type of supervision are different and more time is spent on plant 

.layout for the higher production. 

At York we try to handle our industria.% relations from a human re,- 

lations angle, and the following formulas are used. in our work. The basic 

needs and ~esires of people are: security, opportunity, recognition, and 

incl~sion, if we give workmen all these benefits, we don't have too much 

trouble with them. The formula for ~roup relations is: Understanding 
modified by tolerance l~ds ~o agrGement; and responsibility modified by 
coordination plus incentive leads to cooperative action. Thus formulas 
are dsed in all our dealings with th~ workmen on working conditions and 

intent ive pay. 

The following three charts are pictures of the Yorkproducts in 
production. They give you an idea of the scope-of our products as ~o 
size and production. Some are produced one at a time and ~ome on con- 
tinuoUs production lines. I do not wan~ to spend too much time on o:ni~ 
but I did want to show you that the syste, m works on all ~ypes of work. 

We ca~ now get down to the basic ooints of ~ oroduction engineering. 

In order to make an estimate and to get into production on any item, 

regardless of whether it happens oo be a complete tank or just a little 
thermostat, there are five basic things that the production engineer 
must know. Thero is no order of importance~ ho must know them all. 

~ • in the list is drawings Naturally, we must have The ~..rst one " 
them. Second, we must have the bills of material. .In ordnanco work, I 
belier@ that is called a "list of parts~" it is still a bill of material. 

Third, the specifications must be knov~n, especially on ordnance or 
govornmen~ work of any kind. The Governmen~ has some real tricky 
specifications on its work. Fourth, it is essential to know the yearly 
production. And what is more important than the yearly production is 

" lh-~ rate of production.means the 
the requirod "rate of production." m e 
delivery of five a day, or ten a day, or ten a week, or ten a moo~bh. Re- 

gardless of what the yearly production is, this is the production on whic 

the shop is set up--the rate of production° That is the ~ ot important 
item so far as the plant layout and production engineering is concerned. 
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In the last year we produced a~proximately 175,000 one-room air 
conditioners. If that figure is divided by 12 it will show a monthly 
productior~ rate of approximately 1A,600. But since this is a seasonal 
product we have to produce these air conditioners in eight months. 
This means a production rate of approximately 22,000 per month. This 
is why the rate of production is the important item. Yearly production 
is fine; but all that the yearly production tells is how many items 
are going to be turned out in a year's time. 

The production engineer must know the limiting factors pertaini~3 
to the job he is to estimate and put into production. If' he can build 
an entirely new building and ~quip it with all new machine tools, he 
will estimate the job one way. If he has to fit the job into existing 
machine tools, existing buildings, and just buy the minimum amount of 
machine tools and the jigs and fixtures, he will estimate it another 

way. Those are just some of the limiting factors that come in before 

he makes up his analysis sheet. 

This chart is called a "manufacturing analysis." It is just What it 

says. We take each piece and analyze it. ~ have to figure out h~¢ we 

are going to attack the job. On this parbicular analysis the first 

operation is broach. 

You will also notice here the locating points. This is very im- 
portant on any tyoe of work--I will explain why a little laber. On all 

operations the production engineer gives the locating points, the 

machine on which he is going to do the job, the ooeratio.u and department 

numbers, the speed (RP~) and feed he anticipates using, tools, fixtures, 
type and size of gauges, the select time, and an s!lowed time to per- 

form th~ operation. The select time is the actual raw time that it 
takes a man to do a job. That does not mean he, can wipe his hands, take 

a "chaw" of tobacco, ste, al a smoke, go to the toils't, or anything olse, 

this is the actual raw time. This must b@ modified when figuring up a 

load sheet. We will come to that a little bit later. 

You may think the difference between .367 select time and .?2 
allowed time is considerable on the first operation. This is mainly 
due to the incentive plan in operation at York. We use a modified 
Halsey 50-50 system where the workman is paid for one-half the time he 
saves and the other one-half reverts to the Company. The i~entive time 
plus time for oersonal reasons and miscellaneous time are added to the 
select time in order to give the workman s chance to earn some incentive 
pay before he becomes entirely proficient on the job. We believe this 
increases production quicker on new jobs. However, we guarantee the man 
his hourly rate at all times. 

.~ 5~ I ~ ~ . ~ - ~ "  i ~  "~'~ . ~~ 
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fhe manufacturing sheet also lists the material specifications, 
size, drawing numbers, date of issue, and space for possible revisions. 

Just the same as on the drawings, there/are some revisions. 

To you gentlemen that might seem like a lot of work; but really 
it isn't° A man can do that very qulck!~. Whe~ he is through with the 

man dfaoturing sheet, he can pass it right on t o  the purchasing agent. 

We can send the drawiz~s and analysis sheets out to a dozen d~...lerenu 

tool mannfacturers to design and build the fixtures. We can get prices 

from as many people as we want to send the analysis sheets to. They do 

not have to come into the plant and take up. our time and their time-- 
and time is of t h e  essence, right now especia1.1y.. ~. We can simoly~ send 
analysis sheets ou~ to them. They know just exactly how we are going to 

• ., ~ H e r e  i s  t h e  do the sob. They know the roach±n:, we ha~e to do it on. 
locating ooint (indicating). This. means we are going to locate it 
(they don't care why) at, point "X". They know we are going to broach 
that p~ece on a Cincinnati broach. Z:@ other words, we could build that 

fixture in our plant and send ~:t o:,~ to another plant and the possibility 

~.lgn. of its working well would be rmth~r '~" • 

on. production The same way with the drill and the chai~m~z °. We tell ~ e 
engineer that we, want a fixture for it; that we ar~ going to do the job on 

an upright drill Rress. 

WY~en we have our job completely a~alyzed oer ~iece, remember one 
piece a~ a time, we have to make an assembl~r. So, we have an assembly 
analysis sheet, and on tlhis sheet we actually put the p.~eces together 

on paper. We give the machine number (this happens to be a conveyor) 

and the name of the tools. Inoidenta~lly, there is no capital eguipment 

listed on the assembly analysis sheet. We list our tools a~d gauges, 
if there are any, and our select time and allowed time° Space is also 

provided for necessary or possible revisions. 

We then have "be make a machine-load chart. This is really one of 

the v e r y  important ,jobs. Yo~ will notice we build the machine-load chart 

before we made ~ sur.m~ary of any of the caoital or pro.'~ctcd tools° It is 

from. the machine-load chart that the n~mber of machine, s and fixtures can 
be determined. Perhaps two or three of the sam~ kind might be needed. 
Four or five of various kinds might be needed. This l,appens to be a 
machine-load Chart on a part of an air conditioner that we made. But the 

principle holds good on anything. 

We list the t.ypes of' machines and n o w  k n o w  what they are. If w e  

are fitting a job is,to existing equipment, we naturally know them. If 

we are not fitting the job into oxisbing equipment, we have made an 

analysis sheet and we knm:~ the type of machine needed. 
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The machine efficiency percentag~e on the machine-load chart is 

one of the most important items. That i~ a r~.th~r ~.llusive thing to 
get hold of. All plants calculat~ ~t just a little bit differently. 
When calculating a machine-lo~ ~h~rt, ~he select time i~ the body of 

the .chart has to be used because that is the base time it takes to do 

a job. But, we kn(~v perfectly well that th~ wor],ur~an is not soing to 

come into the plant at, say, seven o'clock in the morning and work con- 
tinua!ly until 12 o'clock~ He just is not goir~ to do it. He is going 
to wash his hands, take a "chaw" of tob~'~coo, or ~o to the to~le%. The 
machine is going to break down~ There J s no q~.~estion about that. The 
calculated risk has to be built into th~ machine-load chart. There are 
going to be errors and rejects regardless of hc~v good the efforts are. 
I do not think ther~ is an~hing oroduced that doesn't have some rejects. 

So rejects have to be built into the load chart. 

= .cienb caps~oity 5T~ double On this particular chart we see total ef ~ .... 
shift, at 80 hours oer week. You :Will notice the ei'ftciency time is 
84 hours on one machi~. We sey "~h~t 64 hours ooeration is ~ll we can 

get out of that machine, even though we ba':~':~ an 80-hour week. That 
probably happens to be a machine on which, %he rejects are rather hitch. 
~aybe it is an intr.~cate job that go,~s ow~r &t. But; the calculated 

risks must be brought in. If we do not bri~,g them in, we come up to 
the end of the month and find instead of _ producing !~000 pieces, Io and 
behold, we are ?reducing only 800. The expediters an8 the manager of 
the company will come d~,~n to %he production man and say to him, "Look, 
this select time says you can produce 1,000 pieces. Where are thby?" 
The selec~ time might show that 1,O00 of ~hem cax~ be produced, but 
there is the efficiency s ngie to take into consideration° That is very 
important. You would be surprised how many people ±n industry do not 
figure that in. They :just assuage these oieces are going~ to roll off 

the machine all day lor~g and that they will come out at the end of the 

m~nth with a high production figure. But, gentlemen, it doesn't work 

out that way. 

In our company we put out ~uite s bit of sUbcontract work. As 
one of my jobs, I generally have to okay the subcontractor as to whether 

he can do the job or not. It is always one of my basic questions to ask 

him to let me see his load chart. Although 99.9 percent of the sub- 
contractors do not have a loe~d chart, I ask them to let me see it, an~Nay. 
I am not, after all, interested in h,~ ma~ pieces he ~ets off s~ machine 
~n a day. I am interested in how many pieces my company is goin~ to get 

by the end of the mon:th. I do not care how fast Yie does them so lo~% 

as we meet our quota. 
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itG? 
I can very soon make a quick calculation. For instance, if the 

subcontractor has to do the job om one machine and he has 80 hours of 
work, select time, he is not going ~o be able to produce the necessary 
oieces in the required time. Accordingly, I am not going to get full 
production from him.. It is just a little stock question i ask them all. 
Other good questions to ask are, 1~at is your maximum efficienc~r? Do 
you have a load chart v~ith your maxi~m~m efficiency calculated in it? 
You would be surprised how many plants do not have it. 

Don't forget setups~ they are importaz~t. (The "SU" means setups.) 
That is the calculated amount of time it ],s going to take to set Up the 

machines. ~hen the figures at the ~ottom total more bhan~he figures 
at the top, then another piece of equipment is required° ''It is just as 

simple as that. 

Work can be sched~iled from a maohime-loa£ chart. The only time 

trouble is encounbered is when the schedule oa].ls for more work than the 
machine can produce or when a. major breakdown occurs. On asse~fbly it 

is a question of manpower, space, and asso~:~l~ fixtures° 

If a new plant is to be entirely equippe, d, the number of machines 

can be obtained from the load chart. If, .on the other hand, we are 

going to. fit machinery into an Old plant and jus~ buy a few items~ we find 

that out from the machine-load chart° 

In industry we have two different kinds of money, both of them good, 

I hope. One of them is project ex~nSOo .[~roject expenses arc those ex- 

penses that are necessary to produce the particular job being estimated 

and include fixtures, processing hooks a~r~d racks, purchased part tools, 

and dies, arid can bJ returned to the prime contrs.ctor. 

This expense is handled in one of t~t,o ways. Project expenses may 

be paid for outright or prorated over the number of pieces produced. 

Genera] expenses are those items that sro generally covered in 
overhead a~d are not a cart of a contract° Items generally put in this 
space are rearrangem'~nt of existing machine tools, cleaning o~t equipment 

used on the job previously pro'duced in the area you are going to use, 
factory development, perishable tools uo s~art the job, and ~qeneral items 

such as wrenches, hammers, gloves, and so on. 

The next chart is the caoita! cost analysis and. "covers the capital 

equipment in the same man.net as the project cost analysis co~ers the 

tools, jigs, dies, and fixt~res. On this chart, in addition to the 

name and source of supply, is listed t!~e delivery time, installation 

t~me, and. in addition to the unit cost the installation cost which 
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naturally is part of the capital cost. There is a con~mon. ~ ~fallacy among 
management and prime contractors that ~be time a machlne-oool builder 
requires is the time to get into production but they forget that the 
machine may have to be shipped hallb~ra] ~ across the country and then must 

still be installed and tried out. 

If it is brought out as an ite~, anybody accepts it. If it is 
covered up in the hole, nobody accepts it. The delivery and installation 

time will determine how soon production can start. This is the best 
estimate at the time the sheet was made up. Tha~ is about all that can 

be said during the present state of s/'fairs. 

The next chart is the cost analysis sun,mary. From this~sheet we can 
tell the projected and capital cost of equipment necessary for each piece 

in the unit and very often it gives an indication of whether a piece 

should be redesigned or purchased. 

I have heard it said quite often that this method takes much too 

long. I will admit a ]or of rifle is spent in making6 up the analysis 
sheets. But time or money cannot be saved until there is some to save. 
If we do not know what the job consists of, we can very easily bid too 

high and not get the job or bid too low and lose money on the job. 
Time is saved if the job is awarded, not in days but weeks and even months. 

A very fine example of this hapoened to us. During World War II we bid on 

and were awarded a contract for the manufacture of 75-ram. tank gun mohnts. 

It took us 8 months to get into oroduction and then we discovered we had 

bid many thousands of dollars too l~u on the tool and fixture cost. There 

was no lack of desire on our part to get into production, but the fact 

is that we made no analysis and did not order the necessary equipment 
on time. Our production rate on these mounts was 200 per month and we 

had the contract ll i~onths before we met our monthly production. You 

can imagine the pressure that was on our department and company during 

this period. 

As a contrast to this, we later bid on and were awarded a contract 
to furnish 25,000 rockets per ~onth; Analysis sheets were made on this 
estimate. We started into production on this contract within 12 weeks 
and were producing our schedule of 25,000 per month in 16 weeks. Why? 
Because we knew exactly what was necessary ~nd within the first week all 
tools and equipment were on order. There are many other advantages; for 
instance, the customers may think the costs are too high and we save time 

with 
I. • S - -" " by having all the deoall avail~ble to ta~k about the job. Again 

analysis sheets we can contact many vendors of equipmen:b and get the best 

price and delivery on the first contact instead of having them come in 

to see us and then go over the job as many times as there are potential 

vendors. 
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Since all the infozna'tion on the piece is available on the analysis 
sheet, any purchasing agent can get bids from several bidders at the 
same time. If the viece of equipment has to be engineered, the vendor 
can come into the plant with all the information On the first trip. 
This certainly saves many weeks of tinge. 

The next chart pertains to "plsnt layout and flow process. You will 
not find anything on it in your "passout" but it is nevertheless a 
part of the oroduction engineer's job. This is a layout to show h~v 
we are going to oroduce the pieces expressed in time° A f-low-process 
chart must be made to show where the job goes fro~, one operation to 

another, and it must be made regardless of whether there is a new plant 
or an old one. This Shows chronologically the piece flow from one place 

to another, or from one pa~b to. another. 

In this particular plant we gauge everything at the machine. Each 
machine has its own gauges. On any subcontracting work or any ordnance 
work that we get, we make positive, ly sure whe~-ever possible that the 
piece is right on one machine before it goes to the next. There is many 
an hour lost on a machine when the job is not done right on the previous 
opera bion. For example, a man produces his part exactly right but it 

was spoiled in the operation before. Therefore, the piece is no good. 

.Time has just been lost. That is all calculated in the load chart. Now, 

if we work on the system that each machine produces its part right or 
it does not get oassed on, we have a smaller percentage of error all~vance 

on the load chart. If we do not do that, then we must allow for it in 

the efficiency percentage. After all, the company is paid only for the 

number of good pieces it puts out. I don't think I have to dwell too 

long on that. I would be very happy to answer any questions on this sub- 

ject in the discussion oeriod if you care to ask them. 

The next chart is an incentive curve. Last December we were asked 

to reoair some tank hulls. I believe they were 40-ton tanks° Z do not 

know the ~me of them, but they were ra'bh~r big hulls and wore of riveted 

construction being changed to welded construction° Some of them were 

battle-damaged, all had mud on them and a f~w were in v~ry bad shape as 

they were shot up pretty badly. Our job was to repair them and weld them 

wh~re they had been previously riveted, We estimated t~e time for re- 
pairing those tanks, using an MTN standard, that is, "methods time 

measurement." Formerly, most of our standards were set with stop watches. 

This job, however, was calculated by using the ~{T~( method. We operated 

the jo~ on our analysis sheets. The job was started on the eighteenth 

of December and this curve (indicating) sh~¢s the time scent in relation 
to the estimate. By the eight of January the group started to ~ueet our 
estimated time and was earning an inoe~.tJve pay. By the eight of January 
the time (man-hours) per bank hull was down to here (indicating 65)° 
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This sh~,vs you what incentives will do. (Referring further to 
chart.) It sh~.vs we got th~ job on the eighteenth of December. On 
the eight of January we were a¢+,ually working on incentives. I say 
again this was due to th~ fact that we had cur analysis sheets and 
anticipated what had to be done before we actually started~ The job 
was started on the eighteenth of December and "~ve spent 86 nun-hours on 
the first hull but due to our incentive plan the time came dG~n ste, adily 
until we were producing the hulls in 65 man-hours. We could have ex~ 
pected the time to reduce from 86 man-hours to about 72 or 74 man-hours 
under normal working conditions. When you offer a wor~nan more take- 
home pay for more work produced, he will generally work harder to get 

it, provided the time expected is fair. 

I have stated before that the estin~to and incentive standards for 

repairing these tank hulls were calculated by the I~TM method. NT~ is 
exactly what the words imply, it is the measurement of a method ex- 
pressed in time and was developed by ~aynard, Stegemerten, and Sc}~ab 

of ~[ethods Engineering Council of Pittsburgh and is rapidly bc~comi.~ 

very well kn~vn in industry. Fsn~erly mos'b standards wore set by the 

use of a stop watch--timing th$ workman while he was performing the 
operation. With }~TZ'I an analysis is made of the job and each move, turn, 
reach, grasp, or stoop has a definit~ time value and th.~ 'time is set 
according to the method used. If the method is changed, the time is 
changed. There has been a manual written on this subject by the three 

men previously mentioned and it should be in your library. it is my 
understanding that government factories are restrict.~d from using stop 
watches. By this method workers cam calculate the time required to oct- 
form an operation even on maintenance work. H~vever, they must be 

trained in the technique. 

Now the job has been estimated. We believe that is the biggest and 
most important part of any job--getting it ~stJmated accurately. There 
are certain other points in this connection that I would like you to 

notice. Once the job is let, we have decided on a supplier, and we say, 

"0kay, Joe, you've got the job; go to work," all that Joe, the production 

engineer, has to do is the seven articles listed on page 3 of the folder: 

(I) He has to order all the tools and equipment from the process sheets, 

(2) Qrect the building, (3) install the capital equipment, (&) try out 

the tooling, (5) develop the assembly and test, (6) make a trial run of 

the plant producing the product at the estimated rate of oroduction and 

within unit cost. Those are two things the manufacturer has to do: He 
has to meet the cost because he cannot afford to go broke; and he has 
to meet the required oroduction or else quite a few people will be coming 

in and asking why. And finally, to complete the list, (7) transfer 
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responsibility over to supervision, live tell him, "Okay, Joe the job's 
yours. I know it will work out according to .the estimate because we 

have done it." 

I put a paragraph on the bottom of page 3 of the folders about 
the contmon fallacy of thinking that we can produce a job without esti- 
mating it properly and expect to get into full production. ~fe will, 
for instance, estimate the 'Pixtures. We will know all about them. By 
hitting the high spots an estimate will be obtained on a big. job in a 
day or two, but what is in the job will not be known. 

As an example of the use of analysis sheets, recently we were re- 
quested to bid on producing gun barrels, is most of you gentlemen know, 

this entails deep hole drillir~g, boring, broaching~ and honing. This 
work is certainly not in our line and we have n o  experience o n  it. I 

believe we were requested to bid because we have quite a large plar.t and 
are located in the Susquehanna Valley which has a good percentage of 

skilled mechanics. (Incidental!y, we would 'like to have more.) since 
this job was in production, i requested routing sheets or analysis sheets 

from the contacting personnel and was ~_.r~ orm.d that they were not avail- 
able. But the gentleman still winted the estimate within I0 days. ~Vitho~ 

the use of analysis sheets this job will consume at least 1,000 hours of 
a very good industrial or production engineer, while it would take only a~ 

150 to 200 hours if the sheets were a'vailable, even though we are entirel~ 

inexperienced on %his work. When you consider that there are only about 

25,000 to 30,000 men in the country capable of making a complete analysis 

of a job of this size, that is a gross waste of manpa~ero 

On this job we will send someone to an arsenal to observe the job 

in production; then he will come back home and spend the !,000 hours 
estimating the job, unless we can get routing sheets from the arsenal, 

then we can estimate the job in about 150 to 200 hours. 

We arc not interested in the arsenal's time her operation, as this 
can be calculated; however, we are in.torested in the techniques. 

I am not implying that all requests for bids on goverr.~ent work 
shall be accompanied by process sheets° That would be Utopia and 
physically impossible. However, on jobs that are in production it would 

certainly save many hours of time and effort. 

Thank you, gentlemen. 

COLONEL SEJ~v~TARD: Gentlemen, Mro Stock is now ready to entertain 

your questions° But first of ~11 1 think there is one point he wants to 

clear up. 

10  

~ ,~'~ ~ ~]~:":~ ~U/.":.:':W'i~'~ ]7 ~'x~ ~~ 



1 3 5 7  

Ni~o STOCK: I would like to make one correction in the booklet 
you have received. On page 3, cross out the y~ord "Product Engineer" 

and put in its place "Production Engineer." 

C0~gJ[ENT: If I understood you correctly, method time n~easurement 
is computed time. It is estimated beforehand. I was thinking maybe 
the time could be computed more accurately than it could be measured. 

MR. STOCK: I am sorry if I left the impression that MTN is more 
accurate than the stop watch. The standard unit of I~M is known as an 
M. T. U. and represents .0006 minutes° All the time values for ~TR~ were 
derived from thousands of time studies and motion-picture studies. The 
value of ~;[TM is the fact that standards are set very much faster and the 

fact that the method must be studied first and false moves eliminat~do 

Also the fact tha~ skill and effort are all computed on the average man 

when using I~TM, while with a stop watch the individual studying the job 

estimates these factors. I can give you a fine exam~.~le of the comparative 

accuracies between the stop watch and MT~!. I told you in my talk this 

morning that we had calculated the time on the repairing of tank hulls. 
Because of a union grievance we actually time-studied the entire tank- 

hull job after we were in oroduction and there was only 1.25 oercent 

difference between the two methods. The advantage of using ~ZT~I was 

the fact that it was calculated before the job was started and we had 

to wait until the job was in oroduction before we could time-study it. 

COLONEL SE~2gAPd): Does anyone care to -oursue this partic~lar ques- 

tion any furthe'r before we proceed? 

C01~%~ENT: Just with regard to time-motion studies, that, it seems, 

is one of the grievances the unions have had against standir~ over a 

man with a stop watch° 

NS~. STOCK: You are correct in your ass~uptions. It is my under- 

stand£ng that most of the national unions have accepted the N~f}~ 
standards. I have ,been told that the Garment ~aker's Unions, headed by 
I~Ir. Dubinsky, have accepted it and are plauning to use it in their 
studies. Unions do not like the idea of their men being studied with 
a stop watch for many reasons, two of which are: first, the psychological 

effect of having someone standing in back of a man watching him while 
he is workimg; second, "the elimination of so-called false moves and 
leveling a man's skill and effort. In time-study work these factors 
must be leveled inasmuch as all time values are set on the theoretical 
average man and we all know there are very few average men. Most of us 

are either above or belm~z average. With ~TM these conditions do not 

exist. 
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QD~]STION: I~r. Stock, I am sure y o u  are aware of the project that 

the Government is workiug on for ~ Fe£oral cataloging program. If and 
w1~en suitsb!e and ezf~c~ive catalogs ere available ~°or gover~ment work 

what effect ,~ri!] ,~ have on your corn,party? 

~{R. STOCK: I personally do not kn<m, too much sbout that project. 

That would certainly be a g, igar.tic job. However, it cau be done and it 

should save industry many hours of the oroduction engineer's time. 

QUESTION: I would like, if' I may, %o ~'~sk one question on this oro- 
jeered cost ana].ysis sheet. You ha~e listed 'there, for instsmLce, Ingersoll 

Rand.. I take it, from ~hat you said, that the tool ~.zgnt be returned to 

Ingersoll-Rand after the job ~.s finished. Is that right? 

}£R. STOCK: No. That hapnens %o b~-~ a %ool that you would not pick 
up. For exar~@le, suppose .you come in w~.'th a government job. We need an 

Ingersoll-Rand tool for it. M?/ industrial ~ngineer ~'~ill note that, "We've 
got an Ingersoll-Rand in our planb." 'E~ll, bnat would .not be a tool we 

would give back to the Gov~rr~nent. That is one bhiA~j we will use over 

again in our olant. 

QUESTION: But you got some of these too].s ou a rental basis, did 

you not ? 

J. 

~. StTOCK: We. never get any small tools on a renoal basis. 1~e 

rent spot welders and some other equipment. Hov~ever, there is a national 

tendeney--I suppose you would call it -6h9.t--m~.o=cg the machine-too], manu- 
h'. l~e faoturers to remt m.aohineso At the end of . . . . .  " years the machine is 

• ~ it is ~'tve~ back. But ordinarily we do not re~ any bought outr-bht or :~- - 

small tools. 

".~ ~ro~l b.~,.~,. . ,  figures are t ; ~ _ ; c e n  incidentally, I might poi;~b out that " ~~ . . . . . . .  

an. actual nroduction - i o b  ~.n o u r  nlard;. We just nicked one up. 

QUESTION: You mentioned bhat :/ou gauge all. pieces at the machine 

before they ~:o on to the next machine° This puts the burden on the 
• "e J" -" worker to gauge, r e j  .c~, o~ ~ocept his o,~vn ::ork. It seems -5o me ~,_at 

you might possibly run into some difficulty there. Zould you mind telii~9 

us more on that? 

MR. STOCK: It does, in ~ way, put the burden on t~,.e workoro On all 
our produc'~ion lines we tr~r -%o build our fixtures in such a way that the 

piece v~on~t be accented if i-b is not right. We car.,z~ot, of course, do 
that leO percent° You saw this drawing of our ].ayoub, with the machines 

all lined up in a row. ?~ell~ if ooera~or No. 5 m~kes a m;].stak~ o:a his jc 
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we try to build our fixtures in such a way that the piece wi].l not go 
b on to ~oera~or No. 6, However, in order to let ~,ha operator know 

,,~ach _no. what he is doing, we set a gauge a'~ his ~ ~ 

He uses this gauge for checking the piece, end quality control 
also uses the gauge in checking the particular operation for statistical 

b 

centre! purposes. ?re also Bays roving ins~.ectors in the plant who 
check the part as the operat!on is performed. In our plar~ it is the 

duty of the ooerator and his group leader to make correctly the p.i.eces 

while it is the duty/ of the inspector to find out if the pieces are 

correct. For this purpose the gaugi~g is done by the Inspection Deoart- 

ment and it is i~s responsibility ~o check the gauges for accuracy and 

to maintain them in good worki~ order° 

The gauge belongs to our Inspection Department~ it does not b elor~ 

to the shop. The gauge inspector is charged with the responsibility of 

seeing that the gauge is right° But it does out some responsibility on 
the operator. You see, we pay.for only good pi~ces. If the operator 
makes them wrong, the man next to hirn~cannot do anything about it. So in 
the final analysis all lose mon~3~r. I{e usually wan~s to know that his 
piece is right--at least that is what w~ have found. That does not hold 
good entirely on our big machlne-shop jobs. I de think the general 
feeling is there, though. ~Vhere we produce one or ~wo different pierces, 

we don't have iD broken down quite so fine as that. 

QUESTION: I was quite interested in your comment regarding your 

taking a bid on an item which your company had never made before. Looking 

at i~ from the standpoint of producii:g for a possible future war, when 

there is apt to be quite a bit of it dome, rather than have you dis- 

rupt your usual type of work, wouldn't you be able to produce more of 

your own class of item rather than somethir~ brand new? 

N~. STOCK: I think that is I00 porcent right. }I~/~ever, the 

existing facilities probably are not adequate to take care of all needs. 

Somebody has to get into it eventually. 

If there should be a so(~rce of supply set up that is capable of 

producing an article and then Joe Doakes is ~old to oroduce the sarae 

article and furnish it to the original source of supply, that I think 
is out of reason. H~vever, ! know it is don<~. E-~erybody should build, 

if they can do it, what they are accustomed to building or what they 

have been trained to build. However, I think that the available outlets 

will not be Sufficient to take care of all needs. So someone else has 

to get into it. 
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The only thing that I see in opening an additional source of 

supply' is that something shot~Id b~, ~ t]iven, to the man to give him a 
general idea of what it is all abo~.~t ~...ms should be lone only in the 

interest of time and not i..n ~he-z..,~,,~r,st of an$~bhing ~Ise. 

In our qwn plant, ~-e ,viii tryto find out ho~,~r somethirg is built. 

Oh, w~; might make a mistake or two, and lose so~ money on it, but at 
least we try ~o l~arn hc~¢~ it is d-on~. For exs~ple, we will ~rrange 
for a trip to an areenal. ~e will go ther~ 'be observe a particular 

ooeration. You'd be surprised how goo~i m.en ar~; at observi~g an 
operation and then coming back and gettii~ to work on it. In th,s fi~.a! 
analysis, ~#e will do the job quieter.--and, I hope, be, tter--because ,~¢o have 

learned by seein~ someo_us e~ise do it. 

QUESTION: Mr, Stock, one of the projects being contemplated 'today 

has to do ~,~ith. ~ndustria! mobilization pla~_uingo It is what is n~v 
known as th~ Production .~lloeation Program. Would you oe in a position 

to co.~,~uent on York's attitude tm~'ard it? Has your plant been surveyed? 

~Vould you like carryi~ug out this plan in. ~mur ola~'~t? In other words, 

what do you think about the plan as a whole? 

~fR..~TOCI~: I don't kno~vo I am not in a oosition to say one way 

or the other• 

However, I ~ight say o n e  t.~ing h-~ro in this conmecvion, in our 

community we have what is called th( ~, ~'York Pla.:u~ '' where we poe]. our 

interests in order to ~e~b a ~ob done. For i~.:stauce, in 'the other war 

we "cook on the 6-inch barbette gun. ~% had th~ facilities to produce 
that right within the area, and ~ve did. We have that ~lan .instituted 

and working right within our o~0m locality. ! kn~v there is a survey 
being made on the Goverr~ent's ~nd of it; however, I p~rsonally do not 
kn~v too n~uoh about it. It has not been brought do'~ to me at all. 

QUESTION: I~r. Stock, would you say, from industry's point of 
vie~, it would be feasible, it_ implem~:~n~ing this industrial mobilization 

plan, to include during oeacetin~e the requirement that as a cart of 
its cow,bract tho r~ would bG prepared by i~dustry an analysis for any- 

thing it built for the Gover~nment? 

½R. STOCK: You want my personal view? i bow to you. ! hope that 

analysis sheets will be made. I hope we have "be make them. However, 

during the time we have no~v, there probably are not enough industrial 

engineers throughout the country to make the analysis sheets~ they are 

essential, though. I would say defin,itely that during oeacetime it sheu! 

be done aped wherever ,possible during this oeriod of mobilization through 

which we are n~v passing° J~'t~r .all~ .these things are not all going to 
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• ~- " to have to build them. Our plant 

• ~ .~urin~ the o~ner ~ r o . ~ o  ~ - - ^- We wrapoed the w n u ~  

~th analysis sheets, O lan~ ~"~{~:.--'~d it to the contractor t ~ 
",'2. - ~" .... ~ ball of wax ana ~.~ ..... .~i.~ ~now what we mad ~one. 
~nzng up ~ ..... ..... ~ future contractors wuu.~ ~L--- ...... ~t but the 
booklet form so ~,n~ ......... erhead was excluaea ~ .... 7 "'-~ ~izo of it-- 
..... ~nd of computing ~n,~ ~-.- - ^~ h~e machine aria o~.~ ~- ' 

uu~-~i~ ...... - ..... d on the job--the nam~ ,o~ ~ .... " ~,,hi]~ ~ it cost money, 

^ ~ a  n l ~  m e t h o d  o f  o p e r a ~ m o ~  ~ . . . .  ~ ] ~  a t h o u s a n d  ~ m m ~ .  

~ ~'-'u the long run, it will pay for ~ .... 
- ~ ~ ~ i noticed you had some re- 

-^-- ~ .... ur cost analys~-s su~.~ary --.~ me the capmtal cost 
 T'e . eot "Total inc:  des cost of the  

mark there ~o-,on ~ ....... :~,~ how much o~ on." ~- 
" • • -" ~-oacn." • v ~ ~  ~, .... ~read ov~r a long 
of ClnClnnazl ? r  .~; ~-~h c ntraotor. ~,~fere o~ .~ ~ -^~ or those 

chine% you cnargeu ~=~ _ O e than the capl~a~ o~ f T~.~+ h~v do 
of time? you  har e  our or .... 

machines W h e n  ~J . . . . . .  

you handle that? htaedl 

°i; ~[R, STOCK: "No. That does not go ~ n b r .at 

he capital equipment is bul~<:e(i. ~ ~ all. T different jobs, both of them running 
particular one was used on two 
simultaneously" It was simply to give our Cost Department people an 

idea of how much to charge each product just a s  when we are prorating the 

tools and fixtures. Tha'o is the .only time it goes ran. If' the Cost De- 
partment or the Engineering Department or any other department in our com- 
oa~asks for some item, to have an expla~$tio~ of it, we put it. ~h-in there. 

v "the man running, say, a ,.~3 , But our company has department, for • ess. It is terrible, how- 
man sweeping the floor as we u~ 
machine tool. That is all right for our busch • ~ i or subcontracting business. But, for our 

ever, for jobbmng ous heSS business it is all right. The machine referred to was shared between 

two different departments, as well as between-two different jobs. It 

went into one depaytment and from there into another. It was all done 
on a departmental basis. I do not know what department that referred to 

(indicating the chart) but it is the same over the entire planZ. 

QD~STiON: Referring to ~he machine-load chart, you indica'bed" or 
said that was based on a two-shift basis. Is that your normal period of 

operat ion? 
~Ro STOCK: Ordinarily, we do try to load our machines to work 16 

hours a day, two shifts. 
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qUJ~,,~TIO}~: Do you  have  a r u l e  o f  t humb as t o  t h ~  number  o f  s h i f t s  
you '~ill operate? In other words, if you had to re on a three-shift 

operation, what would you gain? ~,q%a% is the difference between a one.-, 
t~vo-~ and three-shift operation? 

~[R. STOCK: i~£ell, "~ve would certainly- lose mo]:-..ey. It is more ex- 
pensive in our plant to run three shifts th~,n i% is t~vo. Tha~ is made 

up for a lot of reasons which can be disputed. In our own plant ~ve have 

an agreement with our union, fire,s, %hm:~ a man shall not ~erk over five 

hours before he has a half-hour re~% period or a half-hour for lunch. 

Ne have to pay him for that half hour :bt' ~e work three shifts whether he 
v¢or~:s o r  r i o t .  

Then, too, we have extra supervision and " ," ~. ac z]. it ie s 'u o b a],':e into 
consideration.... ~fe calcula'be 23.5 hot~rs a day on a three-shift o~--.rat_on,~e 

not 24 hours Vfe kno-¢z we are goi:~., %.o lose that , ' 

QUESTION: It has been said .... ~e uhao ~_ ~ve set up our production lines 
on a sing:le-shift ope, ration and if ire r~,ere, to go into all-o~t production, 

we could triple production. ~{fould you care up co~.~ent on that? 

- - ~. STOCK: Production will not he tripled. If for no other reason, 

if industry runs one eight-hour shift, :~.t will be able to opera be X days 

or weeks ~.~ithout a breakdown "~'h,~reas if it runs thre~ eight-hour shifts 
per day, it can only o erst.~ ," . p . . . .  c u e - t h i r d  .,~,. d a y s  o r  w e e k s .  P red~ !~ ,~on  c e r -  
t a i n l y  will not be triplod. 

I do not have witL me the :~~ -~ .... ~.,u.r~ Tou are h~.inting for, but it could 
be o a t c u l s m e d  v e r y  q u i c k l y . ,  t n  our. -.own p_an~"] ~ -  '7.;,~ us,'.-; 2 ~ . 5  zlot  ~4 . h o u r s .  
That would be the /:'J.rst peroen~;ag9 we woul,] los~. 7f "~v~ ~,.~er~3 runn.J.ilg 

thre~; eight-hour ~h~.Its, I am not e.n authority on this but I have heard 
that the chances of rejects are hi .... " gnez on some s}'ifts than on othr~rs. 
Ho~tever, we haven't found it to oe that ~:~ay In' our p.~.~.,n,~.~ -~ '- :[ do kn<~,v the 

machine repairs will run approximately ~-"--~e-, + . ~n~ ~imes as gr~au on a three- 
shift as on a one-shift day. There is a forr.,m:la on that; however, I 

do not have it just nov.,r. We run three ~,n.~' ""+'s a day or.ly in a v~rv few 

instances. i4~e figure on !6 hours a day. ~Te use the third shift merely 
to catch un and take care of m:].nor r~~.oairs. 

QLrESTION: Do you compute productio',-z on th,9 first and soconS shifts 
at the same rate? 

MR. STOCK: The same rate; yes, sir. 

COT,0NEL SEAWAY.D: Mr. Stock, you have "~.z~dicated a little b i t  of the 

plant layout here, and the workload of soma of your machines. Hovz do the? 

tie .in to~ether? To what extent will the plant !a~7out affect production 
of a particular item? " 
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• de ends on the oroduotion of the item, that is, the 
N~. STOCK• It p "" o :this ~artSculsr item for which we 

made our load chart w e  had to make nthe load chart before we made the 
amount of pieces involved. ~v, • ~ " 

plant layout. We didn't know how many r~chines we were going, to need. 

Remember, in the first chart the rate. of production was given to us. 

If we were going to have an 80 percent efficiency, each one of these 

machines had to oroduce the oroduction in 48 hours per week. If it 
wouldn't, we would require another machine. Some of t.hese pieces are an 

identical operation on this particular., lavout o . .  ., 

We made a rough survey of the West York plant some years ago and 
determined that we spent 49 cents out of every dollar on materials handling. 

When we handle pieces, we ce~bain!y don't add amjthing to their value. It 
costs money. That was rather high. But considering the plant and the type 
of work, it is normal. I think in most olauts of this t~pe it runs from 
40 to 50 percent. In this oarticular p]~.nt here we have about 7 percent 
materials handling. This includes delivering the pieces in and out and 

handling between machines and the shipping. That all comes in materials 

handling. 

ESTION: I assume these machines require a certain amount of main- 

tenant QU. I was wondering whether y-ou run a regularly scheduled main- 
tenanoe program on them, or maintain them in the eight hours they are 

shut down and not in operation? 

N[R. STOCK: On orocessing equipmenv w~ generally kn~ it is going 

to take some maintenance. We build that right into our rate structure. 

So that if this machine, for instance, runs oftener or longer, the 
• ''e too. "~'~e give him_ an 

maintenance man on the job makes a l~.tG.~ ' bonus, 
incentive to keep his machines going. We have ~o clean out the tanks, 
scrub down the oaint. We do that in the th'=rd shift or on the off hours. 

If we have no experience, we take maybe one or two nercont. On some of 

the big machines it is a ver~ ,~ small percentage. But on a high production 

press like a fin press, that is very intricate, we go up as high as iO 
or 12 percent maintenance. That must be built into the load cha ~tso 

took I am sure we have nero of a right to 
E~WA-RD: l~r. S ~ , - ..... ~ v , this morning. 

C O L O I ~ E L  S . . . .  . . . . . . . .  ~ . . . . . .  s a t b e t  n ~  . . . .  ~ ~ o u  

lay claim to bein~ inaus%r~a]. ~-'-~.' ...... 
4- ~ l l r  

Thank you for a very i~teresting . . . . . . . .  

N~. STOCK~ Thank you, Colonel. 

(15 ~ar 1951--650)S. 
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