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Mr. Chai1·man, Mernbers of the A. S. Q. C. and Gt1ests; 

So that we might get sta·t"tcd off on the right foot and to eli..-nina,te 

the possibility of an embarrassing question later I would like to state 
l . 

that I am not going to talk to you today about our product or output of the 

Bendix Kansas City Division. We have a highly classified operation of 

about 7500 people and the only thing I can tell you about ou,r product is 

that we are under contract with the Atomic Energy Commission to pro

duce non-nuclear parts for atomic weapons systems. Now don't jump 

to conclusions and assume that we are inefficient because the secrecy 

of our job doesn't permit us to know what we are doing. 

I have been asked to talk to you today about Gage Control. Before 

we talk about it I think we ought to have an understanding of what Gage 

Control is, or at least what it means to us at the Bendix Kansas City 

Division. This will prevent any misinterpretation. Speaking of mis

interpretation reminds me of the .story the noted speaker Mr. Edward 

. McFaultold us at our last Management Club dinner. The story takes 

place in a large department store where he thought he recognized one 

of the clerks as an old acquaintance. He walked over to the lady and 

said; "Excuse me, but you look like Helen Brown11
• She gave him a 

rather indignant look and replied, 11 I know, but you ought to see me in 

blue. 11 ·we don't want to misinterpret each other here today, so let me 

give you our definition of Gage Control in this first slide and we will go 

from there. To us, 

GAGE CONTROL IS AN OPERATION WHICH 
MAKES AVAILABLE, ECONOMICALLY AND 
ON SCHEDULE, THE BEST SUITED TYPE, 
DIMENSIONALLY APPROVED GAGE WHICH 
WILL CORRECTLY CHECK A PIECE PART, 

ASSEMBLY OR END PRODUCT AND A PROGRAM 
OF FUTURE NECESSARY SURVEILLANCE 

ON THAT GAGE. 
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This definition covers a lot of territory, so let's break it down and 

put the key words into the following categories: 

1. AVAILABILITY 

2. ECONOMICALLY 

3. ON SCHEDULE 

4. BEST SUITED TYPE 

5. DIMENSIONALLY APPROVED 

6. CORRECTLY CHECK A PIECE PART 

l, 7. FUTURE NECESSARY SURVEILLANCE 

---
Now we will discuss these one at a time. 

1. AVAILABILITY 

Everyone who has anything at all to do with the gage or its associa

ted paper work helps to make the gage available -- we hope! This cycle 

begins with our production management staff requesting cost· estimates 

from our gage engineering group, for gaging to support the pruput:~t!d 

scheduled orders. After approval is given on the cost estimates it is 

our responsibility to provide the necessary equipment for the acceptance 

of the product. The type and quantity of gaging is based, of course, on 

the quantity of iterns to be produced~ If the need is for a standard 

American Gage Design item, the order is sent to the purchasing depart

ment. If the need is for a design gage we get rnore involved. A decision 

must be rnade and usually goes one of three ways: 

a. Design and build the gage at Bendix. 

b. Design the gage at Bendix and have it built by a vendor. 

c. Have a vendor design and build the gage. 

Which way it goes is determined by cost and delivery in combination with 

our present work load in our gage design group and the tool room. 
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It is also our responsibility to provide stand_ard gaging for open 

setup in lieu of design gages when the design gages will not: · 

a. Be available in sufficient time to permit meeting 

schedules. 

b. Afford satisfactory inspection coverage of the charac

teristics to be inspected. 

c. Be economical, due to limited production of the product. 

When standard gaging for open setup).s provided in lieu of design gages, 

it is our respo~sibility to provide inspection with operation instructions 

to assure that proper gaging and procedure is used on the various charac

. teristics to be checked .. After the gage is received in our inspection 

department it must be inspected for conformance to print or standards . 

. If it has discrepancies, our gage engineer must determine the proper 

course of action. 

Along the line there are many transportation groups involved to 

assure the physical move of the gage itself to the proper places. We can 

·almost say, "availability is everyone's responsibility," since it is 

necessary for everyone involved to·follow through on his phase of the 

operation. 

2. ECONOMICALLY 

With April 15th rolling around in a week or so and Uncle Sam tap

ping us on the shoulder, could there be a more appropriate time to talk 

about economy? .I don't think we should let this discourage us too much. 

This is still the land of opportunity -- where else could you borrow 

money at six percent to pay your tc:rxes? Speaking of economy, we all 

know that due to the inflationary trend over the past years, it costs more 

now to amuse a child than it did to educate his father. As we mention 

economy we think; ·of money and even though ·our stockholders know that 

money can't buy happiness, it does enable them to look for it in a lot 

more places. This being true, we must operate at a profit in order to 

stay in business. How economically we can do a job in Quality has a 

great bearing on whether or not our companies ope rate at a profit. 
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You will note that we are stressing economy in all seven of our 

categories today and therefore will not go ·into a lot of detail at this time. 

But there are a few important points I would like to make. You have all 

heard the old saying, "you have to spend money in order to make money. " 

We Quality people should know, by the same token, that we. have to "buy 

quality in order to produce quality. 11 The point we are trying to bring 

. out is this -- the quality of our gaging must be relative to the quality of 

our salable product. We can't accept an order for a product with a 

+ or - . 0001 inch tolerance and plan on a micrometer for our gaging 

element. But there is also another side to this story. Let me show you 

on thi~:~ slide an asymptotic curve representing gage tolerance versus 

cost. 
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The base line represents tolerance and the vertical line represents cost 

units." It shows the estimated cost units to produce a simple gage to 

various tolerances. The gage in this case is a steel master one inch 

oquare by four :i.nchP.s long, with the four inch dimension being the only 

one considered. Now these figures will not necessarily apply tu every 

shop, but the curve produced will be similar. You will note that if it 

c:osts one "X'! to produce the four inch dimension to a . 030 inch toler

ance, then it will cost approximately six and a half times that amount 
' to produce the same dimension to a • 001 inch tolerance. With the . 030 
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inch tolerance, we are talking about using a scale, scribe and cutoff saw. 

Tightening the tolerance to . 001 inch would utilize the same equipment 

plus a mill, grinder and a micrometer. Add to this the extra labor of 

the higher skilled variety and you can see why the cost zooms upward. 

What then is the ~ther side of the story? Simply this are we 

buying better quality than we need? . This question is not only directed 

to gage design engineers but to product engineers as well. Gage design 

has always been pretty well tied up to the 10% theory of tolerancing, but 

isn 1t it true that product design is much more flexible? Could it be that 

. many of the close tolerances on product engineering drawings today are 

the result of inadequate gaging in the past? Do the present day engineers, 

not trusting the adherence to quality specifications, cut the tolerances in 

half just to be on the safe side? These are some of the things we should 

really think about if we are economy minded. 

Now let's consider this. In today' s aircraft, rocket and SJ?ace 

industry we no longer talk about thousandths of an inch. We talk about 

tenths of thousandths and millionths of an inch. As you will note on the 

chart, when we are considering tolerances closer than . 001 of an inch, 

the curve is almost a true vertical and the. costs skyrocket. Now suppose 

we design a gage, as per the example in the chart, and decide we need 

it held to a tolerance of . 0001 inch. We send out for quotes; since 

-delivery is satisfactory to rneet the product schedule on all bids, we give 

the job to the lowest bidder. The gage comes in and an inspection re

veals the . 0001 inch tolerance dimension is out of limits by an extra 

. 0001 inch. Now the job has to be dispositioned by an engineer. In 

reviewing the job along with the associated product drawing that it was 

intended to be used with, he decides it would be OK to use as is. The 

gage goes out on the floor, works fine and creates no problem. Now, 

who is responsible for spending approximately 60% more for the . 0001 

inch tolerance dimension than what it was worth? This is money wasted! 
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Let's take another example. Say the same gage came in OK to 

print, therefore it passed inspection and immediately went- out on the 

floor, worked fine and created no problem. Would we ever know of our 

wasted economy then? How many gages do we have in our plants like 

this? Of course another thing can happen to give you false economy. Let's 

say the same gage was required, but the need for the . 0001 inch tolerance 

was absolutely imperative. The gage was bought strictly by low bid and 

was delivered on schedule, but on the last day. Inspection reveals it to be, 

out of tolerance an extra. 0001 inch, but the dispositioning engineer dis

covers that this is the best the vendor can do and that it taxed his capability 

to make it that good. The engineer is under pressure, because by now 

the product is as hot' as a firecracker. I£ he passes the gage for use on 

the floor, hoping to get by, it is very obvious here what will happen and 

the losses will probably be far beyond the original price tag. If he rejects 

the gage -- we must resort to open setup which is time consuming and 

costly. So we lose either way we go. The answer to this one, of course, 

is having an intimate knowledge of our vendor capabil~ty. 

One other point on economy which is important. Do we have the 

proper number of people to do the jub? This can be costly either on the 

&hort nr long e;nd, Ji' we do not have enough people we might rnis s onr 

schedule, which could very easily affect our future business. If we have 

too many people we probably can't meet competition on price. Do we have 

two people doing the job that one could be doing, due to the lack of proper 

equipment? 

3. ON SCHEDULE 

It would be foolish to discuss why you should have y·our product out 

the back door on schedule. All of us know that even though your quality 

is tops and the price is right, unless you IrH:H:JL y•:...•J,. 11c.hodu-le yo1.1 rtrP. not 

in business, at least not for long! 

There are many factors involved which determine wh.ether or not 

you meet this requirement. They not only involve our quality groups, but 

purchasing, engineering, production control and production departments 
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as well. Since many of these factors are covered in our other categories. 

today,· I would like to limit our discussion on this topic to one major 

item of importance. I am sure you will agree that this item has more to 

do with meeting schedule than any other factor. What is it? Human 

Relations -- our ability to deal effectively with people, to motivate them 

to the point where they will want to do all they can to assist in meeting 

the schedule. You have all heard the story about leading a horse to the 

water but not being able to make him drink. Bringing this up to modern 

times I am sure we have all seen the machine operator who appears quite 

busy, but is cutting air instead of chips, or the inspector who is devoted

ly studying a blue print with his eyes, but has his mind on a fishing trip 

a hundred miles away. What's the answer to all this? :J?,acl~ in the days 

of the horse, the non- producer was fired on the spot and replaced with 

a man we thought could do better. 

.) 

Those tactics are rapidly becoming extinct. The psychologists tell 

us that the answer today is motivation -- in other words, tapping ~the 

motivational resources inherent in human nature. Everyone seems to be 

talking of motivation and our need for it, but how much have you heard 

on just how to motivate people? 

Before we talk about 11 how' 1 to motivate, let's talk for a minute about 

"who" to motivate. Are we talking about hourly workers or salary workers 

and supervisors? You have all heard the phrase many times, relating to 

which side of the "fence" a person is on. I think it is about time that we 

tear down this so- called "fence". It's true that we have our differences 

of opinion, which is probably healthy, but why don't we sell the idea that 

all the employees of a company should have the same objective, namely: 

to make tP,e company operate successfully at a profit while still meeting 

competition. This should apply to everyone from the janitor to the general 

manager, since if the company cannot do this, neither will reap any har

vest from that company. If we can sell this idea, along with the theory that 

everyone has a job to do and should be expected to do it to the best of his 

ability, most of our problems would be solved. Therefore, we are talking 

about motivating the janitor, clerk, inspector. foreman and everyone up 

the organizational ladder. 
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Now for "how" to motivate people. I think the prime factors in 

motivating people can· be given in seven simple steps: 

a. Show a genuine and sincere jnterest in your subordinates -

trying to understand them and their problems. This does not mean 

that we waste 10 or 15 minutes with them every day talking about 

. hunting or fishing, but it does mean that if he comes in with a 

bandaged finger we inquire how his misfortune happened. Let's 

treat them as individual human beings rather than as supplements 

to a. machine. 

b. Show a contfnuing concern ±or our subordh1aLe::; auJ. an i1,tereat 

in how they are getting along. Let them. know what we think of their 

work and be sure to give a pat on the back whenever it is due. Now 

someone might say -- "this isn't always possible, I've got a man 

that can't do anything right, to me he is worthless. 11 Well,,! can't 

buy this. There is always some good in everyone, so maybe we 

just haven't found it yet. You've heard the saying, "No man is 

completely worthless -- he can always serve as a horrible example." 

Seriously, though, it is absolutely amazing what a sincere pat on 

the back or compliment will do for both of you. Let's try it! 

c. Let' a give our people a sense of personal worth, to let them 

know they are important to us and .are part of a team. We do this 

by getting their. ideas and suggestions and then taking action on 

them. In other words, we encourage participation in some of the 

decision making. Say we have a problem, maybe we are quite sure 

we already have the right answer, but let's toss it out to our sub

ordinates. You will probably end up with the same answer, but 

I'll guarantee you that if you let them think it was their idea you'll 

end up being king and the odds of selling it down the line will be 

increased many times .. 

d. Let's delegate the proper amount of respon.sibility Lu our sub

ordinates. The true worth of a supervisor is based on his ability 
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to get a job done and not how much of the job he can do himself. 

Let• s spend more time training our men for the next higher level. 

Most supervisors are ambitious people and are interested in 

moving up, but unless you prepare someone to fill your shoes you 

might be stuck. 

e. Set a good example. If you expect your people to keep up a 

certain pace then you must meet or exceed that pace. If you ex

pect your people to get to work on time, you should get there ahead 

of time. We all know that some people are like blisters -- they 

never show up until the work is done. But along this line I would 

venture to say we don't have a single soul at the Kansas City 

Division who minds going to work -- it's the long wait until quit

ting time that still bothers a few of them. 

f. Follow up. Let's always give an answer and never leave arty-

one hanging on a limb. If we don't know the answer let's admit it 

and then inform our subordinate that we will be glad to find out 

for him. 

g. Last, but by far not the least, be fair but be firm. This is 

extremely important. How many times have we heard someone say 

of a supervisor, "he's a no-good so-and-so but he has always been 

fair to me and I like him. 11 So you see if you can't be perfect, and 

none of us are, just being fair to all will wash a lot of your dirty 

laundry. 

In endeavoring to put into practice these seven steps on motivation, 

we must remember that all employees are different. Even though most 

people respond best to a democratic type of supervision, we might have 

a few that need the autocratic variety. By the same token, we could have 

a few who would be the most productive under a free-rein type of super

vision. This is one of the important jobs of the supervisor -- to determine 

what type people he has and use his good judgment in getting the job done; 

this wiU serve as an end benefit to both the employee and the company. 
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You will notice that I have not mentioned as a motivational force, the 

financial aspect or the job content of the work itself. This was not over

looked. Research on the subject has proved that these two items have 

been grossly overrated in the past. 

To sum it all up in a few words, we are· saying we need active 

leadership on the part of our supervisors, so that we may end up not 

necessarily working harder but working smarter.· If we practice all 

seven steps, what can we .expect the results to be? Naturally, better 

morale -- and along with it higher productivity, higher job satisfaction, 

less absenteeism, more loyalty, an improved teaUJ spirit, pride of 

workmanship and last but not least, an employee who will continue to 

work when the boss is absent. 

We are quite proud of p.ll our people at the Kansas City Division 

and we try to practice what we preach. Likewise we are quite proud oi 

the methods we use to attain the goals we are talking about. · We have a 

salaried employee 1 s performance appraisal program. The purpose of 

this is to develop an individual as an employee of the organization through 

face-to-face interviews, during which the employee's over-all st:r.engths 

and weaknesses are appraised. Thus his development is encouraged fur· 

his benefit as well as the company, through mutual understanding and 

guidance. 

We have a well organized supervisor training program and insist 

that eve:r.y supervisor iu uur group enroll in P.vP.ry course they offer. 

These include Management Orientation., Principles of Supervision, Job 

Training, Leadership, Communications, Wo:r.k Simplification, Decision 

Making and Conference Leadership. These eight courses really give a 

~nrr.:r.vifio:r the guinance he needs, so that he may apply the proper 

principles and methods in the everyday human relationship with people. 
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4. BEST SUITED TYPE 

How many times have you gone down through the shop and said to 

yourself, 11 I wonder why in the world they are inspecting it with they 

type of gage?. 11 In this category isn't there a lot of room for improve

ment? If you don't think so, give a product drawing to five different 

design agencies and ask them each to design a gage to check a certain 

characteristic or characteristics. You will probably end up with a wide 

variety of design, all of which will work. But what about the cost? Not 

only the original cost but the cost of the time involved for someone to use 

the gage. Sometimes I wonder if these factors are taken into considera

tion. Then again, four of the designers could come up with something 

quite similar in design, operation and price, say in the $500. to $1000. 

bracket. But the fifth designer decided that a $50. A . G. D. plug gage, 

with a simple alteration, would do the job as well. I am not inferring 

here that the other four designers are uneducated or inefficient, but 

merely that five heads are better than four and therefore we should 

always have an open exchange of ideas. I have seen hundreds of dollars 

spent on designing simple type bobber and depth gages, which could have 

been bought as catalogue items and altered to the final dimension at a 

very nominal cost. Consider also the fact that these were shelf items 

and available for immediate delivery. 

As we mentioned before, the type of gaging is going to depend a 

good deal on the quantity of production; if we have to use design gages 

let's make sure they are simple, practical and easy to use. Then let's 

make sure the associated gage and product drawings pass a compatibility 

test. 

5. DIMENSIONALLY APPROVED 

Assuming now we have the type gage best suited for the jo~, it is 

our responsibility to assure the gage is in conformance with the specifi

cations on the gage drawings or standards. To do this we need two things, 

modern men and modern equipment. You have probably all heard the old 
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definition of a modern man -- "One who wears a budget plan suit while 

driving a financed car over a mortgaged toll road with gas bought on 

a credit card. " But the modern man we are referring to is one who has 

kept abreast of the latest inspection techniques and state 'of the art. 

There is no room in business today for a man whose only reason for 

doing something a certain way is because he did it that way for five or 

ten years. All of us could use more men who would be on guard con

stantly for ways of doing a job better, quicker and cheaper. 

By the same token and just as important is your equipment. Have 

you updated your equipment lately to take care of today's closer toler

ances? Are you expecting a man to give you an accurate inspection 

report on a gage whose tolerance is + or - . 0005 inch and offering him 

a dial indicator with • 001 inch graduations or a worn out surface plate 

to work with? If we think we are saving money this way we have a lot 

to learn. Due to the tolerances of our product at the Kansas City 

Division we have been forced to buy nothing but the latest and most ac

curate equipment. We have some slides to show you which will bring out 

this point. 

Thio olide illuotrateo one of our general inspection areas showing 
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the granite surface plates, power driven rotary tables and related equip

ment. The next slide shows our radius checking gage. Although we use 

this mostly for checking tool bits with tolerances in the millionths, it 

can be used on other gages and to detect surface and edge imperfections. 

It has a dual amplification of 10, 000 and 20, 000 to 1 and is accurate in 

the order of ten millionths. 
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This slide shows one of our Moore Universal Measuring Machines. 

As to capacity, it has ll inch cross travel and 18 inch longitudinal and 

height. Considering this capacity it is extremely accurate, within 35 

millionths in any direction on positioning, within 10 millionths on 

repeatability and within five millionths on trueness of spindle rotation. 

We use these machines to a great extent in checking smaller type de

~:~ign gages and they have proved quite efficient. 
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One of our Sip Hydroptic Jig Boring and Milling machines is shown 

here on the next slide. This is a model 6A, which has a capacity of 

40 x 28 inches and is used by use solely for inspection purposes. It has 

an accuracy of the worktable and spindle head saddle of 150 millionths 

of an inch. It has a special accessory, an optical depth measuring de

vice which can be seen in the upper center of the picture. Not shown in 

the picture here but attached electronically to the tiip is an Automatic 

Repeating Device called "DIR". This is highly beneficial when you have 

more than one of a certain item to check. It utilizes electrical impulses 

stored on rotary interchangeable memory drums, each carrying 40 

magnetic tracks. This enables 40 table positions and 40 spindle head 

saddle positions, to be repeated as often as required and automatically. 

It is thus possible to repeat a number of settings, varying from 40 to 

1600 according to how many of them have a common coordinate. It has 

an accuracy of repetition within 40 millionths. Shown on the table of 

the Sip is an optical dividing table which can be easily removed. We also 
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have a model 7A Sip (for inspection use only) which is a little larger, 

having a capacity of 55 x 40 inches. 

Since we calibrate all of our own gage blocks we are forced to be 

in the gage block deburring business. This next slide is a picture of our 

new power deburring table which we recently designed and built. The 

top is covered with thick white felt. The motor drive has a variable speed 

adjustment from 0 to 200 rpm. The 4-1/2 inch diameter man-made 

"stone" can be seen in the center. This "stone" is a synthetic sapphire 

substance, composed of very fine crystals of high-purity aluminum 

oxide supported by a non-metallic vitreous bond, and is next in hard

ness to the diamond. We have serrated it in one direction, which en

ables the operator to actually feel the burr and know when it is removed. 

This eliminates the extra operation of looking for burrs with an optical 

flat. The operation is performed wet, using chlorothene, which helps 

to prevent wringing and "loading-up" of the "stone". By using this outfit 
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we have cut the deburring operation on an 88-piece set of blocks from 12 

hours to four hours. Since we have around 135 sets of blocks, this 

represents quite a saving. On many of our sets we are quite particular 

about retaining the original surface finish and we have found that this will 

even improve the quality of the surface finish on certain brand-new blocks. 

As a result, this operation has saved many blocks from rejection and has 

paid for itself in a very short time. 

The next slide shows one of our Sheffield Ferranti Measuring 

machines. It has an axis of 24 x 15 inches. The digital readout, using 

3/4-inch height illuminated numerals, can be seen at the top of the gage 

panel. The numerals indicate the measured dimension in each plane to 

the nearest . 001 inch and also show that the reading is on the high (+) or 

low (-) side of the indicated . 001 inch digit. The change point from plus 

to minus and vice versa occurs at • 0005 inch, which actually gives you 

a location to the nearest half-thousandth inch. The machine can begin 

measurement anywhere on a part or gage and can measure without the 
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use of end standards or gage blocks . Relative to the complexity and type of 

work you are checking, this can save y ou up to 80o/o over conventional surface 

plate methods. On the table you can see some of the various gaging probes 

used. We also have a 30-power optical comparator, utilizing concentric 

rings, which we can insert in the probe holder. This permits us to 

measure a part without actually touching it. 

Here's a slide of our new Sheffield Five-Axis Numerical Controlled 

Measuring machine. It isn't the type of gage one would carry around in 

his hip pocket, since the one-piece base alone weighs eight tons. The 

five axes are as follows: the vertical inner slide, the vertical outer 

slide, horizontal outer slide on the outer vertical slide, horizontal table 

slide and the rotary table. It was designed to operate automatically from 

instructions on coded tape. It will simultaneously measure and record 

internal and external dimensions, wall thickness and other geometrical 

conditions of objects such as cones, tubes, hemispheres, etc. On the 
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left in the picture you can see the Bendix Dyna- Point Numerical Control 

Unit, which translates the coded positional data on the tape into electrical 

command signals to actuate the machine servo drives. On the right is 

the automatic printout system. This is a modified Monroe commercial 

printer calculator, placed on a cabinet containing visual readout meters 

and associated circuitry to automatically print and visually display the 

inspection data. This measuring machine has a capacity of 20 inch 

height and 20 inch diameter, and is designed to be accurate at any point 

in that range within . 0001 inch and to have repeatability much closer 

than . 0001 inch. It has an increment of command of 10 millionths. We 

have an enlarged view giving you a better picture of the two gaging heads 

and the rotary table. On the table is a transparent part used for illus

tration purposes. The machine is designed to perform inspection 

operations impossible or uneconomical to attain with former methods. 

For example, a hemispherical part for which a point of inspection is 

specified a t e very two degrees latitude and every 60 degrees of longitude 
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for outside contour, inside contour and wall thickness requires a total 

of 79 5 gage readi:t?-gs, including 265 mathematical computations for wall 

thickness. The machine can complete the inspection and provide a 

printed record of all dat~ in approximately two hours. To do the same 

job with conventional inspection would require more than 125 hours. 

Next I would like to talk to you about our Dimensional Metrology 

Laboratories for a few minutes. We use the Sheffield Modulab 

Environmental Enclosure as shown here. These are purchased in the 

"knocked-down" state and are assembled on site. They can be dis

assembled and moved to another location if necessary. We have two of 

these, set side by side, one for Primary standards and one for 
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Secondary standards. Here's a schematic diagram showing the floor 
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plan, size and air locks. The upper laboratory represents Primary 

standards and within it is our interferometer room. Here is a picture 

taken in the Primary labo_ratory just after assembly. You will note the 
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return air ducts along the floor. This return air is forced upward through 

the walls to the air conditioning chamber, where 5o/o new outside air is 

added. It is then filtered, cooled to around 55 degrees and sent through 

a heat exchanger which brings it back up to 68 degrees. Then it is sent 

down through thousands of tiny holes in the ceiling, the circulation being 

constant. The relative humidity i.s held to 40o/o + or - 5o/o. 

One thing you don't see in the picture is a fire-sensing device. in 

the center of the ceiling. · It is so sensit"ive that if a person walked into 

the room with a lighted cigarette it will blast the trumpets and turn on 

the red lights. Suspended from the ceiling is the temperature sensing 

device that continuously and automatically detects minute temperature 

changes and initiates correc_tions. It is so ~ensitive that the ray from a 

small flashlight shining on it will send in a blast of cold air. In the far 

left corner you will note the temperature recording device and the next 

slide shows an enlarged view of the recorder and a chart from it. The 
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whole 12 inch diameter dial on the thermometer covers only four degrees 

and each graduation represents one-twentieth of a degree. On the right 

is an actual chart, picked at random, of 24 hours operation a very short 

time ago. I am not trying to impress you with the long hours worked by 

our salary personnel, but you will note on the chart each time a man 

entered the room from 8:00a.m. until 6:45p.m. The widest fluctua

tions show around two-tenths of a degree. We are holding our main 

laboratories to 68 degrees + or - two-tenths of a degree and the inter

ferometer room to 68 degrees + or - one-twentieth of a degree. 

This next view shows our Primary laboratory after moving in some 

of the equipment. In the left foreground the gentleman is setting up a 

Talysurf Surface Measuring Instrument. Just behind him is our Talyrond 

Roundness Measuring Instrument. To the right foreground is a Sheffield 

Unipoint Internal Diameter Gage which utilizes a single finger to inspect 

holes as small as . 020 inch diameter. Behind this, the gentleman is 

checking a rotary table, using a polygon and an auto-collimator. In the 
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center rear is a monochromatic light; to its left and partially obscured 

is our Eli Whitney Dualjet Gage Block Comparator. We have an 

individual slide of it here which better shows the ratchet-type vertical 

adjustment device for quickly raising and lowering the gage head in 

. 0005-inch increments. No locking device is required and it has a fine 

adjustment feature located in the base. This is a real time saver in 

checking a set of gage blocks. 
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In this next slide we are not trying to show the present hair styles 

of our female employees. What you can see of the instrument is our 

Cleveland Gage Block Calibrator. To the far right is the dual opposed

head comparator. In the center are the digital display indicators, which 

show the size of the gage block in millionths (+ or - from the nominal) 

in illuminated numerals. To the left is the electric typewriter which 

automatically types a calibration certificate representing what is seen 

on the digital display indicators. It will even print automatically an 

asterisk behind the calibration figures, if the gage block exceeds the 

settings of the tolerance limit meter. This is a very efficient system, 

since it not only increases the speed with which gage blocks can be 

calibrated, but eliminates many possible sources of error while reducing 

uver-all cal.i.L1·at.i.on costs. 
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This last slide in this category shows our Carl Zeiss Gage Block 
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• 

Interferometer, with the lid lifted to show some of its various components. 

You will note two gage blocks in place for comparison. The measuring 

agent in this unit is three wavelengths (red, green and blue) of the cad

mium lamp, the source of which is in the small box in the background. 

To the right is the power control unit. This interferometer will measure 

either basically or differentially and is sensitive to the extent that one 

ten-millionth of an inch can easily be detected. It has a range of four 

inches. 

As I n1entio11t:::J .i.u uur category on economy, you have to buy 

quality in order to produce and sell quality. The equipment I have just 

shown you represents quite a capital investment, but to us modern equip

ment spells ECONOMY. 
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6. CORRECTLY CHECK A PIECE PART, etc. 

Even though a gage is the best suited type and is dimensionally 

approved, this has no bearing on the fact that it might not check a part 

or assembly correctly. Many things can happen. The machine operator 

or inspector might not understand what characteristics the gage is 

supposed to check. He might not know just exactly how to use the gage. 

The gage may not accept the product, due to an interference with a 

small boss or something of this nature which might have been overlooked. 

The gage or product might not have the latest engineering change incor

porated and therefore would not match. The final proof of having a good 

gage that will do the job is an actual compatability test between the 

product and the gage. This we do. It is very similar to the compatability 

test as mentioned under the category of "Best Suited Type", except that 

was with drawings only before the gage was built. The product is pre

viously proved out on the characteristics involved, by open setup. 

Assurance must be made that prints with the latest engineering changes 

are used. 

To assist the machine operator or inspector in understanding the 

intended use and operation of the gage, we issue what is called "Gage 

Operating Instructions. " These list the purpose of the gage, how the 

gage it-> to be used and what is acceptable by using the gage. 

This whole procedure is more or less like an insurance policy, 

insuring us that everything that hrts transpired so far is OK. You can 

almost say it will work when it gets out on the floor. I say "almost", 

because you still have no assurance that it will not be accidentally 

dropped on the way out. 
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7. FUTURE NECESSARY SURVEILLANCE 

You might wonder why we use the word "necessary" here instead 

of just saying "future surveillance. 11 This is important, because the 

first thing we should ask ourselves about any job or operation is whether 

or not it is necessary to do it at all. Something we don 1t do at all doesn 1t 

cost us any money, which in turn makes us highly competitive. Therefore 

the only question left to be answered is -- by not doing it at all will it 

affect the quality of our product? If you can say 11nd 11 to this you have 

it made. Most gaging does require some form of surveillance, but this 

still leaves you with the possibility of stretching out your reinspection 

intervals -- which can be a great money saver. 

Our version of an ideal system of gage surveillance is one which 

will not let you over-inspect any gage, and at the same time will not let 

you under-inspect any gage. By over-inspection we mean simply this: 

If you inspect a gage ten times at even intervals and only find it defective 

the tenth time, then you have inspected it nine times for nothing. Most 

of this cost for the nine inspections can be considered down the drain. 

On the other hand, if we do not inspect a gage often enough and use a 

gage that is worn out of tolerance, this could very easily affect our 

over-all quahty o£ the end product. This, none oi us can afford. The 

goal we should try to attain is somewhere between a happy medium and 

the high limit. We are constantly reviewing our gages to make sure we 

have a realistic time cycle on them. The ultimate answer is arrived at 

by: review of past records showing the number of rejections in relation 

to the number of inspections, experience with similar gages in the past 

and the tolerances involved. There are many systems of gage surveil

lance in use today. Some plants use a color-coded protective coating, 

some will date their gages at the time of last inspection and others will 

use a time cycle, such as daily, weekly, or monthly. At the Kansas 

City Division we use thEf latter. 

You might be interested in what we did at the Products Aerospace 

Division in South Bend as far as gage surveillance is concerned. Our 

system there is similar to the time cycle except that we assigned what 
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is called a shift-life to each and every gage. One shift equals eight hours. 

As an example, a plain plug gage might have 50 shifts per .001 inch 

spread between the 11 go 11 and 11 no-go 11 members. A design gage might 

have 75 or 350 shifts, depending on what a study revealed. The maxi

mum shift-life of any gage is now set at 450 and in that category would 

be such items as height gages, torque wrenches, etc. Due to the vast 

number of gages at our plant there, it was found not only more accurate 

but more economical to use a shift-life for their operations, rather than 

a strictly-by-days time cycle. The reason for this is simple. Some 

departments and cribs might be only on a one shift-per-day operation 

and others two. 

To give you an idea what can be done by a survey to determine 

proper gage surveillance, I'll tell you a little story about our micrometer 

shift-life at Aerospace. At one time we thought it was necessary to 

check our micrometers every shift. · We ran a series of surveys to find 

out how often they had to be adjusted due to any reason. These surveys 

revealed that we were inspecting our micrometers much more frequently 

than necessary. We were able to gradually increase the shift-life to 15 

and since we used micrometers by the hundreds, this saved eight hours 

of work a day. This shows you what can be done to keep down the cost 

and still have good gage surveillance. 

In our program there we have over 100, 000 gages. Some of these 

gages are used for only one part; others, especially AGD gages, might 

he r:roAA-inclP.xP.d for use on a dozen different parts. Some gages might 

be used 16 hours a day and others only once every month or two on a 

service part. So you ask -- how do we know when a gage is due for 

inspection? Well, each and every gage has its own individual serial num

ber. No two gages have the same number, even though they are identical. 

An inspector or machine operator checks out a gage from the crib on 
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what is called a Gage Loan Order as shown on this slide. You will note 

BENDIX PRODUCTS DIV. 
GAGE LOAN ORDER 
IPD-1415 22-1795 

OAT! SERIAL NO. 

PART NO I OPER NO I BENCH OR MA~'! 
Pin. Plug 0 .0. Mike 1.0. Mike 

Thd. Plug Thd. Ring Thd. Snap 
- · - -· 

Pin. Ring Go 
r-· 

Pin. Ring No Mast. Ring 

Pin. Snap Reef Snap Set. Disc 

~-~.ere that we have the 12 most commonly used AGD items, such as plug 

gages, mikes, etc listed; each then requires only an 11 X" mark and the 

size. The Order has three copies; the last copy stays with the gage, the 

second copy stays in the crib (so that the attendant will always know 

where the gage is) and the original goes to the Gage Control office. 

From this stage we have had two different ways of controlling the 

gage. First, I will give you a very brief summary of the old way we did 

the job. Each individual gage had a card, such as you see in the next 
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slide, assigned to it. This card carried the gage serial number, 

SHIPTI GAOl NO, SIU 

ClL lfoMfl IlL 

NO. OUt """ 

--+---11---f-- 11-1--- -- - !- ----
- 1-1------·- 1- --
-----1------------- -- ·-
-- -~-1---l-1----1-1-1-1-----
-- ·-- -- 1------1-1- ---11---j---j--
-1- ---11---l--11- --- ---ll--t--i----11---1---1--
---1- -1.- --1-1--- --1--1·--ill- -- --

- - -- --1- -- -- ----- -- -- ---11------1-- --
---1---j-- --1----1-- -- ---- -- -- ·---11--11- --
---1- -1--- -- -- --11--i---!--
------1-·-l--1--------11---+---i--
-- ----1- ---- ------ ---lf--t---t--
--1- - -· ---------
--1---1--- -- - - -- -- --1--fl---1---t--
--+--1--- -- ·--1-- -- -- --l--fl---1---1-

description and assigned shift-life. The gage inspector in the crib would 

keep the card up-to-date relative to the clock number of the person using 

the gage, what shift number it went out on and how many shifts were 

remaining before it was due for inspection. Since we were running close 

to 4000 transactions a day, a good deal of the inspectors' time was taken 

up in paper work and keeping up these record cards. We decided to move 

all the cards to a central location and hire girl clerks to do all the posting, 

making out the due-for-inspection sheets, lost gage reports, etc. This 

took between 9 and 13 girls to do the job, depending on work load. This 
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slide shows a partial view of the posting room operation, showing the clip 

boards for the Gage Loan Orders, etc. 

Later we investigated the possibility of using electronic data 

processing to do this time-consuming job. This was quite a survey, but 

after much study it was revealed that it could be done. After the 

program was written, many trial runs made and after a certain amount 

of debugging, we felt as though we were then ready to go ahead. In 

February of 1959 we switched our entire gage surveillance program 

over to EDP machine control. Now the card, which I showed you on 

the second slide back, is obsolete. The crib attendant merely inserts 

the Gage Loan Order in the stamping machine shown on this 
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slide. The machine stamps the crib number, along with a reference 

number which tells the computer which Order to process sequentially. 

We send our stack of Gage Loa:n Orders, which the inspector or machine 

operator originally made out, to the tabulating department. This infor

mation is keypunched and then fed into the computer, which takes over 

to store, compute or change all informaton on magnetic tape. At the 

end of this line of machines is a printer, which prints out a form which 

we devised for the job. This is a combination-type form which replaces 
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many previous pieces of paperwork and is shown in the next slide. 
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It is automatically printed as a gage-call - in report, lost gage 

report, answer to an inquiry, serial number error report, etc. The 

information it contains about a gage is as follows: crib located .in, serial 

number, numeric and/or alphabetic gage description, bench number, 

department and clock number of user, shift number it went out on, date 

it went out, shift-life, remaining shift-life, date of last inspection, gage 

loan order reference number, total shifts gage has beeh used and the 

total times it has been rejected. 

ThP. wonderful part of this new system is the fact that it just does 

not seem to make any mistakes. Nature giv-es almost everyone of us five 

senses: touch, taste, sight, smell and hearing, but the other two, horse 

and common, we have to acquire. Even if we do ' acquire the latter two, 

this does not prevent us from making mistakes. I suppose the reason 

for this is because we are human. The only time I have ev-er heard of 
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our computer making a mistake is when one of us humans fed a mistake 

into it. Under certain conditions it will even print out an error card and 

tell you just where your trouble is. 

Under the old system we used eight different paper forms which 

made up 20 sheets and are shown in the next slide. Reading from left 

to right they were; the gage loan order, individual gage record card, 

call-in sheets, inspected gages sheet, gage loan order correction slip, 

overdue gage report, lost gage report and the found gage report. Now 

we have reduced it to four different forms and only nine sheets as shown 
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in this slide. These four forms are the gage loan order, gage activity 

report, inspected gages sheet and the gage control usage form. 

At the time we changed over to the new system the area required 

to house all these records and the clerical staff was about 400 square 

feet. Now all our records are stored on three reels of tape, which can 

be contained in a box much less than a foot square. Today this job is 

being done with less than 13 man-hours per day using EDP, compared 

to approximately 80 man-hours per day by the manual method. This 
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slide shows a view taken in the tabulating department with the computer 

on the left, the printer on the right, tape drives in the rear and the three 

reels of tape in the center. The next slide represents one of the display 

boards we used at a seminar, stressing the idea of higher quality and 
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lower cost. It illustrates the ''before" and "after" versions of gage 

surveillance. 

With an EDP program of surveillance such as this, you can ask 

the computer some mighty important questions, such as: "What gages 

have not been used in the past 12 months? 11 The automatically printed 

answer is given to the crib attendants, who in turn send these gages 

to surplus or inactive storage. These gages may then be withdrawn 

for use in other crib areas, eliminating the necessity of purchasing 

new gages. This also cleans out the original crib and makes room for 

new gages without having to enlarge the crib. You can also ask: "How 

many times has any group of identical gages been rejected in relation 

to how many times inspected? 11 This is very important. It might be 

the area in which you can effect your greatest savings. For an example, 

say you ask for the information on all your 1 I 4 - 28 thread plug gages; 

maybe you have 100 in use. The machine might tell you that, on an 

average, you have inspected these 15 times for each single time that 

you have rejected them. Therefore, even allowing yourself a good 

safety factor for quality, you could possibly increase your shift-life 

on these thread plugs by 10 times. · This might be an extreme example, 

but it does show you what savings c:·an be made by staying away from 

over-inspection. In a few cases it might even tell you to decrease 

your shift-life, but here your better quality of the end product will pay 

the bill eventually. All of these things would have been possible under 

the old system by doing them manually, but this would have required a 

large staff of people and would have been a year-around job. 

All of this might sound quite exciting to some of you fellows, but 

if you come from a small plant that uses only a few gages you can relax 

again. ln order to make J!;Ul:-' pay off you must have volume. The 

computer and associated equipment needed rents high. Even if you 

have 100, 000 gages the computer will run through these for you in 

approximately one hour. Now all you have to do is figure out what you 

are going to do with it the other 23 hours a day. 
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This concludes our seven categorie s of what Gag e Control means 

to us. In summary, let me say just a word about what we Quality people 

can do for our companies. It should behoove us to remember at all 

times that we are a service department and unless we give service to 

those who have a right to e x pect our service we a r e not doing our job. 

We can be economy minded and act as if the money we are spending is 

our own. We can organize our work and motivate our subordinates to 

the extent that no schedule failure will ever be our responsibility. We 

can think positive! If you've made up your mind that you can't do some

thing -- you are absolutely right! If we can do these things, I'm sure 

we will never again hear of our Quality groups being referred to as the 

"necessary evil. 11 

In closing, I can't help but think of this cartoon by Franklin Folger 

entitled 11 The Girls". The guest speaker had apparently just sat down 

and has a rather dismayed look on his face when the lady addressing her 

group says: 

THE GIRLS 

"I think today's speaker rlcscrw s " ,·o tP. of thanks 
for givi ng us this !ree lecture, because the money we 

saved today will help u• I':Pt better speakers next 
year!" 




