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DESIGN of the 

ROYAL PORTABLE 

HE typewriter has made modern business 
speed possible. As early as 1714 crude type- 

writers were first made, but it was not until 1873 

that attempts were made to manufacture the 

machines. Fifty-seven years of this manufactur- 
ing has freed the business man from pen slavery, 
and the gains to business have been incalculable. 

Production of a modern typewriter, with its 
several thousand operations to make it complete, 
embraces twenty distinct trades in its manufacture. 
Accuracy of the highest order is required because 

of the necessity of providing the customer with a 
machine as small as possible and yet capable of 
giving perfectly aligned and uniform writing. 
Durability is also an essential in order to maintain 

this accuracy over a long period of time. This 
production at a commercial price is possible only 

through designs that take advantage of the pro- 
duction facilities of well-designed high-grade tools 
and special machinery. 

The typewriter industry in America is now a 
potent factor in the success and progress of the 

United States; in fact, business throughout the 

world is dependent upon its use. This fact has 
been recognized by the engineering staff of the 
Royal company in designing and producing a new 

typewriter that the company can offer to the mar- 
ket as meeting its requirements and progressing 
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with it. The development of the new portable 
was a thorough and searching engineering job 

with the idea of producing a machine that would 
incorporate the features found to be desirable by 
the sales staff. At the same time the machine had 
to be capable of factory production, using the best 
grades of materials, at a cost to meet the stipu- 
lated price in the particular fields of adaptation. 
But it has also been recognized that there is no 

standing still in its development. As fast as ideas 
are worked out and found to be practical, they 
are put into our product immediately, and so con- 
tinual changes are noted monthly. 

The universal use of the typewriter today 
causes our organization policy to be one of class- 
ing ourselves as servants of the public. It be- 
hooves the engineers, the factory workers, the 
sales and executive workers to see that the user 
gets a product representing every dollar he has 
invested in it. Quality commands attention, con- 
sideration, respect, and confidence. That is our 

pledge and what we are working for. It is a 

pleasure to record here how the engineering and 
production staffs have built this pledge into the 
Royal portable. ak natik 

Vice-President and General Manager, 
Royal Typewriter Company 
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FOR PRODUCTION 
in a medium-price market 
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HE DESIGN of the portable “column mask type” 
Royal typewriter originated in a sales demand; in 
fact, the design was presented as a factory problem 

by one of the executives who sensed a definite trend in 
the market. The company had been manufacturing with 
success a portable typewriter for several years; but on 
consideration based on anticipated market needs, it was 
determined to bring out a model that would have appear- 
ance as an outstanding characteristic. This exterior 
beauty was in addition to many special operating fea- 
tures and demonstrated durability. 

Primarily, portable typewriters had been made for 
sale to travelers, but if attractiveness could be incor- 
porated to a degree where they would be accepted as 
fitting in with household furniture, a very large market 
would be opened up because of their popular price. 
Going farther into the analysis, if this home typewriter, 
with its light weight and improved, artistic appearance, 
in many beautiful combinations of colors, could be made 
as durable and nearly as efficient to operate as the 
heavy office typewriter, and the selling price could still 
be kept down to approximately the same as the old 
portable, there should be an expansion in the market to 
place these small and convenient machines into many 
executive offices as an extra convenience. 

The matter of sales and cost price was involved in all 
of the design planning. The standard market price of 
sixty dollars could not be raised for a home typewriter, 
and for the “extra” office typewriter this lower price 
was desirable. But the net profit in such a sales price 
was naturally less than it was for the $102.50 heavy 
machine, in the face of which fact it was important from 
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a sales point of view to redesign the portable to make 
its working mechanisms as nearly identical as possible 
with the large office model. High production to reduce 
unit costs was therefore a necessary factor to consider 
in the design. 

Around these major sales arguments a new portable 
model was built in the experimental model department 
at the Hartford plant. Into it went the experience of 
the users, the sales executives and the engineering staff, 
and the manufacturing advice of the manufacturing 
department foremen. The fundamentals considered in 
standard typewriters were carried into this new machine 
rather than the substitute mechanisms of the old 
portables. The aim of the designers was to produce a 
miniature commercial typewriter, lighter in weight and 
of highly attractive appearance, but with keyboard, type 
mechanism, and operating accessories so nearly identical 
in action that a typist could change to it from a standard 
machine without inconvenience. Several preliminary 
model machines were submitted for criticism to the 
president, patent and experimental department, sales and 
advertising executives of the company in New York. 
Out of this criticism was evolved the approved model 
which weighs 94 Ib. as compared with 314 lb. for the 
standard machine. 

The essential mechanisms of a typewriter are the 
escapement, typebar, and the carriage movements. In 
the former the problem was to approximate in the given 
space allowance the “touch” of the larger machine. How 
this was accomplished is shown graphically in an accom- 
panying illustration. The tipping of the typebar segment 
permits approximately the same angular acceleration of 
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Sensing a market possibility, a design 
was called for that would adapt the so- 
called “portable” typewriter to home 

use, and also fit it as an extra conven- 

sent machine for the office. Cost of 
production was a vital factor, since the 
price was fixed. The new design boosted 

sales sixty per cent in a short time. 
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the type as on the large machine, and this is now an 
essential of the modern portable, although the older 
portables had vertical segments. The segment is a high- 
grade iron casting with accurately cut slots and with 
each typebar ground into its respective slot. It will be 
noted that each of the 42 typebars has a different angle, 
and that each key link has a different length and angle 
of hook. 

The layout of the keyboard was likewise made as 
nearly equivalent as possible to that of the large machine. 
This meant that the distance apart of the keys must be 
the same, the down movement of the keys must be equal, 
and the tripping forces necessary for movement of the 
carriage and ribbon spools must be about the same. To 
co-ordinate all of these with new mechanisms in the lim- 
ited spaces was a matter of trial and error rather than 
calculated design. In the finished model a point was 
arrived at in the approximations where test operators 
could be switched from the small machine to the large 
and vice versa with little inconvenience to them or 
perceptible reduction in their speed of operation. 

HE carriage rails in the large machine are relatively 
heavy steel forgings, hardened and ground. In the 

small machine the space limitations necessitated the use 
of sheet steel. In various views the cross-section of the 
steel rails is shown. The steel is a hard rolled bending 
steel, and the one-piece section gives sufficient rigidity to 
the whole. Instead of the customary V-shaped raceway 
for the balls on which the carriage runs, the sheet-steel 

TYPEWRITER with mask removed. 

No dependence for rigidity is placed 

on the mask, which can be changed 

to give another color 
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rail has rack teeth punched and rolled in the bottoms of 
the two Vees. In these racks, gears run and carry the 
balls in definite, required positions with the carriage 
movements. The width of the race and drum did not 
permit the use of tape for drawing the carriage, and after 
many tests a high-grade linen fishline was adopted for 
this purpose. 

Since weight saving was an important consideration, 
and no weighting could be put into the frame of the 
machine to hold it to the desk in operation, it was neces- 
sary to bring the center of gravity down to a point near 
the base td prevent tipping and rattling. This was accom- 
plished in the design of typebar shapes, and in the loca- 
tion of springs, links, and accessory mechanisms. In 

TYPEBAR movement, showing care- 

fully studied acceleration to make it 

as easily operated as the large machine 

addition, bouncing of the machine was prevented by the 
provision of rubber suction feet to the legs. The old 
round-type of feet was abandoned in favor of square 
feet that would give more bearing surface and would 
have a better appearance with the modern square lines of 
machine. 

Ingenuity, rather than practical calculated design, is 
a necessity for the designer of this class of small compli- 
cated machine. Space limitations bind the ideas of the 
designer on all sides, so that when the essential funda- 
mental mechanisms are put into position with sufficient 
size of parts to insure durability under severe service, 
he must design the remaining parts to fit into the inter- 
vening spaces. Design considerations, therefore, made 

the use of sheet-metal parts a neces- 
sity, and likewise made it necessary to 
design special screws, pins, and 
springs. In one respect the use of 
sheet metal is an advantage since it 
makes possible economical production 
in large quantities, but in the use of 
sheet metal the designer must see that 
the parts are of such durable and rigid 
proportions that their effect on the fin- 
ished machine will not be “tinny” or 
cheap. In the large machine beveled 
plate glass “windows” were used in 
the sides for appearance, but they 
were not included in the small model. 

Electric spot welding was adopted 
throughout in the building up of 
sheet-metal units in the new portable. 



SHEET steel and pressed metal parts are 

characteristic of the portable as 

and key- 

Spot welding is used 

new 

shown in the carriage assembly 
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Space limitations make the highest 

grades of materials a necessity for 

a long functioning life 

It added greater rigidity to these units, and at the same 
time reduced the number of riveted and screwed parts. 
In the assembling of brackets or ears that required accu- 
rate location, dowel pins were eliminated by partly 
punching through two round holes and then locating 
these in pierced holes in the other part. The two parts 
could thus be spot welded together accurately with 
greater strength than by assembling with screws. 

The factor of quiet operation was given prime atten- 
tion. Noise elimination was begun with attention to 
accuracy in the fitted parts, and bearings were hard- 
ened in order to prevent noise arising from uneven wear. 
The proper arrangement of the mechanisms, fit of the 
links, and balance of springs also aided in reducing the 
likelihood of operation noises. (Complete inclosure of 
the machine tended to quiet operation, afforded dust- 
proof protection, and allowed greater possibilities in 
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beautifying design. In the detection of noises expert 
“listeners” made repeated tests of the model machines. 
Much of the “trial and error” method was also required 
in this work, because of the fact that the. elimination of 
one noise frequently exposed others, or the change in 
one part to eliminate a noise might cause a noise to be 
produced in others. Finally, very much of the noise of 
the slap of the type on the paper was eliminated by 
calling for a high-quality double rubber cylinder. f 

In the designing of parts for the mechanisms employed 
in a typewriter practically no mathematical calculations 
are possible, such as are required in heavy machine 
design. The mechanisms and the built-up units are 
actually indeterminate structures on which tests under i 
service conditions are the most effective means of obtain- 
ing data on the life and functioning. The parts on a 
typewriter are small, and 
models were made up full 
size and tested thoroughly 
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during the estimated normal life of the machine. , The 
experience with the standard heavy machine was, of 
course, of inestimable value, and numbers of old machines 
were brought in from the field and taken apart to ascer- 
tain the effect of wear on certain parts. 

When it is considered that the new portable was 
reduced in weight approximately 60 per cent as com- 
pared with the standard commercial model typewriter, 
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the design problems involved can well be visualized. All 
parts had to be as light as consistent with proper func- 
tioning and wear. The highest grades of rolled steel 
were, therefore, called for in the sheet-metal parts, and a 

first quality of screw stock was specified for screws. 
Pivot pins are of higher carbon steel. Heat-treating and 
hardening were specified for all functioning steel parts 
identically as in the larger machine. More than the 
ordinaray amount of brass parts were specified wherever 
strength allowances permitted because of the corrosion 
resistance. The greater ease of machining the brass 
made it possible to use this more expensive metal with- 
out increasing costs. Space bars of molded phenol 
plastics are used, and pressed glass keys were called for 
on some highly finished models. The cylinder knobs 
are of a special molded composition. 

y Practically all parts in 
— Fy ===" the portable typewriter are 

i special because of limited 
space allowances and also 
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CYLINDER spacing ratchet and re- 

lease. Springs are of high-carbon 

steel designed to meet accelerated 

service tests 

because the thin sheet metal employed made it necessary 
to use very fine threads on the screws. However, it was 
possible in working between the two machines to make 
company standards for such parts as pins, screws, and 
rivets and also to standardize within the new portable 
itself so that cost advantages of high production in the 
shop could be gained. 

N the finish of the machine it was determined to offer 
the public practically any color choice. This could be 

done with the modern spraying lacquers whereas it would 
have been impossible from a production standpoint in 
the older types of baking enamels. The modern lacquers 
give a 24-hour control of production over a wide range 
of colors without tying up stock or impeding prompt 
delivery. The parts are Bonderized or given a rust- 
resisting treatment before the application of the lacquer 
in order to give added rust resistance. The black type- 
writers are still made in baked enamels. In addition, a 
chromium-plated model is available. It was also consid- 
ered that because of style changes in colors the pur- 
chaser of a machine could be offered a change in color 
at any time during the life of the machine by making 
the shell or mask of the machine independent of the 
functioning parts and independent of any requirement of 
stability in the machine. The design, therefore, called 
for a complete machine that would function perfectly 
and be self-contained within the outer shell cover or 
mask. The shell of built-up welded sheet steel was 
designed with fastening points at the feet of the machine. 
This mask can be disassembled and changed in a few 
minutes. In order to accomplish this all of the adjust- 
ment features such as color shifts and ribbon reverses 
were brought to more convenient locations on the front 
panel of the machine. The change in these features 
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necessitated redesign of the ribbon and feed mechanisms. 
The provision of an independent shell had the added 
advantage that it eliminated all unsightly fastening 
screws from the sides and outer frame of the machine. 
To give the appearance of reduced height, square col- 
umns were incorporated in the shell at the corners, and 
the horizontal line of the rear of the machine was 
extended in a line across the sides. 

In considering the extension of the market for a home 
typewriter it was felt that many people would not use a 
typewriter to produce ordinary social correspondence if 
the latter had the appearance of being written on a com- 
mercial machine. The designer, therefore, set out to 
design a type face that would be considered as distinc- 
tive for home use. The type face thus evolved was 
given the name of Vogue and was incorporated as a 

design feature of 
——. the new portable. 
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portable, the 

i identical t y pes 
used in the large 
commercial ma- 

_ Carriage, chine are em- 
ployed. 

} > 

a205” 

0320 0300% 7 

a 

-R END VIEW of car- 
riage raceway. The 

hardened steel balls 

are equispaced 

along the race. The 

draw cord is a linen 

fishline 

Carriage feed 
spring barrel- 

Draw cord 

All of the acknowledged requisites of the standard 
commercial typewriter were incorporated into this port- 
able, including a four-bank keyboard, a wide 94-in. writ- 
ing line, two-color ribbon control with automatic reverse 
and ribbon cut-out for stencil cutting, and a card holder. 
The changes for appearance led to the adoption of a 
complete metal cover for the ribbon spools, which in 
addition to adding to the compact appearance of the ma- 
chine serves to keep out dust. All printing was elimi- 
nated from the front of the machine except a small 
stamped nickel-plated nameplate on the paper table. Ap- 
proximately 80 per cent of the portables are now made in 
color, with 20 per cent in green, and the remainder largely 
red, blue, mahogany, ivory, and duotones. The present 
favor of green as a color for portables may change, of 
course, at any time, depending upon changes of office 
and house furnishing or in the colors in style for interior 
decoration. 

The carrying case, which is a requisite for the type- 
writer that is literally “portable,” was redesigned to con- 
form to the new requirements of appearance. Its lines 
were layed out to make the whole appear as small as 
possible. Solid brass fittings were incorporated, and 
imitation leather was put on the box to conform as near 
as possible to a high-grade piece of luggage. 

vv 
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Books for Engineers 

THE PRINCIPLES OF IRON FOUNDING. 
By Richard Moldenke. Six hundred fifty-four 
pages, 6x94 in. Cloth board covers. Indexed. 
Published by the McGraw-Hill Book Company, Inc., 
370 Seventh Ave., New York, N. Y. Price $6. 

THIS is a thorough revision of a book that has become 
a standard in the industry. Since the first edition was 
published, the advent of high-test irons and advances in 
the science of iron founding have made necessary this 
revision. The author is widely known in America and 
Europe as an expert on cast iron and on foundry ques- 
tions and the book reflects his knowledge of the field. 

Beginning with an interesting history of the iron in- 
dustry, the chapters take up iron metallurgy, iron-making 
processes, properties of cast iron, classification of cast- 
ings, foundry raw materials, and melting processes. 
Numerous tables and illustrations are supplied. 

Catcutus. By Egbert J. Miles, associate professor of 
mathematics, Yale University, and James S. Mikesh, 
master in mathematics in the Lawrenceville School. 
Six hundred thirty-three, 6x9-in. pages, cloth board 
covers. Published by the McGraw-Hill Book Com- 
pany, 370 Seventh Ave., New York, N. Y. $3.75. 

THE LINE of reasoning involved in calculus is seem- 
ingly quite different from that followed in algebra. Many 
students in stepping from the lower branches of mathe- 
matics into the realm of calculus, are completely lost. 
The authors of this book have provided for this difficulty 
by making a gradual transition from algebra into calculus. 
Only algebraic expressions are dealt with in the first six- 
teen chapters. The idea of the significance of the rate 
of change is clearly set forth. An unusual amount of 
space is devoted to detailed explanations, illustrative ex- 
amples, and the practical applications of the subject. 

S.A.E. Hanpsoox, 1930 Epition . Six hundred 
forty-two pages, 44x74 in. Flexible covers. In- 
dexed. Published by the Society of Automotive 
Engineers, Inc., 29 West 39th St., N. Y. Price $5. 

ABOUT 50 additional pages, comprising chiefly new 
standards adopted by the Society of Automotive Engi- 
neers since the 1929 edition of its handbook was pre- 
pared, are contained in the 1930 edition of this useful 
volume. Although the standards are primarily automo- 
tive in character, they deal with many materials and parts 
used extensively in other industries. A few of the stand- 
ards relate to production items, such as taps, cutters, 
gages, grinding wheels, and drills, but the majority are 
classified under the following headings : aeronautic, power 
plant (automotive), transmission, electrical, parts, screw 
threads, tires and wheels, chassis and body, marine, steels 
and materials, nomenclature and miscellaneous. The 
book will prove useful in practically any mechanical en- 
gineering, drafting, or specification department where 
up-to-date information on standards is needed. 

— 
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Progress in 

MATERIALS 
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as seen at the A.S.T.M. meeting 

BOUT 52 per cent of the weight of a modern 
A air-cooled engine is made up of steel, 45 per 

cent of aluminum, and 3 per cent brass and bronze, 
according to R. R. Moore, chief metallurgist, Wright 
Aeronautical Corporation, who delivered a paper on the 
subject of materials in aircraft engines at the annual 
meeting of the A.S.T.M. held in Atlantic City, N. J., 
June 23 to 27. Since reliability must be considered in 
all matters pertaining to lightness, the aircraft engine 
designer has to be constantly alert to the right choice 
of materials. The aluminum alloy used in the most 
highly stressed light parts is one containing about 94 
per cent aluminum, 4.5 per cent copper, and 0.85 silicon. 
In some radial engines the main crankcase is forged 
from an alloy containing 98.5 per cent of aluminum and 
0.90 silicon, and then heat-treated. Forgings as a rule, 
are more expensive than castings. 

Bronze in aircraft engines is used for bearings, and 
spiral and worm gears. Brass is used for plugs, fittings, 
and caps. Bearing bronze may be the 80-10-10 class, 
but one bronze specified contains 88 per cent copper, 10 
tin, and 2 per cent of zinc. The phosphor bronze for 
gears contains 89 per cent copper and 11 tin. 

A wide variety of steels is employed in aircraft en- 
gines, most of which have nickel and chromium, and 
some vanadium. High-chromium silicon steel, and cobalt- 
chromium steels, are used for valves. The S.A.E. steels 
Nos. 3140 and 3335 are the most widely used in engines. 

According to J. B. Johnson, chief of the Material 
Section of the Air Corps, the aircraft industry has 
adopted nearly all its ferrous metal specifications from 
those established for other types of automotive vehicles. 
In only one place is cast iron used, that is in the tail skid 
shoe. Cast steel is used for a few fittings on the landing 
gear and tail skid. It is a medium-carbon steel with good 
welding qualities. In ordering steels for airplane work 
bars are specified hot rolled and annealed, or annealed 
with a bright finish obtained by cold rolling or drawing. 
There is extensive use made in airplane construction of 
rolled sheet steel. The sheets are of carbon steel of 
50,000 Ib. per sq.in. tensile strength or of chromium- 
molybdenum, with a minimum of 80,000 Ib. per sq.in. 
tensile strength. Chromium-molybdenum steel is also 
used for the seamless cold-drawn tubes. This tubing 
can be drawn to a wall thickness of 0.020 in., or even 
less. Some hard-drawn wires used for tension members 
are made of corrosion-resistant chromium-nickel steel 
having a tensile strength of 200,000 Ib. per sq. inch. 

An excellent digest of the characteristics of the woods 
used in aircraft construction was given in a paper by 
G. W. Trayer, senior engineer, Forest Products Labora- 
tory, U. S. Department of Agriculture. Spruce still re- 
mains the most important aircraft wood. It combines 
the qualities of lightness, great strength, and stiffness 

per unit weight. It dries well, and is easy to work and 
to glue. It is very desirable for highly stressed parts 
such as wing beams, where great strength and stiffness 
are required, and where the parts are to be steam bent, as 
in common practice. Balsa wood is employed for cabin 
work where extreme lightness is desired. Birch, beech, 
and maple are used where a uniform texture, and resis- 
tance to wear are needed. Yellow birch is used for high- 
speed propellers. Mahogany, black cherry, and walnut 
are also used for propellers. „In joining wooden aircraft 
members it is claimed that a plain scarf glued joint will 
give over 90 per cent efficiency in tension, compression, 
or bending. 

Corrosion resistance is highly important in aircraft 
construction, and the paper by H. S. Rawdon, chief, 
Division of Metallurgy, U. S. Bureau of Standards, gave 
a review of what is being done to prevent corrosion in 
present day aircraft design. Another paper that gave 
valuable data on this subject was the one by H. A. Gard- 
ner, director, Institute of Paint and Varnish Research, on 
“Notes on Aircraft Finishes.” All steel structural air- 
craft parts are plated either with cadmium or zinc, which 
is followed by an iron-oxide primer and a lacquer of some 
kind. For protecting the inside surfaces of tubular steel 
members, they are filled with hot raw linseed oil, and 
after draining are sealed. Control cables and wires are 
tinned. Improvements have been made recently over the 
government specifications for varnishes for aircraft, and 
the modern tung oil varnishes containing synthetic resins 
are more durable than the previous types. 
fe 

ESEARCH investigations are being made on welded 
structures, and data assembled so that intelligent 

design can be incorporated into welded parts. The paper 
on “Fatigue Tests of Fillet Welds,” presented by R. E. 
Peterson and C. H. Jennings, of the Westinghouse Re- 
search Laboratories covers data on the effects of machin- 
ing, spacing, and size of weld for fillets. Size of weld 
is important, and it was noted that where a large fillet 
was tested the failure occurred at the base of the weld, 
while in the case of a small amount of weld metal the 
failure occurred through the weld. 

The benefits derived from the use of the new medium- 
manganese steels were set forth in a very comprehensive 
paper by E. E. Thum, associate editor, The Iron Age. 
It is shown that air-hardening effects of manganese do 
not cause trouble if the manganese is less than 1.8 per 
cent in a 0.20 carbon steel, or less than 1.4 per cent in a 
0.35 carbon steel. In general, medium-manganese steels 
have a wide variety of uses for highly stressed parts or 
shock-resisting castings. The British are usiñg steel tubing 
with 1.50 per cent of manganese 
for aircraft construction instead 
of chrome - molybdenum steel. 

qd4 
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Distributors for 

COIL WINDING 

By D. C. ROBSON 
Western Electric Company, Ine. 

S STATED in the previous article, the purpose of 
practically all distributors is to guide wire, tape, 
or other flexible material onto a take-up spool 

or reel in such a manner that the material will be wound 
on the reel in even layers. In the previous article the 
requirements for good distribution were also set forth, 
and examples were given showing how these require- 
ments have been met in the design of various types of 
distributors. The designs of distributors set forth in 
this article are for the most part variations of the types 
illustrated in the previous article. 

p 
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„Reciprocating 
, bar 

OT TTT TT Th Fig. 1. A simple distributor is shown in this figure. A 
heart- shaped cam is driven by means of worm and spur 
gears from the take-up spindle and reciprocates a bar by 
means of two rollers attached to the latter. A rocking lever, 
which is connected to the reciprocating bar, moves the 
distributor fingers across the face of the spool. The use of 
this particular type of rocking lever makes it unnecessary anny 
to correct the cam for the angularity of the lever. An Reversing 
ordinary untiorm motion cam may be used. 

Fig. 2. This distributor consists of a right- and left-hand Spring -~.. 
screw, driven in one direction only. There is one right-hand 
and one left-hand nut, both nuts having threads with helix 
angles of about 45 deg., assembled with a distributing 
member, and a locking mechanism so arranged that it can 
hold either nut, but not both, from turning. The direction 
of the distributor travel is determined by the nut held by 
the lock, the other nut rotating freely with the screw. At 
the end of the stroke the locking mechanism disengages one 
nut and engages the other, thus reversing the motion. 

Plunger-~._ 

Fig. 3. In the distributor shown in this figure, the screw Guide rod ~ 
is held from turning and is reciprocated along its axis by 
means of a rotating nut. Keyed to the outside of the nut Fig.2 
is a sliding jaw clutch so arranged that it can be brought 
into engagement with either of the two small bevel gears. 
As these gears are driven in opposite directions by the large 
central gear, the direction of rotation of the nut, and hence 
the direction of travel of the screw, can be changed by shift- 
ing from one gear to the other. When the screw has reached 
the end of the stroke, it engages a collar on the clutch shifter 
rod and moves the latter forward, thus moving the clutch 
lever past the latch shown. The force of the spring behind 
the latch causes the latter to shift the clutch over from one 
of the small bevel gears to the other, thereby changing the 
direction of the rotation of the nut and the travel of the 
distributor screw. 

This type of distributor, in common with all devices mak- 
ing use of a load and fire mechanism, sometimes stops in a 
neutral position. That is, the jaw sleeve is moved to a 
point midway between the two small bevel gears, where it 
is out of engagement with both of them. In such cases it 
is necessary to move the shift lever over by hand before the 
distributor will resume operation. 
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Fig. 4. This illustration shows a distributor that is similar 
to the one just described except that the clutch jaw teeth 
are replaced by pins, and as the clutch is shifted from one 
bevel gear to the other, the pins fall into holes in the bevel 
gears. The direction of the rotation of the screw is then in 
the same direction as that of the bevel gear engaged by the 
clutch. Mounted on the vertical screw is a slide which 
carries the distributor arms. At the ends of the stroke, the 
lug mounted on the slide compresses a spring on the shift 
bar, after which it causes the latter to raise or lower a 
lever, which pushes a latch out of engagement. The releas- 
ing of the latch permits the energy stored in the spring to 
shift the clutch, thereby reversing the motion of the screw 
and slide. In this mechanism the slide is guided by the 
machine frame, and a counterweight is used to balance the 
slide and arms. Therefore, there is no drag on the distributor 
screw or shift bar. 

In forcing the sliding clutch across from one bevel gear 
to the other, the force of the smiing must not be dissipated 
before the sleeve has passed through the neutral position, 
otherwise the mechanism will be stopped in its neutral posi- 
tion. It might be well to mention that the success of any 
sliding clutch type of distributor depends largely upon a 
thorough lubrication of the surfaces between the nut and 
the clutch sleeve. 

Fig. 5. This is a distributor of compact design. The 
shifting of the jaw clutch sleeve is accomplished by the 
expansion of two internal spring-mounted cams. A non- 
rotating nut travels the length of a revolving screw. When 
the nut reaches the end of the stroke it comes in contact 
with a stop on the shift bar. The forward action of the 
shift bar brings the cams close together until the apex of 
each of the latter has passed over the internal V-shape tooth 
in the jaw clutch sleeve. The spring will then expand, 
forcing the cams outward, with the result that the clutch 
is moved across from one bevel gear to the other, thereby 
reversing the rotation of the revolving screw. Note that 
the cam action is balanced so that the clutch may move 
more freely. 

Fig. 6. A combined mechanical and electrical distributor 
is shown in this illustration. In addition to the usual revers- 
ing mechanism consisting of a sliding jaw clutch imposed 
between two bevel gears, an ingenious means for varying 
the pitch of distribution is provided. A worm, keyed to the 
clutch shaft, drives a worm gear, and through a train of 
spur gears, a rack which slides on the casing of the gear 
train. This casing may be adjusted about an axis coincidmg 
with that of the worm gear, the adjustment being secured bv 
means of the hand screw shown at the right. The rack trans- 
mits its motion to the distributor fingers through a shoe which 
is free to move vertically in a slide provided in the distrib- 
uting member. It is evident that if the casing be adjusted 
so that the motion of the rack is horizontal, then the motion 
of the distributing member will correspond to that of the 
rack. However, if the casing is set so that the motion of 
the rack makes an angle with the horizontal, as shown, then 
the distributor will move at a slower rate proportional to 
that of the rack. At the end of the distributor stroke an 
electric circuit is closed, energizing a solenoid which, in 
turn. throws the slide of the jaw clutch across from one bevel 
gear to the other. 

It is not alwavs necessarv to distribute wire with a con- 
stant motion. The two mechanisms that follow are operated 
by intermittent motions. 

Fig. 7. In the distributor shown in this illustration, a 
ring cam ratchet wheel is driven through an actuating pawl 
from a revolving crank wheel, reciprocating levers which 
in turn move the distributor arms with the distributor fingers 
across the face of the spools. The cam rollers are held in 
contact with the cam by connecting the roller levers with a 
steel cable. 

Fig. 8. In this device a toothed wheel is driven by means 

of a ratchet which is oscillated by a crank. Keyed to the 

ratchet wheel is a screw with threads cut in only one direc- 
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tion. Mounted on the screw is a nut which carries the 
distributor sheave. At the end of its stroke it comes in 
contact with an adjustable stop. This stops the travel of 
the nut but allows the screw to turn out of the nut, thereby 
forcing the top shift pin out of the notch on the screw shaft 
und permitting the lower pin to slip into engagement with 
the notch. The shifting of the pin causes the hump on the 
flat spring to move from one side of the ratchet center line 
to the other side. Thus a backward motion will be imparted 
to the ratchet wheel, thereby reversing the motion of the 
distributor nut, 

Fig. 9. An electrical distributor is shown here. ‘This 
device consists of a power driven endless belt and two 
electro-magnets mounted on a slide. A movable armature, 
situated between the pole faces of the magnets, is so arranged 
that when it is drawn to the upper magnet it will clamp the 
upper part of the endless belt, and when it is drawn to the 
lower magnet it will clamp the lower part of the endless 
belt. Normally, both magnets are energized. Under such 
conditions, the armature will remain in whichever position 
it is placed, either upper or lower. Assuming that it is 
clamping the upper part of the belt, the slide will then be 
moved to the right with the result that the distributor fingers 
are moved to the left. At the end of the stroke, the circuit 

supplying the current to the upper magnet will be momen- 
tarily broken by means of a suitable contact switch. The 
lower magnet, still being energized, will draw the armature 
to the lower side where it will remain, even after the upper 
magnet is again energized, until the circuit connected to the 
lower magnet is broken at the other end of the stroke. 

Fig. 10. Not all designs of coil winding distributors call 
for distribution along a straight line. The mechanism shown 
in this figure is used to distribute wire that is being wound 
on a toroidal coil. 

\ coil is placed in the clamp shown at the left, in such a 
manner that the center of the coil is in line with the vertical 
shaft or pivot about which the clamp turns. The ring and 
shuttle mechanism, by means of which wire is wound on the 
coil, rotate on one plane only. The coil, on the other hand, 
turns with the clamp about the pivot of the latter, thus dis- 
tributing the wire around the coil. The clamp oscillates 
through one quarter or one half a revolution, depending upon 
how the shift levers are set. If the center lever is in the 
operating position as shown, one quarter of the coil will be 
wound; otherwise one half. 

Che reversal of the distributing motion is accomplished by 
the shift levers coming into contact with an actuating lever, 
which in turn rotates a set of spring loaded cams. The action 
of these cams may be understood by referring to the insert 
at the lower right hand corner of the plate. In the position 
shown, the cams are being moved toward the right, and as 
the motion continues the spring loaded upper cam will be 
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forced up by the clutch lever, the latter being held in position 
by the central portion “B.” After the left end of this central 
portion has been moved past the clutch lever, the upper cam 
will give the lever a quick kick in a downward direction, thus 
throwing the clutch across from one bevel gear to the other 

As mentioned in the concluding paragraph of the pre- 
vious article, the speed of the wire or tape and the 
length of the take-up spool are two of the principal fac- 
tors which enter into the selection of the type of distrib- 
utor to be used. Few definite rules can be laid down 
However, the mechanisms described in these two articles 
present the fundamental types of distributors available. 
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Relation of Belt Stress 

to Pulley Diameter 

fibers in a belt are stretched, the 

inner ones compressed, and the 

middle ones remain the same length. 
This assumes the belt to be of homo- 
geneous material, and the modulus 
of elasticity to be the same in tension 
and compression, otherwise the neu- 
tral plane would be shifted according 
to the stress distribution across the 
thickness of the belt. 

A simple test to determine the ratio 
of the modulus of elasticity in tension 
to that in compression can be made 
by first marking equal distances on 
both sides of a piece of belt while 
flat, then measuring the distance be- 
tween the lines with a tape when the 
belt has been bent around a flat faced 
pulley or other flat faced round object. 
If the stretch on the outside equals 
the compression on the inside the 
moduli will be equal. Tests made 
by this method on some types of 
belts have shown that the assump- 
tions made above are justified. 

Since the neutral plane is in the 
center of the belt thickness, as shown 
by the accompanying figure, the 
length of the belt in the neutral 

plane is: 

t 
G -+ 5)? 

where 9 is the angle of the arc of 
contact between the belt and pulley, 
expressed in radians, R is the pulley 
radius in inches, and ¢ the belt thick- 

ness. Similarly the corresponding 
portion of the stretched belt on the 
outer surface has a length equal to 

(R + ¢)0 (2) 
The amount that this portion of 

the belt is stretched is the difference 
between equations 1 and 2. The ratio 
of elongation to original length, e, 
will be this difference divided by 
equation 1. Hence 

— (R+5) 

(R+ 35) 

[: going around a pulley the outer 

(1) 

e = 

By EMORY KEMLER 
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The above quantity when multiplied 
by the modulus of elasticity of the 
material, provided the proportional 
limit has not been exceeded, equals 
the unit stress, or, 

(R+1)0— (R+ ) 
XES 

(r+4)° 
where E is the modulus of elasticity 
and S is the unit fiber stress. 

It will be noticed that § will cancel 
out in the above equation, showing 
that the stresses set up in a belt in 
going around a pulley are independent 
of the arc of contact between the 
belt and the pulley. 

The above equation simplifies to 

E(t t S 

— 65 
As both J and are very small 

2 E 

quantities, their product may be 
neglected without involving any ap- 
preciable error. This reduces the 
above equation to 

Et 

R= 35 or, 

Et 
— 

This will be the stress in the belt 
caused by stretching in going around 
the pulley. If T is the working 
tension per unit width, then the unit 
stress in the belt as regards working 

tension only, will be 5. The total 

maximum stress in the belt will 

then be: 

E Et 

weg r S 
Pin Et 

2(Sa— $) 
t 

To illustrate the application of this 
formula, we will take for example a 
belt 4 in. thick, the belt stress not to 
exceed 2,000 Ib. per sq.in., which is 
one-half of the maximum tensile 
strength of oak tanned leather as 
given in the tables of the Smithsonian 
Institution. The same tables give the 
modulus of elasticity of leather as 
ranging from 18,000 to 32,000 Ib. 
per sq.in. For the purposes of this 
example, 25,000 Ib. per sq.in. will be 
used. It is desired to find the min- 
imum diameter pulley that can be 
used without exceeding the safe 
working stress of 2,000 lb. per sq.in. 
in the belt. 

Assuming a cemented belt joint 
having an efficiency of 80 per cent, 
the maximum stress Sm should not 
exceed 0.8 x 2,000 or 1,600 lb. per 
sq.in. The tight side tension will be 
taken as 300 Ib. per in. width. If it 
be assumed that shocks and overload 
may double the tight side tension, 
600 should be used for the value of 
T in the formula. Hence: 

25,000 x 3 __ 

“a(i 8) 
The diameter of the smallest ad- 

visable pulley will then be 31.2 in. 
which is 62.4 times the belt thickness. 
This conforms closely to standard 

practice. 

== 156 in. 
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Theoretical Considerations in the 

DESIGN OF SPUR GEAR TEETH 

F WE EXAMINE a gear and its action under load 
we readily recognize that a gear tooth is a cantilever 
beam loaded at some point between the bottom and 

top of the tooth. To analyze the stresses in a cantilever 
beam we must first determine the worst possible loading. 

Under operating conditions a gear tooth is subject to 
loading and unloading once each revolution of the gear. 
The application of this load is with some initial velocity. 
In the final analysis we cannot neglect this. The effect 
of the application of the load with initial velocity is a 
matter of conjecture, opinion, and experience. The only 
ay it can be taken care of is by the use of a factor 

of safety to cover this particular phase. This factor is 
a function of the velocity and the accuracy of cutting the 
teeth. As the velocity increases and as the inaccuracy 
of the tooth form increases the destructive effect on the 
tooth increases. In our fundamental analysis we may 
neglect this until we have established a correct analysis 
for static conditions. 

In addition to the effect of velocity of application of 
the load there is a repetition of load. The effect of 
repetition of stresses on materials is being investigated 
extensively at the present time but as yet no conclusive 
information is available. On account of this and not 
desiring to involve the fundamental discussion I will com- 
pletely ignore the influence for the present. I will for 
these reasons consider static conditions only. 

As a result of the fact that the manufacture of gears 
has reached a high degree of accuracy and on account of 
the care used in the assembly of the gears and their 
shafting we may readily assume that in a pair of spur 
gears the faces of the gear teeth are parallel to the axes 
of the bores and that the shafts are installed so that 
their axes are parallel. This then permits the logical 
assumption that the load may be considered as uniformly 
distributed across the face of the tooth. 

With this assumption the worst possible conditions 
would be the application of the load at the top of the 
tooth, and one tooth carrying all the load. These two 
conditions are seldom met simultaneously. Indeed, 
it is contended that with modern methods of cutting 
gear teeth it is practically impossible to get a condition 
wherein one tooth carries all of the load. Some experi- 
mental work has been done which shows that there is 
considerable doubt as to whether one tooth alone can 
have the total load applied to it. The results of this 
investigation seem to have met with considerable dis- 
favor among gear manufacturers and no appreciable 
progress has been made in obtaining recognition for that 
work. Nevertheless, it is a point that we should follow 
up and do sufficient research work to clear up the 
existing doubt. However, should we accept the data 
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available at present, the distribution of the load on the 

teeth is a function of the shape of the teeth, their pro- 
portions and the numbers of teeth in the mating gears. 
This distribution factor could then easily be applied 
after we have definitely established the correct analysis 
of the gear tooth as a cantilever beam. 

We will therefore assume that the load is uniformly 
distributed across the face of the tooth, all carried by one 
tooth and applied at the top of the tooth normal to the 
tooth curve at that point. 

HAVE illustrated this loading in Fig. 1. Let W be 
the load. Let abc, a line normal to the tooth curve 

at the top of the tooth, be its line of action. This line 
will be tangent to the base circle at c. Let oc be the 
radius of the base circle. Then W will be equal to the 
torque acting on the gear divided by oc. 

Now II’ produces three stresses on the tooth. The 
component parallel to the radial center line of the tooth 
produces direct compression. The component at right 
angles to the radial center line of the tooth produces 
bending and shear. 

Let A be the angle between the line of action of the 
tooth load, line abc, and a line eb perpendicular to the 

Fig. 1—Gear tooth 7 | / Ax. 

having all the load ce | j / 

distributed along | j / 

the top of the tooth m 

and in a direction A / / 

normal to the tooth 

curve 

———— — — 
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centerline of the tooth under consideration. 
Then W cos A is the load producing bending and 

shear, and WsinA is the load producing direct 
compression. 

Angle A is unknown and we must proceed to find it. 
Draw a radial line, oc, through the point of tangency 
of the line of action of the tooth load and the base 
circle, and a radial line, fo, through the point of inter- 
section of the tooth curve and the outside circle. These 
two lines, together with the line of action of the load 
inclose the right triangle ocf, in which the length of 
lines oc and of of are known for any given angle of 
obliquity, number of teeth, and product of diametral 
pitch and addendum, as will be shown. From this the 
length of line fc and the magnitude of the angles of the 
triangle can be determined. 

\ — 
eT Me ‘Outside — 

A — * x — — ON circle 

| — /5-Pitoh / 
: € ‘ circle 

~Base circle 

Fig. 2—Diagram for proving the con- 

stant relationship for a given angle of 

obliquity, number of teeth, and product 

of addendum and diametral pitch 

The expression for determining the value of the angle 
A, is derived as follows: 

Let B be the angle between radial lines to the point of 
tangency of the line of action of the load and to the 
point of intersection of the tooth curve and the outside 
circle. 

OW if we draw a line bd through the intersec- 
tion of the line of action of the load and the radial 

center line of the tooth normal to the radial line fo 
through the intersection of the involute and the outside 
circle, the angle abd is equal to angle B. 

Let C be the angle between the lines normal to the 
radial center line of the tooth and normal to the radial 
line through the intersection of the tooth curve and the 
outside circle. This angle, C, is equal to the angle 
between the radial center line, ob, of the tooth and the 
radial line, fo, through the intersection of the tooth curve 
and the outside circle. 

The angle Æ is equal to angle B minus angle C. 
Therefore to determine the magnitude of angle Æ we 
must determine angle C. 

For any given number of teeth in the gear the angle 
subtended by the thickness of the tooth at the pitch circle 
is known. Draw a radial line, oh, to the point of inter- 
section of the tooth curve and the pitch circle. 

Let D be the angle between the radial line fo to the 
intersection of the involute and the outside circle and 
the radial line oh to the intersection of the tooth curve 
and pitch circle. Then angle C is equal to one-half of 
the angle subtended by the thickness of the tooth at the 
pitch circle minus angle D. 
u. 
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Referring now to Fig. 2, which is exaggerated for 
clarity, oh is the radial line to the intersection of the 
involute and the pitch circle, and fo is the radial line to 
the intersection of the involute and the outside circle. 
Then angle hof is angle D. 

RAW two positions of the generatrix, one through 
the intersection of the involute and the pitch circle, 

hi, and one through the point of intersection of the inovlute 
and the outside circle, fc, and then draw the radial 
lines oi and oc to the points of tangency of hi and fc 
with the base circle. 

Let 
E be the angle between the radial lines og and o1. 
F be the angle between the radial lines og and oh. 
G be the angle between the radial lines og and of. 
H be the angle between the radial lines og and oc. 
J be the angle between the radial lines oh and ot. 

This angle is equal to the angle of obliquity 
of the involute. 

The lengths of radial lines og, oi, oc, oh, and of are 
known for any given angle of obliquity, pitch diameter, 
and product of addendum and diametral pitch, and lines 
og, oi, and oc are all equal, as will be proven. 

Line ih is equal to oi times E radians. 
Line cf is equal to oi times H radians. 

Considering ‘point A, 

x = oi cos E + oiE sin E 

y = oi sin E — oE cos E 
y _ sin E — E cos E 

tan F == = —— —⸗ 
x cos E + E sin È 

(1) 

x* + y° = oh 
Using the above values of v and y, and knowing that 

sin? + cos* = 1, we get 
> 

oh =0 +oiE 

1 — 
F? oh — oi 2 2 

k ave — Von — oi 
ol 

oi = oh cos J 
Then 

i | fas t 
E= oh cos J oh — oh cos? 

Therefore, for any given angle of obliquity, angle E 
is constant and, expressed in radians, is equal to the 
tangent of the angle of obliquity. 

From equations 1 and 2, 

; sin tan J — tan J cos tan J 
F = nmn ( — (3) 

cos tan J + tan J sin tan J 

Therefore, for any given angle of obliquity, angle F 
is constant and is as expressed in equation 3. 

Applying the same procedure of derivation, consid- 
ering point f as in deriving equation 1, we get: 

sin H — H cos H Mos hae 

Li tet x8 
H = aa of — oi 

Let m be a constant which, divided by the diametral 
pitch, will give the addendum. 

Then 
m 

of * oh — DP. 

ot = ohcosJ 

— ——— 

— — oe 
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7 l a 2ohm K m” —2 
= = * J- — OS? oh cos J FDP. + (DP)a — 9h cost J 

Let N = the number of teeth in the gear. 

Then 
N 

—— 
Then 

2D.P. N* 2Nm m” N* a 
H = = ee Oe “Soe she. Some Faas 2 = cos*J 

NoosJV4p.P. 2DP. DP. ADP. 
2 ve ee "~ 

i - N* sin® J i . H= — 7 + Nm + m? radians (4) 

Therefore, for any given angle of obliquity, number of 
teeth, and product of addendum and diametral pitch, 
angle H is constant, and is given by equation 4. 
But 

sin H — H cos H (5) 

cos H + H sin H n 

Therefore, for any given angle of obliquity, number of 
teeth, and product of addendum and diametral pitch, 
angle G is constant and its tangent is given by sub- 
stituting the value of H as in equation 4, in equation 5. 

tan CG = 

Considering angle B we have: 

— oc oh cos J 

© of oh + om 
D.P. 

N 

-r 
N COS J 

_2D.P. N cos J 
tos B = - — $ A 6 
cos \ * N + 2m (6) 

2D.P. * DP. 
Therefore, angle B is constant for any given angle of 

obliquity, number of teeth, and product of addendum and 
diametral pitch, and its cosine is given by equation 6. 

Let K be one-half the angle subtended by the thickness 
of the tooth at the pitch line. Then 

i 2n a 
Angle K = 4n = oN 

Angle A = angle B — angle C 
Angle C = angle K — angle D 
Angle D = angle G — angle F 
Angle G = angle H — angle B 

Therefore 

Angle 4 = angles B — K + H — B — F 
Angle 4A = angle H — angle F — angle K 

2 INe T i= — - — — 
Kl 

— (Ennon 
— tan 

costan J + tan J sintan J 

+ Nim + m? 

) 25 radians (7) 

Therefore, for any given angle of obliquity, number of 
teeth, and product of addendum and diametral pitch, 
angle 4 is constant, as given in equation 7. 

Having derived the expression for determining the 
value of angle 4, I will show by four selected cases the 
magnitude of the error introduced by using the load 
acting at the pitch radius as the load producing bending 
and neglecting the direct compression and shear. 

Three A.G.M.A. standard proportion 144-deg. pres- 
sure angle, 1 diametral pitch spur gears were chosen, one 
having 12 teeth, one having 60 teeth and one having 180 

teeth. Also one gear with a 25-deg. pressure angle, 
stub-type teeth, 1 diametral pitch, and 60 teeth. 
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All of these gears were laid out either full size or 
double size, and the length of the tooth as a cantilever 
beam and the depth of the critical section were obtained 
graphically. From these results the principal stress was 
determined on the section subjected to the maximum 
bending stress. 

In the 12-tooth gear the principal stress is 5 per cent 
less than the stress produced, considering bending only 
and assuming the load as being equal to the load acting 
at the pitch radius of the gear. In the 60-tooth gear 
the principal direct stress thus found is 5.6 per cent 
greater than the stress produced, considering bending 
only and assuming the load as being equal to the load 
acting at the pitch radius of the gear. 

In the 180-tooth gear this principal stress is 8.2 per 
cent greater than the bending stress and 7.9 per cent 
greater than the stress produced, considering bending 
only and assuming the load as being equal to the load 
acting at the pitch radius of the gear. In the 60-tooth, 
25-deg. pressure angle, stub-type gear, this principal 
stress is 19 per cent greater than the bending stress 
and 22 per cent greater than the stress produced, consid- 
ering bending only and assuming the load as being equal 
to the load acting at the pitch radius of the gear. 

SUMMARY AND CONCLUSIONS 

From these calculations we find that in the 145-deg. 
system with A.G.M.A. standard proportions, we are not 
always on the side of safety when we assume that the 
load producing bending on a gear tooth may be taken as 
being equal to the load acting at the pitch radius and 
that we may neglect the direct compression and shear. 

In the 12-tooth gear, 1 diametral pitch, we find that 
the principal stress is 5 per cent less than that which we 
normally determine. 

In the 60-tooth, 1 diametral pitch gear, we find that 
the principal stress is 5.6 per cent greater than that 
which we normally determine. 

In the 180-tooth, 1 diametral pitch gear, we find that 
the principal stress is 7.9 per cent greater than that 
normally determined. 

In the 60-tooth, 1 diametral pitch, 25-deg. pressure 
angle gear with stub-tooth proportions, we find that the 
principal stress is 22 per cent greater than that normally 
determined. 

From these results and with the increasing tendency 
to use larger pressure angles, we can readily see that our 
normal method of determining the stresses in gear teeth 
does not always err on the side of safety, but is more 
often decidedly on the dangerous side. 

This summary indicates that: 
1. The fundamental principle laid down in the Lewis 

formula is correct. 
2. We should extend the scope of the Lewis formula 

to conform to present tendencies in the design and manu- 
facture of gears. 

3. We should determine and use the actual load acting 
at the top of the tooth. 

4. We should not neglect direct compression and 
shear. 

5. We should determine the principal stress on the 
critical section and use it as our basis for design. 

6. We should not use the shape coefficients usually 
published, except for cases where we know the value to 
be correct for the tooth being dealt with. 

7. We should attempt to determine, by some means 
more convenient than graphics, the length of the tooth 
as a beam and the depth of the section subjected to the 
maximum bending stress. 
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MECHANICAL TRENDS 

in RADIO 

REMOTE CON- 

TROL at a distance 

of 650-ft. is now 

possible in radio 

By GEORGE S. BRADY 
En to materials, introduction of stand- 

ard parts and units, and demands for sets that 
can be manufactured largely by machine, are the 

noteworthy points in the design of radios this year 

ECHANICAL design has been as important in 
the great improvement in radio as the advance’ 
in technical design itself. In fact, almost without 

exception exhibitors at the Radio Manufacturers Asso- 
ciation Show in Atlantic City, June 2 to 7, stressed 
mechanical features and physical appearance in their 
designs. Not only has careful mechanical design per- 

mitted practical shop production, giving improved sets 
without price increases, but also the exactness of the 
present machine-made sets gives constant electrical char- 
acteristics that promote uniform results. 

It was previously considered that metal was detri- 
mental to the performance of the radio set, but it has 
developed that the modern sets are sometimes entirely 
of metal with the sole exception of the insulating parts. 
Metal panels, baseboards, and tube sockets are used, and 
metal shielding is employed around the tubes, condensers, 
and coils. 

Improved electrical design has simplified the mechan- 
ical construction of the sets, but better mechanical design 
has brought about unit construction so that each part 
is self-contained, even the connecting cables, and can 
be put in place solidly with the minimum of chance for 
loose connections or electrical losses. Instead of numer- 
ous screw connections that invariably work loose and 
cause noises in the set, the connections now needed are 
made permanently with solder, soft tin-lead solders being 

used. In fastening parts to the sheet-metal base Parker- 
Kalon metal drive screws are used and require no tap- 
ping of the hole in the sheet metal. These mechanical 
refinements, in addition to the fact that cables are now 
used instead of solid bus bars, have also cut down break- 
age losses in shipping the sets. 

All sets are now shielded. This shielding, first used in 
1925, intercepts the magnetic lines of force and so pre- 
vents interference between the parts, and makes the set 
more rigid. Shielding is with steel, copper, brass, or 
aluminum. On sets where sheet steel is used it is heavily 
copper plated on the inside. This is considered sufficient 
for conductivitl since the radio frequency currents travel 
on the surface of the metal. The sheet-steel shielding is 
electric spot-welded, and usually finished on the outside 
with Prismlac, crackle finish, or plain lacquers. The 
American Brass Company advocates the use of copper 
shielding for both the inter-stage and the total shielding. 
It is claimed that such shielding to be effective must be 
complete, and that the smallest crack or opening will 
cause trouble. The Aluminum Company of America 
showed shielding made in pure aluminum and used on 
the sets of a number of prominent manufacturers. One 
important argument in favor of this metal is its easy 
workability and the fact that the deep “cans” can be 
drawn with one stroke of the press, thus cutting down 
factory costs. The finishing of the aluminum shielding 
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V 

THE 

built 

“AUTOMATIC” 

to fasten under the hood. It 

pletely shielded 

radio is 

is com- 

automobile 

is also inexpensive, a good-appearing matte finish being 
obtained by simple dipping in a caustic solution. 

Chasses are now invariably made of metal instead of 
wood. The metal permits grounding of all the shielding 
at once without the use of wires, and also in some cases 
acts as a conductor for filament circuits. The chassis 
sub-panel, or base, is usually in sheet metal, but there 
is a tendency to go to a die casting for greater rigidity 
to prevent unbalance of the gang condensers. Some sets 
have light aluminum die-cast bases. 

The radio condenser is one of the most interesting 
parts from a mechanical standpoint. In order to obtain 
the single control demanded by the home radio user the 
several condensers are “ganged” either on one shaft, or 
by gearing together the shafts. Differences in metallic 
construction of the condensers or connecting parts and 
differences in the tubes make it difficult to attain exact 
similarity in electrical characteristics. When condensers 
were first ganged an approximate alignment was obtained 

by warping or bending the plates of the stator sections. 
Greater accuracy of construction of the whole set has 
eliminated the necessity of much of this adjustment, and 
the condensers are now matched in manufacture by 
micrometric adjustment of the before final 
clamping. 

Condenser rotor and stator plates are of brass, alumi- 
num, or sheet steel cadmium plated. The plates are 
spaced only about 0.035 in. apart, and con- 
sequently the metal must be of such a hard- 
ness that it will retain a perfectly flat sur- 

f Condenser frames were formerly of 

plates 

tace. 

built-up sheet steel, but at present many 
builders are using castings of the light alloys. 

In long gangs the aluminum die castings 
maintain their stability. The rotor shaft is 
always of steel with the plates pinned or 
fastened with setscrews. The modern con- 
struction calls for ball bearings in the end- 
plates of the frame to eliminate all play in 
the rotor. The stator plates are permanently 
set in slots in a strip of Bakelite or similar 
insulating material on each side of the con- 

denser frame. 
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Radio set manufacturers, like the builders of other 
types of machines and appliances, are realizing the 
advantages of specialization, and with few exceptions 
are not attempting to make specialized small parts and 
units. Part manufacturers, who three or four years ago 
were making parts for amateurs, are now specializing 
on quantity parts and units for the complete set builders. 
These parts include resistances, insulators, dials, sockets, 
plugs, switches, and rheostats. Many refinements have 
lately been made in the mechanical construction of these 
units in order to eliminate unfavorable electrical charac- 
teristics and noises, and to make for more economical 
production. Molded phenolic resins are widely used 
because of the ease of incorporating metal inserts and 
the good insulating properties under all conditions. 

ULCANIZED fiber, because it stamps and ma- 
chines easily, is also widely used for insulation, 

although in many cases specially prepared felt is used 
for washers, gaskets, and bases. The modern vulcanized 
fiber is capable of withstanding any moisture normally 
encountered in service. The use of better insulation, 
together with the newer core irons, cobalt-steels, and 
silicon transformer steels, have made possible greatly 
reduced size of units. Improved shop methods of im- 
pregnating coils have also favored designs. Audio coils, 
transformers and power equipment units are now built 
as closed units in sheet-steel cases, the cases being 
riveted together with tubular rivets that permit passage 
of wires and fastening screws. Many turned parts, 
rivets, and screws are now made of white aluminum 
alloys instead of from brass and steel which need plating. 
Nichrome, Kilohm, and other nickel-chromium alloys are 
now invariably used for resistance elements. Contact 
springs are of phosphor bronze, usually tinned. Such 
parts as resistances are now mounted on phenol-molded 
clips to the chassis to prevent looseness that causes noises 
in the set. Where screw joints are used the Shakeproof 
type of lockwasher is used. Glass is preferred by some 
for outside insulators instead of porcelain because of the 
high tensile strength of the special flint glasses. One 
advantage is that the glass insulators because of their 
transparency can be tested for flaws by polarization. 
Another application of glass is for the “bulls eyes” in 
control panels, which are of heat-resistant Pyrex glass. 
Molybdenum alloys are being advocated for springs and 
contacts, Tantalum has made possible the superior results 
in even the common tube of the present day. 

Fixed condensers constructed of metal foil and paper 

THE “TRANSITONE” automobile radio goes 

directly under the dash panel. It is housed 

in a completely closed metal box 
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are widely used. ‘Tin-lead foil was formerly used in 
these condensers, but is being replaced by aluminum foil 
which has a higher electrical conductivity, and is stiffer 
and gives greater covering area. One pound of alumi- 
num foil, 0.0003 in. thick, which is the size used for 
condensers, covers an area of 34,000 sq.in. 

Standardization is apparent in many of the smaller 
radio units and in screws, rivets, and wire. One manu- 
facturer has standardized on 25 sizes of copper wire 
from No. 18 to 42, which practically coincides with the 
standards of another large manufacturer. 

Both zinc-base and aluminum-base die castings are 
used for set cases and ornamental parts of cases. Some 
makers are using sand-cast aluminum in speaker frames, 
though most of these are made in pressed steel. Speaker 
elbows are also cast in aluminum. Ornamental parts of 

A ONE-PIECE frame houses 

this condenser. The stator plates are fast- 

ened in Bakelite panels. Ball bearings are 

located in the ends of the rotor shaft 

pressed steel 

ALUMINUM 

castings are 

for the frame 

thin shielding of 

this DeJur Amsco 

condenser 

die- 

used 

and 

the case, such as the dials and escutcheon are being made 

by a few specialists who produce even for the largest 
radio manufacturers. Escutcheons are made in sheet 
brass or steel in embossed or etched designs, and are 
made in many styles and finishes to suit the design ideas 
of the various set builders. Beauty of design is being 
stressed in the 1930 model radios, although this is most 
apparent in the cabinets, which are very largely of wood 
and are being made to a large extent by radio cabinet 
specialists. Automobile radios, however, are character- 

ized by their compactness, and are encased in metal boxes 
and shielded from sparking disturbances. 
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Three Is a Crowd 
By PauL B. SWINTON 

HAD been telling Darley about a problem I had 
encountered at the Carlton plant. It was a very pecu- 

liar case and had me puzzled, as it had every one else 
involved in the situation. I had hopes that Darley might 
be able to give me a lead to the solution. After I had 
concluded, Darley spoke up: 

“It is impossible to make even an intelligent guess as 
to the cause of the trouble. Yet this may give you a lead. 

“You remember the 500-W machine the Eltur people 
developed while I was works manager there. The arma- 
ture spider fitted on the tapered end of the shaft, the 
outer end of the armature spider screwing on to the end 
of the shaft. No lock nut was used. In screwing on the 
armature a floating collar on the shaft made a beveled 
mating fit with the inner face of the spider, compressing 
a spring behind the collar, the resulting pressure making 
the floating collar act as a lock nut. 

“The model machine made in the toolroom was perfect, 
but the first production machine showed a decided eccen- 
tricity at the armature commutator, though the shaft 
alone mounted in the machine showed almost perfectly 
concentric, and the armature mounted on a mandrel 
showed up equally well. But when the two parts were 
assembled they were out from fifteen to twenty thou- 
sandths. Our chief inspector made all kinds of meas- 
urements. The tapers on the shaft and in the armature 
spiders were perfect mates. Yet when assembled it was 
all out of true. Some thought the shaft was deflected by 
the weight of the armature; others attributed it to loose- 
ness in the shaft ball bearings. A little thought and 
investigation showed these guesses to be far fetched. 

“One day my chief inspector came to me with a broad 
grin on his face. Said he wanted to show me something. 
We went to the inspection department and there stood 
the machine with a dial indicator rigged up to test for 
eccentricity. He gave the armature a gentle spin. The 
needle on the indicator hardly moved—practically per- 
fect concentricity. And that was accomplished by the 
simple act of taking out the spring from behind the 
floating collar.” 

“I don’t see why that should have such an effect,” I 
remarked. 
“We didn’t either, but it is simple enough. The float- 

ing collar was not concentric with the shaft. It was 
wedged into the armature by the spring pressure, and 
thus located the inner end of the armature—out of cen- 
ter. The tapered spider could not seat itself on the shaft. 
The whole thing was easily remedied by making the face 
of the collar and the inner end of the spider practically 
flat, allowing the spider to seat on the shaft. 

“The principle to remember is that not more than two 
elements should be required to be in definite relation to 
one another. If three elements, as in this case the 
spider, the shaft and the collar, are to be in definite 
relationship, each with the other two, any discrepancy 
in one will affect the operation of the other two. Such 
design requires great manufacturing precision on all 
three members in order to operate properly, as in our 
toolroom model. You see, two is company ; three is a 
crowd.” 
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A Study 

in 

Originality 

THE LOCOMOTOR 
ARIOUS types of motor cars 
for branch-line service on 
steam railways have been suc- 

cessfully employed with proved econ- 
omy in the past several years. The 
early models had direct drive from a 
heavy-duty gasoline or kerosene en- 
gine. Later came the gas-electric, or 
Diesel-electric, type of drive. Now 

have the “Locomotor,” a steam- 
powered rail motor car designed to 
take advantage of all the desirable 
characteristics of steam engine opera- 
tion, and applied in a field that was 
already steam minded. Periodic at- 
tempts have been made in the past 
two decades to revive the use of the 
high-speed, high-pressure steam en- 
gine together with a flash steam boiler 
for passenger car and truck drive, but 
without any marked success. For this 
reason, in designing the Locomotor, 
all precedent had to be swept aside 
and a new start made from scratch. 
It is not surprising, therefore, that 
we find rather unconventional fea- 
tures throughout, developed as solu- 
tions to many new and interesting 
engineering problems with which the 
designers were constantly confronted. 

To start with, the following re- 
quirements had to be met in a steam 
power plant designed for service in a 
self-propelled passenger railway car: 

1. It must be economical of fuel in 
order to compete with existing plants. 

2. It must be compact in order to 
fit into the minimum of car space, as 
this unit, in addition to furnishing the 
motive power, was also to be a rev- 
enue-producing piece of equipment. 

3. It must be light in weight, be- 
cause each ton of dead weight requires 

additional fuel to move it over the 

road. 

4. It must be automatically con- 
trolled in order that one man may 
operate the car without attention to 
the power plant. 

5. It must condense completely so 

that it will not be necessary to carry 
large quantities of water. 

The engine lubricating oil must 
be removed from the condensate be- 
fore it is returned to the boiler in 
order to protect the boiler tubes. 

7. There must be an auxiliary 
power unit to keep the steam pres- 
sure up, so that everything will be in 
readiness for the maximum demand 
when the car is started. 

There must be a means of rais- 

ing steam pressure from a cold start. 
All these details must be worked 

out in a simple, compact manner with 
the necessary gages and controls 
within reach of the operator so that 
all the functions of the car are under 
his entire control. 

Kach of these requirements had its 
own individual conditions that had to 
be met. In general, the solution lay 
in the selection of a high-pressure 
steam plant, with high superheat com- 
bined with the economies of the uni- 
flow steam engine. To realize the 
compact design of the boiler, it was 
necessary to use very high evaporat- 
ing rates, positive circulation, rapid 
flow of gases over the tube surfaces, 
and a vaporizing type of burner in 

DIAGRAMMATIC sketch of the steam generator, showing 

the water-steam storage drum which facilitates absorbing the 

violent fluctuations in steam demand and generation 
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By C. FAVERTY 
Chief Engineer, | 
Railway Locomotive Company 
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which the fuel is burned as a gas in 
a minimum of combustion space. A 
boiler of this kind has to stand sud- 
den temperature changes over a wide 
range and very rapid steam pressure 
fluctuation without setting up any 
severe local stresses. 

For the main engines, two eight- 
cylinder, poppet-valve, uniflow en- 
gines were selected because of their 
simplicity and economy, and because 
of certain other desirable features 
that will be pointed out in a later 
article. The condensing system is lo- 
cated in the roof of the car at the 
forward end, making use of the most 
effective part of the car when travel- 
ing at high speeds. These condensers 
condense the steam completely and 
the condensate drains by gravity back 
into the engine room. By means of 
a centrifuge, oil is separated from the 
water and used over again, as is the 
water. In addition to these problems 
there were a number of auxiliary 
units that had to be tied in with the 
unit as a whole, making a very com- 

plex problem in balance of equipment, 
a problem much more complicated 
than one met with in the average com- 
mercial power generating station. 

HE principle of design of the 
steam unit had been worked out 

over a period of years by engineers of 
the International Harvester Company 
with the idea of developing it for 
tractor locomotion. The largest unit 
then considered was intended to de- 
velop about 50 hp.; it remained, 
therefore, for the engineers of this 
company, in co-operation with those 
of the Railway Locomotor Company, 
to develop this size up to approxi- 
mately 500 boiler hp., with two 
225-hp. uniflow engines and auxil- 
iaries taking the load. Considerable 
originality was shown in the initial 
design of both the burner and the 
boiler, as may be seen by reference to 
the figures, one showing the burner 

IN A SPACE 52 in. in diam., 

over 500 mechanical horsepower 

is developed by the steam gen- 

erator. The burner is not shown 

unit in detail, the other the entire 
steam generator, consisting of the 
gasifier, burner, and the evaporating 
system. 

Elimination of noise and smoke 
were primary considerations in the 
design of the unit. Any ordinary 
grade of distillate may be used for 
fuel, and the combustion is so com- 

plete that no carbon deposits are left 
on the tubes. An analysis of the flue 
gases shows a slight excess of oxygen 
without any carbon monoxide. Steam 
pressures are between 600 and 650 Ib. 
per sq.in., with 250 deg. of superheat. 

N designing the burner, it was de- 
cided at the outset to discard all 

conventional ideas, particularly with 
the object of developing a piece of ap- 
paratus that would function over long 
periods without attention ; that would 
be non-clogging, silent, and otherwise 
fool-proof, besides being practically 
automatic in operation. For this type 
of service it must be possible to turn 
the main burner on or off at will 
according to the varying power de- 
mands. In this installation the steam 
pressure itself is the controlling me- 
dium, and it performs this function 
within a narrow range of pressure. 

Ordinary distillate is used as the 
fuel, burned in a gaseous form prop- 
erly mixed with air. Two parts are 
therefore necessary for the burner, 
the burner itself and a gasifier. In 
addition there is an electrically driven 
olower whose air output is regulated 
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by a butterfly valve, controlled in turn 
by a solenoid functioning with the rise 
and fall of steam pressure. Beyond 
the butterfly valve the air passage is 
divided into two semi-circular cham- 
bers resembling a question mark when 
viewed from above. Because these 
chambers are subjected to tempera- 
tures varying from atmospheric to 
that corresponding to a dull red heat, 
they are chrome-nickel iron castings 
and are made in this odd shape to 
take care of. expansion. They are 
bolted to a common header at the 
point of entrance of the air and also 
to a common carrier ring at the base 
of the burner proper, which is free to 
position itself in space as regards the 
other parts of the system. To take 
care of the overhang, the bottom of 
each pot rests on rounded pins upon 
which they are free to slide laterally 
during expansion. 

Underneath these gasifier pots is a 
pilot burner which keeps the pots hot 
enough at all times to vaporize the 
fuel. Originally the fuel was allowed 
to drop into the pot, which was then 
a one-piece casting, and to gasify due 
to heat alone; in the final design, two 
simple atomizers are used, placed in 
the air stream at the entrance to each 
of the gasifier pots, in which enough 
swirling action takes place to assure 
thorough mixing and vaporizing of 
the fuel. Any globules deposited on 
the side walls by centrifugal force 
are instantly vaporized by the hot 
casting. 

The burner itself is extremely sim- 
ple in construction, consisting as it 
does of a stack of ordinary gray-iron 
rings separated by about »5-in. wash- 
ers and bolted to a ring base. Gas 
generated by the vaporizer issues 
from these narrow annular slots and 
burns in the form of a blue-green 
flame about 1 in. away from the 
burner rings. Although a tempera- 
ture of 3,500 deg. F. is developed in 
the firing area, the burner itself re- 
mains relatively cool owing to the 
large volume of warm air being 
forced through it. 

LTHOUGH simplified in me- 
chanical details, the pilot burner 

is a replica of the main burner on a 
small scale. Vaporization of the oil 
takes place simply by dropping it into 
the hot body, instead of first being 
atomized. When starting up cold an 
external source of heat is supplied in 
the form of an electric grid, supplied 
with current from the car storage 
batteries. Air for the pilot is by- 
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passed from the main blower and is always available 
whether the main butterfly valve is open or not. This 
pilot burner is in operation at all times and should it fail 
to operate, the main burner is automatically cut off, the 
control being through a thermocouple placed in the 
flame of the pilot burner. 

H' /T gases from the main burner pass between closely 
arranged systems of tubes and eventually find 

their outlet through a gas uptake which surrounds the 
generator. Nichrome baffles at the top deflect the gas 
down and outward radially. By arranging the wet steam 
coils nearest the flame and the superheater coils outside 
them, burning of the tubes is prevented, although Enduro 
metal, a chrome-nickel, heat-treated steel, is used for 
these severe-duty positions. The outside coils contain 
feed water and come in contact with the partially cooled 
gases, reducing their temperature further to 450-500 
deg. F. before they go up the stack. These outer coils, 
therefore, act as water-cooled boiler walls so that little 
insulation is necessary for the outside sheathing of the 
tubes. Considering that 500 hp. is developed in a space 
of 4 ft. 4 in. in diameter and considering also the volume 
of air and gas forced through the unit, this represents 
good engineering balance. 

About 1,000 ft. of tubing is used in the generator, 
385 ft. being Enduro metal, the remainder standard low- 
carbon seamless tubing. The latter is l-in. tubing, elec- 
trically welded, while the Enduro tubing is in three 
sections, gas welded into one continuous length before 
being wound into spiral coils. About 85 ft. of tubing is 
used for the evaporator coils next to the flame, 75 ft. of 
tubing for the superheater section, and 225 ft. of tubing 
for that section of the generator where the moisture is 
in the transition stage. 

In connection with the generator is a water-steam 
storage and separator drum which serves to help in meet- 
ing the violent fluctuations between demand and steam 
generation that take place in a unit of this type. Bumpy 
operation was one of the chief drawbacks of flash boil- 
ers, and this storage drum appears as a successful solu- 
tion of an exasperating problem. The upper half of the 
drum provides steam storage which is out of the fire 
zone and co-operates with the auxiliary moisture circu- 
lation in maintaining a constant supply of steam at all 
times, a characteristic not generally to be found in a 
boiler of this type. The storage chamber can be re- 
stricted to a small volume because of the high pressure 
under which the plant operates. Any slight decrease in 
pressure immediately permits the release of additional 
steam from the water in the lower half of the drum and 
simultaneously the burner is again brought into action. 

This storage drum is made from a single sheet, drawn 
and forged into the shape shown, and in order to obtain 
the necessary ductility and strength in forging it, low- 
carbon nickel steel was the material chosen. It is 
designed for a pressure of 900 Ib. per sq.in., although the 
steam pressure is automatically maintained below 650 
pounds. 

As a matter of fact, this storage drum serves the 
triple purpose of: supplying steam for the superheater 
coil as the steam demand requires it, smoothing out what 
would otherwise result in rapid pressure fluctuations ; 
furnishing a supply of water to recirculate through the 
coil nearest the flame when the boiler feed pump is not 
operating; and lastly, supplying a location for a gage 
for determining the quantity of water in the system. 
In normal operation, the drum is about one-half full of 
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hot water with saturated steam circulating above it. 

In operation of the generator, condensate at a tem- 
perature of about 170 deg. F. is pumped into the out- 
side set of feed water coils where the temperature is 
gradually raised to about 500 deg. F. whereat steam is 
formed under the pressure of the system. Before going 
to the evaporator coils in the flame area, however, the 
steam passes through a venturi injector, shown in the 
sketch of the generator, where it picks up some hot water 
drawn from the bottom of the storage drum. In this 
way enough moisture is present in the evaporator tubes 
to prevent their burning and at the same time makes this 
inside coil an effective protection for the superheater 
coil just outside it, besides preventing the superheating 
of steam in tubes other than the designated superheater 
coil. Steam from the evaporator coil is led back to 
the storage drum and enters tangentially at a point near 
the top, in this way separating any globules of moisture 
by centrifugal force against the sidewalls of the drum. 
Dry steam passes through an outlet in the head of the 
drum and then to the superheater coil where its tem- 
perature is raised to 750 deg. F. before being admitted 
to the engine. 

HE circulating system when fully supplied con- 
tains a definite quantity of steam and water. Loss 

from the system is reflected in a lowering of the water 
level in the only unit having any considerable storage 
volume, namely, the drum. Attached to the drum is a 
jacket which contains the mercury terminal of a distance 
thermometer and which has an upper and lower connec- 
tion to the drum. The jacket is so positioned that as 
long as a relatively full supply of water is maintained, 
the mercury terminal will be in contact with water from 
the drum. In the drum the water is approximately the 
same temperature as the steam, but the water in the 

‘ jacket is cooler and is kept so by directing the feed 
rater through a separate channel in the casing of the 

jacket before putting it into the pre-heater tubes. 
As the water in the system becomes depleted, the 

lowering of the drum water level increasingly exposes 
the mercury terminal to steam. The increasing exposure 
to this steam is registered on the thermometer dial out- 
side of the generator compartment in front of the oper- 
ator, who by turning a small raw water valve, can add 
sufficient water to the system to restore the level in the 
drum. 

The condensing system is located in the roof at the 
forward end to make use of the most effective part of 
the car in traveling at high speed, and to allow the con- 
densate to drain back to the centrifuge and pump by the 
shortest route. The condenser cores are similar to those 
of automobile radiators, being of the fin and tube type, 

THE simple arrangement of 

vaporizer, burner, and fan 
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SOME of the auxiliaries at the forward 

part of the car, including the oil and water 

centrifuge, triplex feedwater pump, and 

small steam engine and generator 

with the tubes rectangular in section and having rounded 
ends. Obviously, the core thickness is greater than is 
found in automotive practice, and seamless tubing is 
used for greater strength and reliability. The entire 
condenser unit is mounted in a way that will allow for 
the expansion and contraction that takes place with the 
varying’ steam demand and still provide the necessary 
rigidity for structural purposes. On account of weight 
requirements, the top headers and the bottom drain pans 
are of aluminum. 

A is drawn through the condenser by fans located 
in the roof over the condenser compartment, all 

three fans being driven through gear boxes by a com- 
mon 15-hp. motor located at the rear of the compartment. 
Any of these fans can be cut in or out at will by the 
operator to suit the condensate temperature and atmos- 
pheric conditions. 

After the condensate leaves the condensers, it is 
collected at a De Laval centrifugal type separator which 
was especially developed for the purpose of removing 
the engine lubricating oil, leaving clean water for the 
boiler and clear oil to be used over again in the sys- 
tem. Ordinarily the condensate carries 50 to 60 grains 
of oil per gallon, and in the centrifuge this content is 
reduced to less than 2 grains per gallon in the clear 
water, which is then pumped back into the boiler by a 
triplex-plunger pump driven by an auxiliary steam 
engine. . This feed water pump is of special design, 
having three horizontal plungers made of carburized 
nickel steel operating in bronze-bushed cast-iron cylin- 
ders. The drive from the engine to the pump is through 
a hardened steel worm and bronze wormwheel, partially 
submerged in oil, the worm being placed on top. 
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The auxiliary steam engine, which is a four-cylinder 
uniflow type similar to the main drive engine, also drives 
the main unit generator, which supplies 110-volt current 
for operating the generator blower, the oil separator, the 
fuel pump, the motor-generator set for the 32-volt light- 
ing circuit, the condenser fan, and the air compressor for 
supplying the brakes. When starting up cold, a separate 
2,500-watt gas-electric generator is employed with means 
provided for automatically cutting this out as the main 
generator gets up to voltage, thus preventing the aux- 
iliary starting unit from being overloaded. 

HE sequence of starting all auxiliary units is con- 
trolled in a unique manner by a seven-point, drum- 

type controller which has been especially adapted for this 
work. When moved to the first point, the gas-electric 
power plant is started so that current is available for 
the pilot-light heating element which is actuated by 
switch point No. 2. At the third point of the switch, 
the fuel pump is started; at the fourth, the blower sup- 
plying air for the pilot light and the main burner. When 
the vaporizer pots are up to heat, the butterfly valve is 
turned manually which starts the main burner, the fuel 
oil valve being turned on automatically. In less than a 
minute enough steam is generated to start the auxiliary 
engine driving the boiler feed pump and the generator 
for auxiliary power. At point 5, the oil separator is 
started; at point 6, the transfer is made from the gas- 
electric unit to the generator; at point 7, the air com- 
pressor is started; and at the last point the condenser 
fan driving motor is put in operation. At a cold start 
the time consumed is about 20 minutes; when the shut- 
down is less than one hour, it takes about four minutes 
to bring the unit up to operating balance. 

Although the back pressure in the condenser is only 
about 1 Ib. per sq.in. exhaust takes place at about 25 Ib. 
per sq.in. cylinder pressure, and the velocity of the flow 
of exhaust steam is sufficient to carry any globules of 
moisture mechanically up to the condenser system so that 
at no time can water run back to the engine and damage 
it. The exhaust line consists of 34-in. inside diameter 
tubing with ;y-in. wall. 

Draftsmen’s Calculations 

By A. W. KNIGHT 

MANY DRAFTSMEN delude themselves into a false 
notion of accuracy in their calculations. For instance, 
they estimate the weight of a casting, carefully calculat- 
ing the volume of tiny fillets and every small piece of 
metal. They get the result as, say, 7,349 lb. Because of 
some queer kink in their minds, that final 49 seems to 
assure them as to the correctness of their work. Yet a 
moment’s thought would show that in practice such ac- 
curacy is impossible and is, moreover, unnecessary be- 
cause the weight of a cubic foot of different mixtures of 
cast iron varies between rather wide limits, and two 
castings both made from the same pattern, seldom weigh 
the same. Also, an estimated weight is never required, 
for any purpose, to such a degree of exactitude. 
Two questions should be kept in mind by the drafts- 

man when making calculations: first, what percentage of 
error is involved in each of the assumptions or factors 
used in the calculation and, therefore, by what percent- 
age is the result likely to be in error? Second, what is 
the purpose of the calculation and what degree of ac- 
curacy is desirable ? 
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Organization 

Materials 

LUMINUM Research Labor- 

atories have for their field, 
investigations in all phases of 

company’s materials research 
activities from bauxite to finished 
product. The new laboratory build- 
ing at New Kensington with 56,000 
sq.ft. of working space houses a staff 
of 150. Research laboratories are 

also maintained at five other plants, 
so that the total staff numbers about 
200. The work of these laboratories 

handled in divisions, devoted to 
definite lines of experimentation. 

the 

is 

The metallurgical division com- 
prises two groups, one at New 
Kensington, and a second at Cleve- 
land. The development of new alloy 
compositions and processes and the 
perfection of old alloys and fabricat- 
ing processes are important lines of 
work of this division. The physical 
testing division devoted to the 
determination of the physical prop- 

1s 
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By JUNIUS D. EDWARDS 
Assistant Director of Research, 
Aluminum Company of America 

erties of aluminum and its alloys and 
related engineering data. 

Another division, known as the 
chemical development division, with 
laboratories at New Kensington and 
East St. Louis, handles small- and 
large-scale problems of a chemical 
nature. Bauxite, which is the ore 
from which aluminum is ultimately 
produced, is refined by a chemical 
process. This puts the company in 
the chemical business in a large way, 
and there are innumerable problems 
connected with the production of 
alumina and other chemical products 
and by-products. 

The mechanical division works on 
machine development, and the paints 
and finishes division handles the 
problems connected with aluminum 
paint and with the painting and 
finishing of aluminum. Precise meas- 
urements of a physical nature are 
handled by the chemistry division. 

Patent work has grown extensively 
with the many ramifications of the 
business, and a patent division co- 
operating with outside attorneys is 
organized to supervise this work. 
This division secures and classifies 
every patent, foreign and domestic, 
which appears to be of interest. The 
files now contain about 40,000 pat- 
ents, so arranged that the patent art 
on any subject can be rapidly re- 
viewed. New developments of the 
laboratory are carefully analyzed 
from the patent protection standpoint, 
and applications are prepared for fur- 
ther handling by the attorneys. This 
arrangement promotes the close co- 
operation of technical and legal talent 
so necessary for adequate patent pro- 

tection. 
Fundamental to all metallurgical 

and chemical research is analytical 
chemistry, and the analytical division 
cooperates with all the other divisions 
in determining the composition of the 
materials with which they are work- 
ing. This division also investigates 
and establishes standard analytical 
methods and controls the operation 
of 17 different plant laboratories 
which the company maintains. 

The director of research, Francis 
C. Frary, with two assistants, Junius 
D. Edwards and H. E. Bakken, co- 
ordinates the work of the divisions 
and determines the activities and poli- 
cies of the research organization. 

Chemical or corrosion behavior is 
involved in practically every com- 
mercial use of metals. A sales ser- 
vice laboratory is therefore devoted 

THE metallurgical laboratory has 

æ complete installation of furnaces 

and rolls for the experimental pro- 

duction of aluminum and alloy sheets 
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to rendering assistance to the sales 
department on problems involving 
the chemical behavior of the metal. 
In this laboratory the work divides 
itself naturally into three divisions. 
First, comes the study of primary 
problems which embrace practical ap- 
plications of aluminum where it is 
not now used. Second, come those 
studies which contemplate the wider 
use of aluminum in industries where 
it has already been introduced. Third, 
come those problems which involve 
the handling of complaints. Funda- 
mentally, the work consists in study- 
ing under varying conditions the cor- 
rosion of aluminum by the materials 
of industry. Correlated with these 
corrosion and solution problems are 
problems of inhibition and protec- 
tion. This laboratory also handles 
problems involving the cleaning of 
aluminum and its maintenance in a 
satisfactory condition. This labora- 
tory, of course, draws freely on in- 
formation made available by other 
divisions of the laboratories. 

Illustrative of primary problems is 
the work done in the past on aluminum 

FLOOR PLANS of the Alumi- 

num Research Laboratories 

POLISHING and etching equip- 

ment for the preparation of 

specimens for metallographic 

examination 
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in the oil industry, and at present 
on the use of aluminum foil for wrap- 
ping dairy products. Problems of 
increasing the use of aluminum are 
illustrated by the work with collap- 
sible tubes, both along the line of 
incorporating inhibitive ingredients 
in corrosive materials and also in pro- 
tecting the inside of tubes by suitable 
coatings. 

The physical testing division is re- 
sponsible for the mechanical testing, 

standards, methods, and equipment 

used throughout the plants of the 
company and its subsidiaries. Much 
work is being done in the development 
of suitable testing apparatus and in 
the definition of adequate standards 
of accuracy to be used in the various 
plant laboratories in the checking and 
control of fabricated products. 

The division is responsible for the 
determination of the mechanical prop- 
erties and constants pertaining to 
aluminum and all its alloys. These 
mechanical properties include not 
only the usual tensile and compressive 
strengths, together with various kinds 
of hardness determinations, but also 
such properties as fatigue or endur- 
ance strengths, shearing properties, 
elastic moduli, machinability, and de- 

termination of many of the prop- 
erties at both high and low tempera- 
tures. Many investigational studies 
are carried out for the purpose of 
determining the strengths and proper 
design of such structural units of 
high-strength aluminum alloys as 
columns, beams, pressure vessels, 
riveted and welded joints, and frame 
structures. 

The division is equipped with suit- 
able testing apparatus for the accu- 
rate determination of not only the 
mechanical properties of the various 
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aluminum alloy products, but also the 
strengths of the fabricated units and 
structures indicated. The testing 

equipment includes a 30,000 to 300,000 
lbs. capacity Amsler universal hydrau- 
lic testing machine capable of testing 
tension or compression specimens 10 
it. long, or beams with a maximum 
span of 10 ft. For smaller specimens, 
a somewhat similar machine having 

ranging 
from 400 to 40,000 Ibs. is provided. 
This machine is suited for testing 
structural parts such as used in both 
heavier- and lighter-than-air aircraft, 
as well as making tests of wire and 

seven different capacities, 

cable. Adjacent to these large test- 
ing machines, a universal floor test 
slab is provided, which consists essen- 
tially of a large reinforced concrete 
beam 12x30x2 ft. thick, whose upper 
surface is flush with the floor. In 
this beam are located at suitable inter- 
vals, 48 inserts, each capable of with- 
standing a total pull of 25 tons. By 
the use of tension bolts, cross 

members, and accurately calibrated 
hydraulic jacks of varic.us capacities, 
a great variety of structures can be 
tested on this floor slab. The test 
slab will accommodate structures hav- 
ing a maximum span of 28 ft. and a 
maximum width of 10 ft. and a 
maximum height of 12 ft. Structures 
that may be tested with this arrange- 
ment include trusses, plate girders, 
car frames, truck frames, and large 
machine parts. In tests of this 
character, it is frequently desirable 
to know the magnitude of the strains 
and stresses in the various members 
and structures. Accordingly, the 
laboratory has been provided with 
numerous extensometers, strain 
gauges, and deflection-measuring de- 
vices of approved types. 

For the determination of the ten- 
sile and compressive properties of the 
various aluminum products, involving 
the usual standard sizes and forms 
of specimens, the laboratories are 

further equipped with smaller univer- 
sal testing machines. These include 
two Amsler hydraulic universal ma- 

chines each having seven capacity 
ranges of 200 to 20,000 Ibs., and two 
Olsen wire testing machines each 
having a capacity of 1,000 and 10,- 
000 Ibs. One of the smaller Amsler 
machines is equipped with a constant 

load-maintaining device of the hy- 

SPECIAL ma- 

chines are used 

for testing the 

endurance limit 

or fatigue 

strength of 

various alloys 

draulic type, and each is provided 
with a full set of grips and adapters 
capable of testing threaded end, 
shouldered end, plain round end test 
specimens ; wire and cable, thin sheet 
specimens, small beams having spans 
up to 36 inches, equipment for Brinell 
hardness tests and shear tests. In 
addition to these machines, a very 
small Louis Schopper tensile machine 
is provided for making tensile tests 
of aluminum foil, small wire and 
tissue paper. 

The laboratory also has an Amsler 
torsion testing machine with 4 ca- 
pacities, ranging from 240 to 1200 
foot-pounds, which is equipped for 
either hand or motor drive, auto- 
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graphic attachment and automatic 
balancing device. This machine is 
further provided with two _ tropto- 

meters and a Martens-mirror appara- 
tus for measuring torsional strengths. 
The testing machine handles speci- 
mens having a maximum diameter of 
3 in. by 44 in. long. Testing ma- 
chines are provided for the determi- 

nation of the endurance or fatigue 
properties of metals. This includes 
20 R. R. Moore rotating-beam ma- 
chines, 8 constant deflection-constant 
stress fatigue machines for testing 
sheet metal; 4 direct tension fatigue 
testing machines and 1 cantilever 
specimen type of machine (patterned 
after the designs of Prof. F. H. 
Moore), arranged for testing alumi- 
num tubing and fittings. In the case 
of aluminum and its alloys, fatigue 
strengths or endurance limit values 
are based on the material withstand- 
ing 500,000,000 cycles. 

Provision is made for making ten- 
sile tests of metals at both high and 
low temperatures throughout the range 
of —112 deg. F. up to +1,200 deg. F. 
Elaborate equipment is available for 
the calibration of extensometers, 
micrometers, calipers, and other meas- 
uring devices, as well as for the cali- 
bration of testing machines. The 
standards used by the laboratories 
are tied in directly with those used 
by the U. S. Bureau of Standards. 

A thoroughly modern machine shop 
is located on the ground floor of the 
building. Here equipment and ap- 
paratus for the central laboratory 
and the various plant laboratories are 
constructed and repaired. Provision 
is made for preparing, on a produc- 
tion scale, the thousands of test speci- 
mens required by the laboratories. 

v 

Designers Need Shop Experience 

By W. RoLAND NEEDHAM 
Engineer, Design Department 

` English Electric Company, Ltd., England 

EVERY designer’s training should 
include a period spent in pattern 
shop, foundry, forge, and machine 
shop. It is no less important that he 
should appreciate the practical aspects 
of the problems he must solve than 
that he should understand the princi- 
ples of mechanics. Such knowledge 
may mean just the difference between 
a design which will merely work and 
one which will also pay. 

There are relatively few designs 
which cannot be cast somehow, but 
too often a third-rate design, from a 
casting standpoint, is allowed to pass 
muster. A designer who knows both 

the theoretical and practical aspects 
of his job avoids unnecessary 
foundry expense. The designer can- 
not, of course, hope to understand 
the technique of pattern-making and 
founding as do those whose whole 
working life is spent at the work, but 
he should know the general principles 
at stake and when to consult shop 
men on their own specialty. It is not 
always wise to make the most perfect 
design from the foundry standpoint, 
but when it comes to making a good 
compromise, the designer, and the 
foremen of the pattern shop and 
foundry, should collaborate. 
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ART 

applied to machinery 

Some fundamentals are re- 

viewed. 

specific practices of modern 
engineering departments in 

applying art will be described. 

OUR considerations of prime 
importance are expressed in de- 
signing machines: Adaptation, 

strength and stiffness, manufacturing 
economy, and appearance. The last 
mentioned—appearance—has until re- 
cently received but little attention. 

There is a beauty possible in the 
design of machines which is always 
the outgrowth of a purpose. Orna- 
ment for ornament’s sake is seldom 
admissible. It is proper to ornament 
construction but never proper to con- 
struct ornamentation in a commercial 
mechanical device; yet, the striving 
for a pleasing effect is as much a part 
of the duty of a machine designer as 
it is the part of the duty of an archi- 
tect. Moreover, he must know the 
psychology of his “audience” to use 
art with good effect. If properly 
considered, art in a machine can have 
definite results in greater efficiency of 
the operators. 

Pioneer machine tool builders had 
little time or need to consider the ap- 
pearance of their products. They 
were often guardians of new ideas 
which they might not even reveal to 
their intimate friends because of the 
danger of ridicule. Most of them 
were practical men with little knowl- 
edge of engineering beyond what they 
acquired by the “cut and try” method 
as they went along. Many of them 
were not even educated men. Only a 
few of the early English tool builders 
served a regular shop apprenticeship ; 
even Whitworth was only an office 
clerk. Consequently, their machines 
expressed only the utility factor; no 
thought was given to appearance ; the 
primary consideration was to get 
something that would work. 
A still further reason for this con- 

In future articles 

dition may be uncovered if the avail- 
able tools of the last quarter of the 
eighteenth century are reviewed. Ma- 
chine members were of wood, only a 
few of the fastenings and smaller 
parts being made of that expensive, 
scarce, and comparatively unworkable 
material—metal. The majority of the 

MILLING machine of 

ago. Ugly features were not 

covered. Black was the univer- 

color 

50 years 
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MODERN art is shown in the 

lines of this Cincinnati milling 

machine. Wooden models are 

built first and carefully reviewed. 

“Machine-tool gray” is the finish 

work was done by hand. Available 
lathes were of wood, of the so-called 
“pole” type, operated by a cord reach- 
ing from a treadle around the work 
itself and up to a wooden pole or 
spring attached to the ceiling. The 
work rotated forward and backward 
and was caught with a hand tool each 
time it came forward. There were a 
few rude drilling and boring ma- 
chines, but no planers either for metal 
or wood. The tool equipment of the 
machinist, or “millwright” as he was 
called, consisted chiefly of hammer, 
chisel, and file, with calipers and a 
wooden rule for measuring devices. 
It is not surprising, therefore, that 
the machine builder practically ig- 
nored appearance. 

HE LAST quarter of the eigh- 
teenth century marked the begin- 

ning and the rapid development of the 
methods of refining and working iron, 
and also the beginning of the division 
of labor to a point where the designer 
was not the same individual as the 
builder. This, of course, gave an im- 
petus to the expression of ideas in the 
design beyond those of mere utility, 
because it removed from the hands of 
the designer the burden of carrying 
out the shop details of his design. As 
long as one set of men were combined 
originators, designers, and mechanics, 
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the designs were crude, and 
where difficulties were encoun- 
tered in the working out process 
they were remedied by bolting 
on another piece of one sort or 
another. The product was a 
patched, badly proportioned ob- 
ject. 

The first machine ornamenta- 
tion went into the castings, since 
this ornamentation could be put 
into the pattern and very many 
duplicate castings produced, 
something which was not true of 

FORMER ideas of proper ap- 

pearance contrast sharply with 

the straight lines of the Flather 

lathe. The door grating is for 

ventilating the motor and not 

for ornamentation 

wrought iron. It was characteristic in the trend toward 
ornamentation that the early tool builders of England 
and New England should follow the architecture they 
found in their churches. Not possessed of the artistic 
imagination of the Latin races, the design of the church 
they saw each Sunday and the lines of their best parlor 
furniture was about all the art with which they were 
acquainted. The result was planers with uprights copied 
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directly from church pews and arches, lathes with legs 
reminiscent of chairs and tables, and boring mills with 
designs copied from church roof trusses. 

These influences governed machine appearance for 
years. It was not until the middle of the last century 
that the inappropriateness of the machine ornamentation 
in use was realized. Samuel Clegg, a civil engineer, writ- 
ing in 1842 on “Architecture in Machinery,” said: “It 
must be remembered that the majority of those for whom 
machines are built cannot enter into the merits of their 
internal action or comparative performance, and there- 
fore, not being willing to yield the right of opinion, judge 
from ‘outside show, as they would of a picture or 
statue, where the only aim is to charm the eye or excite 

CHURCH pews, arches, 

and bridge structural 

work comprised the 

standards by which art 

was judged by early 

machine builders. Most 

of the designs were 

irrelevant to the me- 

chanical parts applied 

pleasurable sensations in the mind 
by the representation of Nature in 
her more sublime effects. It is only 
on those who by their education are 
qualified to judge of intrinsic merit 
that neither Nature or Art can be 
said to produce correct impressions 
(in machine design). Mr. Clegg’s 
recommendations for external ap- 
pearance were, of course, in favor of 
architectural correctness, and he 
presented illustrations of applica- 

tions of the orders of architecture to machine design, 
citing bad examples of combinations of Ionic and Doric, 
or of misuse of some element of a pedestal. It was a 
realization that something was wrong, but only a feeble 
attempt to cure it, because it came from someone outside 
the machinery industry who had not fathomed the psy- 
chology of the mechanic. Agitation of this kind resulted 
in the dropping entirely of ornamentation, or else, in the 

—— 
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turning to architectural forms for the machine lines. The 
result was an almost complete absence of art in the ma- 
chines of the eighties. 

The increased use of steel, better iron, ball and roller 
bearings, motors, and other standard parts, initiated radi- 
cal departures in external appearance. This, coupled with 
engineering knowledge of stresses and elements of de- 
sign, made the total redesign of the machine tool impera- 
tive. Design engineers were paying attention to practical 
mechanical appearance early in the present century, but 
it was not until the European influence was felt in all 
American life as a result of the World War that the 
“revolution” in machine design methods came fully into 
effect. 

Utility has come back as the first consideration, and 
taste has been added with attention paid to the effect on 
workmen. Old-style curved or straddled supporting legs 
have been found to lessen the supporting ability of the 
underframe ; they are now made straight. Piping, when 
it appears, runs directly to its object without regard for 
square corners or horizontal and vertical direction, but 
concentrates the oil holes or other utility features to avoid 
confusing the operator. The capped connecting-rod bear- 
ing which Clegg considered so ugly is still an important 
element in design. This suggests that external appear- 
ance and the application of art in machine design must 
usually be subordinated to engineering considerations, al- 
though in the case of anti-friction bearings they are usu- 
ally built in inclosed sweeping curves. Straight lines and 
sharp corners have come in naturally in welded structure, 
and they represent modern conceptions of beauty in de- 
sign. Present ideas of proper proportion will unquestion- 
ably be changed by the increasing use of new alloys, and 
the consequent change in relative size of various sections. 
But here is where the designer must know and follow 
the psychology of his industry. It has been actually 
demonstrated that operators will not get full efficiency 
from a machine that does not look right to them. The 
designer, therefore, cannot have his product too far in 

TRIM lines can be put effectively 

into an odd-shaped machine. 

Gray is the standard color, but 

greens and reds are also used 

THIS planer of 75 

years ago copied in 

ornamentation the 

massive furniture 

then widely used 

advance of its user, but must make his advances grad- 
ually. 

Beauty of form and proportion are both dependent 
upon proper adaptation of rules gained by experience 
and well-directed judgment. Theory, without experience 
and knowledge of the particular field, cannot be depended 
upon to produce results in machine appearance. Some 
machine tool builders employ artists, but only in an 
advisory capacity, since it is practically impossible to get 
artists with practical designing experience. 

As an example of machine design for appearance in 
cast pieces, the box frame has been found best in appear- 
ance. Stiffness can more easily be increased by decreas- 
ing the size of the core, and also auxiliary attachments 
may be added more easily. The single box pillar is con- 
sidered best and simplest for machines whose designs 
permit of its use. This type of support has its vertical 
outlines tapering outward at the bottom, otherwise, the 
base appears to grow smaller toward the bottom. The 
centerline of the support must go through the center of 
gravity of the machine, or the unit appears unbalanced. 
The external dimensions of the support must be such 
that the machine has the appearance of being in stable 
equilibrium. Outlines of overhanging heavy members 
must be carried without break to the foundation, or must 
be joined to the support by means of parabolic outlines 
or by straight brace lines. If the machine is too large 
or of a design which does not permit a pedestal base, the 
base should be a hollow box section of sufficient apparent 
solidarity to support and balance the machine. The ad- 
vent of steel-frame machines and the welded structures 
require different treatment entirely to produce a unified 
whole, and probably also, shop conceptions of the physical 
requirements must be altered. 

Manufacturers utilize a variety of methods to attain 
proper appearance. Some employ artists to which the 
finished engineering design is submitted for the design- 
ing of a harmonious exterior. Others depend upon the 
artistic sense of the regular design staff to produce the 
desired appearance. Specific exam- ry 

* ples will be given in later articles. 
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COMMENT 
J + 
AND SUGGESTION 

The Best Article at the Best Price 

By ALLAN R. MaclLaGANn 

WE LIKE to flatter ourselves by 
making “the whole works.” But 
it seems that the best way is to 
make the part if you have enough 
demand to give it the benefit of up- 
to-date design and manufacturing 
practice equal to the other fellow. 
Otherwise, it is better to buy it from 
him. This is, of course, not counting 
special cases where rush orders or 
special requirements will make one or 
the other course imperative. 

It is generally conceded, I believe, 
that the measure of the value of a 
business and its chances for con- 
tinued success are directly propor- 
tional to the service it gives. It is, 
therefore, our job as designers to 
give the customer the best possible 
article at the best possible price. 
Hence, if someone able to 
make gears or other parts better or 

cheaper than we can, let’s buy them 
from him. To make them ourselves 
under such conditions would be 
humoring our vanity at the expense 
of the customer. 

else is 

Drawing Dimensions 

By A. W. KNIGHT 

EVERY DIMENSION required by 
those who use a drawing must be 
inserted but, in addition, the dimen- 
sioning should be done in a way that 
facilitates their work. No lines of 

Left, 

Right, Fig. 2, 

Fig. 1, improperly dimensioned. 

correctly dimensioned 

figures should have to be added or 
subtracted from one another in order 
to get some essential measurement ; no 
unnecessary dimensions should be 
inserted. 

The draftsman should ask himself: 
If I had to make this part, what di- 
mensions would I need? Secondly, 
if I assembled or erected these com- 
ponents, what dimensions would I 
find necessary? Thirdly, what are 
the requirements of those who con- 
sult the drawing in the office? 

STOP... 
LOOK... | 

LISTEN... 

LOOK TO THE MATERIAL 

| WHAT can be accomplished by re- 
fining known designs is illustrated in 
the new Halgar-Magnum high-veloc- 
ity rifle and cartridge. The rifle bar- 
rel is made of high-elastic, corrosion- 
resistant alloy steel; the propellant is 
pure nitrocellulose free from erosive 
impurities; and instead of the stand- 
ard cupro-nickel bullet, a nickel-plated 
steel jacketed bullet was substituted to 

| cut down bullet friction and fouling. 
The result is a muzzle velocity of 
4,000 ft. per sec., as compared with 
2,500 in the army rifles. It practically 
eliminates the need for calculating 
wind velocity at ordinary ranges, and 
gives tremendous armor-piercing pos- 
sibilities. Better materials may some- 
times be the answer! 

. WOODEN MODELS ... 

WOODEN MODELS are being 
used very effectively by a number 
of machinery builders to visualize 
designs in advance, especially on 
heavy types of machines where it 
is desired to test out clearances, 
throws, and convenience of opera- 
tion. In the government depart- 
ments where money has not been 
appropriated for building the job, 
wooden models have been built ef- 
fectively in connection with the en- 
gineering and charged to the design. 
This idea might work also in 
plants where funds for shop work 
have not become available. 

COLLOIDAL COLLUSION 

ACCORDING to M. J. Callahan of 
E. I. duPont de Nemours & Company, 
the colloids seem to be conspiring again 
to supplant the present dynasty of 

What might be called the “string” 
system of dimensioning is thoroughly 
bad practice. In this method dimen- 
sion lines are drawn in various direc- 
tions across the work, and dimensions 
are quickly strung together in lines, 
as in Fig. 1, without any regard to 
the wants of readers. This is the 
favorite expedient of the “rushing” 
and unthinking type of man. It will 
be seen that dimensions A and B are 
not required. Dimensions C and E, 
and also A, F and B, must be added 

together to get required information. 
By dimensioning as in Fig. 2, such 
faults are avoided. 

A little thought and extra time 
spent at first in the correct dimension- 
ing of a drawing saves a great deal of 
time afterwards. 

Improved Protractor 

By Morton SCHWAM 
Designer, Naval Aircraft Factory 

DRAFTSMEN are often confronted 
with the problem of pointing off two 
or more angles from the same refer- 
ence point on a drawing. With the 

g oo POINT 

ordinary protractor this is a very 
cumbersome job because the points of 
intersection on the protractor must be 
lined up each time with the reference 
point on the drawing. The accom- 
panying sketch shows an improved 
protractor which consists of a small 
fitting fastened to the protractor with 
a needle point through the points of 
intersection and protruding yẹ in. be- 
low the surface of the protractor. In 
using this protractor the draftsman 
can save much time because of the 
fact that he can swing the protractor 
around to any desired position and be 
insured of taking all angles from 
exactly the same reference point. 



JULY, 1930 + 

Square Roots of Fractions 
By H. GrREENHALF 

Mechanical Department, 
Ford Motor Company of Canada 

DESIGNERS and draftsmen almost 
invariably in making computations in- 
volving fractions will transfer the 
fractions into decimals and then pro- 
ceed with the computations. In most 
cases it is better to leave the fractions 
as they are—perform the calculations 
required and then change the final re- 
sult into a decimal. This requires 
less tedious arithmetic and ensures at 
least equal accuracy and in many 
cases gives a little more accurate 
results. 
To illustrate, find the value of: 

X = V (104 + &)*? + (78)? — (4)? 

By the decimal method : 

X V (10.25 + 0.625)? + 7.375? — 0.625? 

= V 118.2656 + 54.3906 — 0.3906 

V 172.265625 = 13.125 

To get this result requires the squar- 
ing of five-digit, four-digit and three- 
digit numbers. 

By the fractional method : 

(2,3), Ey 6) 
VG * z) + (z) — (3) 

=) VO PHS 
= ġġ V 11025 = 13.125 

Il 

This requires the squaring of only 
two-digit numbers and division by 8. 

Anyone who takes the time to work 
this out by both methods will readily 
see the saving of time, and the less 
tedious nature of the work and con- 
sequently the less likelihood of error, 
by using the fractional method. 

Occasional Customer Contacts 

Valuable 

By WALTER T. FISHLEIGH 
Consulting Engineer 

OCCASIONAL customer contact is 
a liberal education as well as an eye- 
opener for the designing engineer. 
Of course, continuous contact is im- 
possible and of doubtful desirability. 
That is for the sales department and 
other definite contact men. But, 
every engineer, if confined continu- 
ously behind the walls of the en- 
gineering department, gets, despite 
himself, into a more or less defensive 
argumentative rut and quite out of 
touch with the customer’s viewpoint 
and requirements. Moreover, knowl- 
edge of the customer’s viewpoint and 
requirements and the proper rea- 

lacquer, although no pretender to the 
throne is yet in sight. He recently 
told A.S.T.M. members, however, that 
“research in the field of synthetic col- 
loids is being carried on intensively 
by a number of prominent industrial 
concerns, and it is not unlikely that a 
product of properties equivalent to 
present-day cellulose-nitrate lacquers, 
but based upon a new type of colloid, 
may be produced. If an economic ad- 
vantage can be obtained, a substitution 
undoubtedly will occur. The field of 
corrosion-resisting alloys offers con- 
siderable interest, and it is not too 
radical, perhaps, to speculate that al- 
loys may be produced that will per- 
mit the manufacture of automobile 
bodies requiring no finishing other 
than a burnishing operation.” 

> 

. BETTER “AN UNIVERSAL... 

ENGINEERS, who remember the old 
Holsman horseless carriage extant in 
about 1902, may recall that the drive 
from the jackshaft, itself driven by 
chain and sprocket from the engine, 
was by endless ropes passing from 
sheaves at the ends of the jackshaft 
over larger sheaves on the rear wheels 
of this buggy. 

A mad-wag engineer who viewed 
one of these old drives in the exhibit 
at the recent S.A.E. 25th anniversary 
meeting passed out the remark: “Well, 
that was a lot better than universal 
joints, because, if the drive broke, you 
at least had a good tow-rope to help 
get you home!” 

“999” 

FANS who recall the early days of 
automobile racing probably have not 
forgotten that the name “999” had a 
place in automotive as well as in loco- 
motive history. It was, in fact, the 
name of the racing car built and driven 
by Henry Ford, who is said to have 
made the first mile-a-minute record 
with it in 1904. Its 7x7-in. four- 
cylinder engine developed 80 hp. and 
drove through open bevel gears to the 
rear axle. 

Edward T. Birdsall, first secretary 
of the S.A.E., says that he used to 
pay Mr. Ford $100 each time he drove 
this famous car around the Empire 
City track at better than a mile-a- 
minute clip. When we visited the 
Ford plants in Dearborn recently it 
appeared to us that Mr. Ford had 
invested those $100 bills to pretty good 
advantage ! 

TIME DIMENSION . 

EINSTEIN’S theory of relativity 
and the dimension of time are also 
practically demonstrated in the Halgar 
bullet. The striking velocity of the 
very soft and plastic bullet, and the 
dynamic process, are so intense, or 
“timeless,” that there is no time avail- 
able to make possible the effects of 
the physical elasticity and plasticity 
of materials. The soft bullet, there- 
fore, pierces perfectly a glass-hard 
nickel-chromium-steel armor plate. 
This is a principle that will some day 
find use in machines. 
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sonable compliance. therewith by 
the engineering department are the 
two foundation stones of successful 
design. 

It is true that the engineer is 
continuously bombarded with sug- 
gestions, kicks and “cussings” by 
the sales department and the man- 
agement. But these are at best 
second-hand ; they are colored by the 
individuals presenting them ; they may 
even lose weight because of internal 
personalities. And the engineer, un- 
less given occasional opportunity for 
first-hand information, settles into the 
attitude of the incompetent baseball 
umpire, who interprets pop-bottles. 
seat-cushions and brick-bats as a 
regular and necessary part of a ball- 
game. If he could sit in the grand- 
stand among the rooters for a game 
or two, his viewpoint would be im- 
proved decidedly. 

The writer, while connected with 
two automotive companies, had oppor- 
tunity occasionally to contact directly 
with valued customers in different 
parts of the country. It was of ex- 
treme interest and value, to get the 
customer’s viewpoint of your various 
“babies.” Not only was it beneficial 
personally, but reports and recom- 
mendations returned to the engi- 
neering department by an engineer, 
decidedly reinforced and smoothed 
out discussions with the sales depart- 
ment and the management, resulting 
in noticeably improved co-operation 
and teamwork. 

A Pencil Pointer for the 

Draftsman 

By H. L. WHEELER 
U. S. Hoffman Machinery Corporation 

THE semi-circular pencil pointer 
shown in the accompanying illustra- 
tion is cleaner and more efficient than 
others I have seen, and is sure to 

once it find favor is used. This 
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pointer is covered with abrasive cloth 
or sandpaper which is glued to the 

tacked on the under side. 
Two small screw eyes and a short 
piece of cord serve to attach it to the 

drawing board, preferably at the left 
hand corner, where it will always be 
on the job. The sandpaper is easily 
renewed when worn out. A handy 
size for the block is 2 in. in diameter 

by 24 in. in length. 

block or 

Aircraft “Bench Designing” 

By GEORGE H. GUNN 
Aeronautical Draftsman 
Naval Aircraft Factory 

ALTHOUGH engineers in the older 

industries usually object to the prac 
tice of designing,” it is 
regarded as a highly acceptable pro- 
cedure in the aircraft industry. In 
fact, it is used to a considerable de- 

gree at the initiative of the engineer 
in charge of the job. 

Aircraft “bench designing” may 
be traced to the fact that such a 
relatively new industry as aviation 
is not tradition, but 
utilizes ability, experience, and initia 
tive wherever it can be found. Be 
cause most of its engineers, and more 
particularly its draftsmen, are young 
men, it is expedient to utilize the 
knowledge of the older men in the 
shops, who have had many more 
years of experience in their particular 
trades. Another factor that is favor- 
able to aircraft “bench designing” is 
the saving in time resulting from this 
practice. This saving is often very 
essential if a new model is not to be- 
come obsolete before it is produced. 
This method often solves the problem 
of making changes quickly in exist- 
ing aircraft work. 

It is usual to supply the shop with 
dies and typical sections of a new 
float or flying boat hull, and then let 
the shop develop its own details from 
the mold loft lay-out. Interferences 
developed in the assembly of a new 
model, or changes found necessary or 
desirable in the construction of a 
plane, are recorded on project slips 
for use in the shop instead of being 
issued on finished drawings. These 
slips are either typewritten instruc- 
tions or mere sketches, which the 
shop must actually work out under 
the general direction of the foreman 
and project engineer. Close co- 
operation is, of course, essential, but 
under its helpful influence, “bench 
designing” becomes a recognized and 
accepted procedure. 

“bench 

steeped in 

Inclined Leg on Shaper Table 

By H. 

TRIANGULAR structures, like cir- 
cular structures, have great ability to 
resist deflection from external forces. 
Application of triangular structures 
to metal working machines has pro- 
ceeded slowly, however. Probably 
one of its first uses on a shaper table 
to prevent deflection under heavy cuts 
is illustrated below. In this Klopp 
shaper (German), the ordinary table 
elevating screw has been discarded 
in favor of an inclined adjustable leg. 
The end of the leg bears upon a 
planed surface at the table 
Stresses imposed on the table by the 
action of the cutting tool are absorbed 
by the vertical ways and the adjust 

The tendency of the table 

R. LEGRAND 

foot. 

able leg. 

I 

I 
' 
' 

t 

Nhaper table leg design for 

reducing deflection under 

heavy cutting conditions 

to spring out and down, as shown 
by the small diagram, is overcome by 
this construction and heavier ma- 
chining may be undertaken when this 
construction is used. 

Numbering Drawings 

By D. D. DEMAREST 

ALL PARTS other than standard, I 
believe, should be identified with the 
particular machine for which they 
were designed. Where machines are 
built in lots of less than about a hun- 
dred it is often convenient to make 
all the drawings on standard size 
sheets, such as 24 by 36. Usually, as 

many as ten drawings may be put on 
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each sheet. Thus, sheet No. 1 will 
have on it the drawings of parts 10 
to 19, sheet No. 2 parts 20 to 29, and 
similarly for the succeeding sheets. 
If only one or two parts can be drawn 
on some sheets the other numbers are 
not used. The drawings of a finished 
machine are then on a few dozen 
sheets all of the same size, instead of 
several hundred of two or three dif- 
ferent sizes. The drafting time is con- 
siderably reduced with this method. 
As a set of blue prints can be cut up 
so that each part may be routed 
through separately, there is even a 

slight saving in the blue print expense. 

Having all the drawings of a com- 
plicated machine on a few sheets has 
many advantages. Changes made on 
these drawings affect only the particu- 
lar machine shown ; one does not have 
to worry lest some arm or connecting 

rod has been adopted for use on some 
entirely unrelated machine. It is also 
unnecessary to spend a day trying to 
collect a complete set of drawings 
of the machine and one avoids un- 
pleasant arguments which result when 
two or more men are working on 
machines having parts in common. 

When only a few prints cover an 
entire machine they are readily bound 
into book form. This is a great 
convenience to the assembler when he 
is putting together the first machine 
and to the designer when corrections 
or improvements are being consid 
ered. When a machine is to be dis- 
continued the few sheets of drawings 
are removed to storage. Thus no 
dead-wood is left in the file. 

There are all kinds of numbering 
or lettering systems to designate the 
different machines of any concern 
that may be employed with this 
method of handling drawings. One 
system that is quite simple and almost 
universally applicable is based on the 
date the machine is designed. Where 
a limited number of designs are pro- 
duced annually the year itself suffices 
and the first two figures indicate the 
year. The next symbol may be a 
letter or letters indicating the specific 
design of that year. Thus, 29-A in- 
dicates the first design of 1929. The 
next figures give the sheet and part 
number. If an order comes in for 
part number 26-R-548 it can at once 
be located as on sheet 54 of design 
R made in 1926. That tells the story 
nearly as well or possibly better than 
the more elaborate symbols that at- 
tempt to indicate the class of machine, 
kind of part and even the size of the 
drawing. This numbering system also 
aids the stock clerk and the cost ac- 
countant. 

as 
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The symbols aid in the ready 
grouping or distribution of the fin- 
ished parts as they are delivered to 
the stock room. They also permit the 
cost department to charge all mate- 
rials and labor directly against the 
entire machine instead of first com- 
puting the unit cost of each part. 
The figures will be available for de- 
termining the cost of any part or 
parts if that information should be 
required. Where machines are built 
under individual appropriations, as is 
often the case, the data aids in ob- 

taining the total expense to date. 
Practically every department is 

aided by such a simplification in the 
drawing numbers. Even the spare 
parts department gains, as it can 
file away a complete book of blue 
prints for each group of machines as 
shipped. Then there will be no ques- 
tion at any later date as to what some 
part on a certain machine looked like. 

Symbols for Machine Finishes 

sy CHARLES R. WHITEHOUSE 
Standards Department 

Holtzer-Cabot Electric Company 

THE OLD standby finish mark 
symbol “f” on drawings of cast-iron 
parts tells the patternmaker all that 
he needs to know about the finish. 
But what of the man in the shop? 
A piece may be considered finished 
if it comes within the specified limits, 
yet it may be no good for the job 
for which it is intended. For exam- 
ple, a shaft may be turned to the re- 
quired tolerance, but if the finishing 
cut is taken under a coarse feed, the 
bearing surface will, in all probability, 
be too rough. 

The draftsman should indicate, un- 
mistakably, on the drawings exactly 
the kind of finish that is desired. As 
there are no universal symbols for 
this purposé, notes must be made on 
the drawings to cover. Any plant, 
however, can easily develop a set of 
symbols which, if applied throughout 
the plant, will soon become recog- 
nized by the men. Once these be- 
come established they become as 
much a part of the drawings as the 

dimensions. These symbols should 
cover rough tool finish, fine tool 
finish, file finish, grinding, lapping, 
polishing, scraping, reaming, and 
chipping. 

(Editor’s note.) Something like 
what Mr. Whitehouse advocates is 
being done in a few plants. The 
Gleason Works goes further and has 
sample finishes on display in the shop. 

Engineering Department, 
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A Record of Job Delays— 

And Why 
3Y GEORGE H. GUNN 

Naval Aircraft Factory 
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INSTRUCTIONS TO DRAFTSMAN 

\ record of the draftsman’s work on a job 

is kept on the front of this card, the chief 

draftsman’s instructions on the reverse 

ONE METHOD of checking delays 
which occur in the progress of a job 
through the drafting room is the 
record card illustrated. This card 
not only shows starting and stopping 
times, hours worked, and similar 
pertinent information; it also pro- 
vides spaces in which to show delays 
which occurred and who was respon- 
sible for those delays. It acts as a 
check on the draftsman and an aid 
to the chief draftsman. 

In use, after a job has been com- 
pleted, the card with the job is handed 

INSTRUCTIONS (Detailed) 

to the squad leader, who totals the 
time spent, allows for interruptions, 
and is thus able to arrive at the cost 
of the drawing work on the particu- 
lar job. The delay times are, of 
course, shown on the job card of the 
job which occasioned the delay, and 
this double recording acts as a check. 
Estimates for future jobs of a similar 
nature may also be made from 
these cards. 

The reverse of the card allows the 
chief draftsman to write out his in- 
structions, thus insuring that they 
will not be mistaken or forgotten, no 
matter how long the job may take, 
or how many delays occur. 

Rubber for Severe Service 

By J. A. COVINGTON 

AMONG tthe new railroad devices 
shown at the A.R.A. convention, 
recently held at Atlantic City, was a 
six-wheel rubberized passenger car 
truck, exhibited by the Waugh 
Equipment Company. This truck is 
equipped with Moulton rubber cush- 
ioning pads, made of pure rubber 
gum and possessing a high factor of 
resiliency, which, it is claimed, will be 
maintained over years of service. 
Cushioning pads are provided under 
the center and side bearings, back of 

the bolster wear plates, under the 

equalizing springs and between the 

equalizer bars and journal boxes. 
This was the first exhibit of this 

kind that has been shown in this 

country, though European passenger 

cars have been equipped with rubber 
cushioning pads for some years. The 
pads greatly improve the riding 
qualities and eliminate the vibrations 
and noises that ordinarily occur at 
high speeds. 

The same company also had initial 
exhibits of rubber draft gears and 
buffers for passenger cars and double- 
end lading cushions. 

Erratum 

IN THE decimal equivalent chart ón 
page 207 of the May number, the 
figure in the first column and second 
row of the decimal equivalents, cor- 
responding to 35, should read 0312 
instead of 0132. 
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Every business, large or small, 

whether it advertises or not, whether it 
makes silk hats or brass pipes, should ap- 

point some one on its staff as its Design 
Engineer . 

ABBOTT KIMBALL, Vice-president, 

Lyddon, Hanford & Kimball, Inc. 

A Valuable By-Product 

HIGH OFFICIAL of one of our largest 
corporations is authority for the statement 

that better quality has almost invariably resulted 
when a given product was turned over to a product 

engineer for a cost reduction study. In the course 
of seeking better materials and better methods to 

the end that production costs could be reduced, 
the engineer usually discovered points in the de- 

sign that could be improved, and the result was 
an improvement in quality quite independent of 

the purpose of the investigation. 
Such a by-product is evidence of the worth of 

the product engineer, and of the value of periodic 
investigations of existing methods. 

How’s Business? 

S THE stock market wavers in uncertainty, as 

the tariff starts a string of speculation, the 
universal question is rising everywhere: “How’s 
Business?” It is impossible to escape it. There 
is no use saying “I’m an engineer and have nothing 

to do with the business end.” It then comes in 
another form and demands an answer—‘‘What’s 

doing in your line, anyway ?”’ 
Directly or indirectly the engineer and designer 

have something to do with the business end of the 
business, and possibly they have more to do with 

business slumps and business booms than is 
realized. On another page in this number there 

is the story of how the redesign of a product in- 

creased sales sixty per cent in this year of ‘‘depres- 
sion.” This particular plant is not talking de- 
pression. In another plant that is working 

overtime the designers are not dreaming of de- 

tails, but are incorporating standard units in their 
machines and giving a high-grade product at a 

lower price than their competitors. 
So it goes with other plants and other reasons. 

Suppose, for the sake of argument, that some 
radio manufacturer were able to come out all at 

once with a moderate-priced home radio that 
would project pictures, wouldn’t there be a rush to 
scrap the old radio and buy one of the new? 

Actually, the introduction of moderate-priced 

automobile sets is helping the radio industry ma- 
terially this year. 

There need be no attempt to hide the fact that 

adjustments are necessary to meet the advances in 

this mechanical age, just as they were necessary in 
the 70’s, and in the 90’s, and later in 1914 from 

the ten-hour day and the effects of the efficiency 
movement. The “machine age” has ‘nothing to 

fear if engineers continue their search to find 
mechanical means of reducing labor, and then 

assume some of the responsibility of making the 
social organization keep pace with engineering 

achievements. 

Who Designates the Lubrication? 

UTOMOBILE manufacturers have always 
been particular about how their cars should 

be oiled and greased in service. Their designers 
specify the lubricants to use after careful labora- 
tory and service tests, and sometimes, as in the 
case of trucks, the class of lubricant is designated 

on a nameplate. Why the designers of other 

classes of machines have frequently been lax in 
taking any responsibility for lubrication is a matter 
of mystery, but certainly the time has come when 
lubrication must be to the product designer one of 

the major considerations. 
There has been a lot of talk about how well 

the designer of household machines has done his 

job in regard to “foolproofing” for the non- 
mechanical operator. But along comes a washing 

Ce ee ee 
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machine in which the main bearing has an inacces- 

sible packing with no provision for anything like 
permanent lubrication, and four other oil holes 
into which the operator is sure to squirt light 
sewing-machine oil where a heavy oil should be 

used. This is only one example out of many that 
could be cited. There are outstanding examples 
of the provision of lubrication facilities and per- 
manent lubricated bearings by the designer, of 

course, but there is room for improvement. Every 
product designer should familiarize himself with 
the various kinds of lubricants, the modern lubri- 

cating systems, and the so-called oilless bearings. 
Lubrication should be built into the product. 

The Customer Be Pleased! 

RE designs that have to be “sold” to custom- 
ers by vigorous “educational” campaigns 

worthy of the work of progressive designers? 

Not long ago one of the transportation publica- 
tions carried a description of a new design of 
railway car in which, by shortening the leg room, 
narrowing the aisle, and compressing the seating 

width, some fourteen more pay passengers could 
be crowded into the car. It was shown that, for 

obvious reasons, these cars were not acceptable to 

the public, but the article stated that by campaigns 
ind insistence they were eventually “‘sold’”’ to the 
patrons of the two railroads, and intimated that 
they could well be adopted by other companies by 
the same means. 

The word “sold,” as it is frequently used, is 
coming to have an odious meaning in engineering 
circles. There is a difference between a real 
informative campaign by advertising and the 
so-called “educational” campaign of forcing the 
customer to believe something that he knows to 

be unsound. In the majority of such cases the 
engineer and designer are the “goats.” There 
may be perfectly proper reasons—financial or 
otherwise—why a company cannot at the time do 
a proper engineering job of furnishing what the 
customer wants, but these reasons should be given 
to the public squarely, and the engineer should 
not be compelled to take the odium for retrogres- 
sive designs that are, at best, only makeshifts to 
tide over a difficulty. 
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Two Strokes Ahead 

OW that Dr. Junkers has produced in 
Germany a light two-stroke Diesel engine 

for aircraft, the possibility of further advances 
in this country with two-stroke aviation and other 

light engines ought not to be overlooked. The 
contention that the old two-stroke automobile 

engines were not especially successful is entirely 
beside the point. Service requirements for air- 

craft not only differ entirely from those in an auto- 
mobile, but today engineers know how to build 

light and efficient turbo-blowers for scavenging, 

and how to handle and meter fuel with pumps of 
such precision that high economy is readily 
attained. 

It does not appear necessary to use the Diesel 
cycle, unless its advantages evidently outweigh its 
disadvantages, to assure a successful two-stroke 

engine. Certainly some other cycle or method of 
operation will prove workable if not even more 
satisfactory. 

v 

New Designs for Old 

HEN automobiles were new their design- 

ers adopted many a feature of the horse- 

drawn vehicle with little thought of the 
appropriateness of the feature to the new trans- 

port medium. Typical of these features is the 
mudguard, of more or less graceful appearance. 

As a part of a carriage it had a very real func- 
tion because of the fiendishly muddy roads that 
often had to be traveled. But how often, today, 

are we condemned to ride through mud? Good 

roads are rapidly spreading to connect even the 

hamlets with the cities. 

At the same time, these roads are responsible 

for a new need in mudguards. Automobiles run 

very much faster, and they collide with each other 

far too frequently, in spite of the marvelous 

brakes with which the engineer has provided 

them. 

Why not, then, a mudguard that will protect 

against the frequent collision as well as against 

the infrequent mud splash? 

ty 
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WHAT’S GOING ON— 

The Month 

In Product Design 
VPEED, a 

quarter century, is exemplified in 
a number of products ot the past 

month. Baltimore is to have trolley 
cars capable of acceleration at 3 m.p.h. 
per second, braking at the same rate, 
and having a free running speed of 38 
m.p.h. at 550 volts. The conventional 
type car, with axle-hung, single-geared 
motor, was found to be faster than the 
newer ones. Interurban buses, mean- 
while, for Baltimore and other cities, 
are being built with gas-electric drives 
to make them single-man operable at 
57 m.p.h., and with as many as 68 
passengers. 

design essential ior a 

DRILLING and the need for fast 
hoisting of the drills has resulted 

in the latest Westinghouse a.c. outht 

with a star-delta protected type motor, 
rated 125-250 hp., 900 r.p.m. The star 
side is used for drilling, the delta side 

for hoisting. This combination permits 
efficient performance, since both torque 
and speed are controllable on either 
connection. The drilling motor is di- 
rectly connected to, and mounted on, a 
common bedplate, with a single reduc- 
tion gear carrying a sprocket for chain 
drive to the line shaft, the entire equip 
ment being mounted on skids. 

DEE Pp 

DEEP-SEA DIVING BELLS, 

form, which recently 
spherical in 

made a record 
descent of 1,426 ft., as compared with 
a previous 350 ft., were required to 
resist pressures of 20,000 Ib. per sq.in. 
at the depth attained. Cast steel formed 

Designed especially for A. M. Byers Company’s I new plant by the Morgan 

Engineering Company, this 46-in. high universal plate mill has a maximum 

height of 20 ft. 9 in., a length of 53 ft. 8 in., and will roll 84-in. sheared plate 

the sphere, but no glass could be found 
for the ports which would resist the 
enormous pressure and still allow vis- 
ibility. Disks of clear fused quartz, 3 
in. thick, were cast to fill the three 8-in. 
portholes, through two of which search- 
lights shine, and through the third of 
which photographs are taken or obser- 
vations made. 

Rapio design, according to Radio Re- 
tailing, is undergoing a number of 
striking changes. Engineers designing 
the circuits for the new small models 
seem to have standardized upon the 
screen-grid tuned radio-frequency power 
detector and power amplification ar- 
rangement; most of the remainder fol- 
low the heater type 3-element tube 
trend. Two new ideas in listening en- 

Weighing only 1,130 lb., 16 in. narrower and 28 in. shorter than any other 

ear, the bantam Austin is being made in three models, this being the coupe. 

A 4-cyl. 2.2-in. bore, 3-in. stroke engine, delivering 14.8 brake hp., powers it 

joyment, the automatic volume control 
and the remote control, have been 
worked up to a position of great prac- 
ticability in the new sets. Another sig- 
nificant trend is that of using phono- 
graph reproduction devices of an 
entirely automatic kind in combination 
with high-grade audio amplifiers in the 
radio receiver. 

TELEVISION is being brought more and 
more into the range of the. ordinary 
man. A new experimental television 
set announced by the Insuline Corpo- 
ration of America consists essentially 
of a motion picture projector utilizing 
standard 35 mm. safety film and a syn- 
chronous motor operated through a 
suitable gear reduction. The same mo- 
tor also operates the transmitting 
scanner and an optical focusing system 
is mounted in front of the reel housing, 
while a condensing lens focuses the 
scanned diverging rays into a photo- 
electric cell. Connections are made 
from the photo-electric cell to the re- 
ceiver which consists of a four-stage, 
resistance-coupled amplifier working 
into a neon lamp. The entire unit sells 
for less than $300, according to Elec- 
tronics. 

ELECTRICAL EQUIPMENT new this month 
includes an electric door chime to be 
used in place of doorbells and buzzers. 
Its chimes are made of hard drawn 
bell metal tubing, polished and lacquered 
to a natural brass finish. Sets come 
with 1 to 4 chimes, and may be made 
in sets of one to fifty, according to 
Electrical Merchandising. The Breuer 
industrial-type cleaner employs an over- 
size 3-hp. G.E. universal motor, mounted 

—— 
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on Norma precision ball bearings. The 
motor is mounted on a cast aluminum 

cover fitting over a steel tank finished 
in aluminum. A double-faced outdoor 
clock utilizes two telechron synchronous 
motors inserted in a cast aluminum case. 
The dials are white vitrolite with arabic 
numerals. The clock thus requires no 
maintenance. 

AIRCRAFT CARRIER bids have just been 

invited by the Navy. Welding and 
aluminum are to be used extensively in 
the construction of the new carrier, 
thus enabling greater speed from a 
smaller and lighter hull. About the 
same complement of planes can be car- 
ried on the new ship as o2 the Lex- 
ington and Saratoga, although her beam 
will be only 80 ft., as compared to the 
106-ft. beams of the sister ships and 
her standard displacement only 13,800 
tons against their displacement of 33,000. 
Cost of the new carrier, including armor 
and armament, is expected to be 
$19,000,000. 

All-welded gear case for a 1,400-brake- 

hp. geared turbine dredge drive by 

Westinghouse, first unit of its kind 

The Burnelli all-metal “all-wing” 
plane utilizes a fuselage cross-sectioned 
like a wing, every portion of which is 
designed to contribute its share of the 
“lift.” The plane carries 20 passengers 
in insulated, sound-proofed cabins, ac- 
cording to Aviation. 

MACHINE TOOL DESIGN, as evidenced 
in American Machinist, has produced a 
pneumatic lathe chuck having two inde- 
pendent sets of jaws, four jaws in all. 
Independent action permits the gripping 
of pieces which are out of round. An 
automatic case-hardening furnace of the 
ventilated type utilizes a carrier mech- 
anism to transfer work, in baskets, 
through salt pot or cyanide and quench, 
all without opening of the furnace. 
Parts are dumped automatically after 
quenching. The ‘Fastermatic” turret 
lathe with an exceptionally long bed 
uses two turrets feeding from opposite 
directions to machine from both sides 
work held in a central work head. Feeds 
and rapid traverses are accomplished 
hydraulically. A German Brinell hard- 
ness tester is made in the form of a 
yoke, with a. pressure-producing means 
at one end of the yoke to exert standard 
loads. The yoke body is made of two 

Powered with a Pratt & Whitney Wasp engine mounted with crankshaft vertical, driving 

four 4-bladed propellers, each one below and ahead of the leading edge of a rotating 

vane, the Curtiss-Bleecker helicopter has its engine and gasoline tank revolving with the 

wing. The stabovators trailing below the wings and the small rudder are exceptional 

A Glance Over the Pases— 

1. What metals are used to plate steel air- 
craft parts? p. 307 

2. What are the two principal factors in 
the selection of coil-winding distribu- 
tors? p. 310 

3. What relation has pulley diameter to 
belt stress? p. 311 

4. Does the 144%-deg. system, with 
A.G.M.A. proportions, insure safety in 
gear design? p. 316 

5. How are radio condensers “ganged” 
together? p. 318 

6. Who are the A.S.M.E., A.S.T.M., 
A.I.E.E. and S.A.E. nominees? p. 338- 
340 

7. How much has been done in screw- 
thread testing? p. 341 

8. What are the characteristics of the 
Curtiss-Bleecker helicopter? p. 337 

9. Which individuals should co-ordinate 
work and determine policies and activ- 
ities in research? p. 324 

10. Upon what factors do beauty of ma- 
chine form and proportion depend? 
p. 329 

struts which deflect as the load is ap- 
plied. This deflection is a measure of 
the applied load. The instrument is 
portable to make it of use for testing 
cumbersome parts either internally or 
externally. 

News of the 

Metal Markets 
COPPER, long a model for price sta- 
bilization, has taken a series of tumbles 
after successive attempts to hold the 
price. Its lowest, reached two weeks 
ago, was 1l4c. Foreign buying is good, 
sales increasing to Germany and Eng- 
land, but decreasing to France, accord- 
ing to Metal & Mining Markets. 

TIN stock increases worry producers 
in spite of attempts at a cartel, and lack 
of demand sent the price to 29.75c. on 
June 23. Rumors of a shutdown during 
July and August have pulled prices to 
31c., in spite of the Bureau of Stand- 
ards’ announcement that future trends 
are toward copper-lead alloys. 

LEAD buying is. active at reduced 
prices. Cable makers. are buying it now 
for August delivery at about 5.25c., 
for the price, now- below Europe’s 
quotations, is not expected to drop. 

ZINC continues downward. Its price 
has dropped occasionally to 4.20c., but 
even at that price the weather strip- 
makers, who must soon prepare for 
winter, won’t take it. Also, for the first 
time in two years, aluminum prices have 
dropped to 23.3c., but the market is off 
tor metals in general. 

Boring a hole 9 ft. deep in 14 min., this Sullivan 

electric drill is driven and controlled by a Westing- 

house explosion-tested motor and control equipment 
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IN THE SPOTLIGHT— 
K G. MacKENZIE, consulting 

¢ chemist for The Texas Company, 
New York City, was elected president 
of the American Society for Testing 
Materials at the recent annual meet- 
ing. CLoyp M. CHAPMAN, consulting 
engineer of New York City, was 
elected vice-president. Members of the 
executive committee include: G. A. 
REINHARDT, director of metallurgy and 
research, Youngstown Sheet & Tube 
Company; H. N. VAN DEUSEN, ma- 
terials engineer, Bell Telephone Lab- 
oratories; Zay JEFFRIES, consulting 
metallurgist, Aluminum Company of 
America; H. H. Quimpy, consulting 
bridge engineer, Philadelphia ; and F. H. 
JACKSON, senior engineer of tests, U. S. 
Bureau of Public Roads. 

W. L. Axsrort, chief operating engi- 
neer of the Commonwealth Edison Com- 
pany and past-president of the A.S.M.E., 
is a leading personality in the organiza- 
tion of the new Chicago Bank of 
Commerce. 

Pror. RoserT M. ANDERSON, for more 
than 20 years professor in the depart- 
ment of mechanical engineering at 
Stevens Institute of Technology, Hobo- 
ken, will retire at the end of this year. 

GARDNER C. ANTHONY, for 34 years 
dean of the engineering school at Tufts 
College, Mass., president and vice-presi- 
dent of the Society for the Promotion of 
Engineering Education, has recently 
been made a member of its council. 

WALTER D. APPEL, formerly chief 
engineer with Vauxhall Motors, Ltd., of 
Luton Bedfordshire, England, is now 
product engineer with the General Mo- 
tors Export Company, New York City. 

Max BAKER has resigned from the 
Oakland Motor Cars Company, Pontiac, 
Mich., and has become an engineer with 
the Waco Aircraft Company, Inc., Troy 
Ohio. 

MONSIEUR BERLAND, chief of service 
of the Fabrique Nationale d’Armes de 
Guerre of the Belgian Government, will 
arrive this month in advance of the ex- 
pected visit of French, Belgian, and 
Swiss engineers and manufacturers who 
are slated to arrive in New York City 
on July 20 to make a tour of American 
engineering establishments and machine 
tool shops, under the auspices of the 
Engineering Study Tour Committee. 

H. Boyp Brypon, chief mechanical 
engineer of the Byllesby Engineering & 
Management Corporation and for 21 
years a member of the Byllesby organ- 
ization, resigned recently. 

J. A. CALLAHAN, formerly vice- 
president and general manager of the 
Partin-Parry Corporation and later 
manager of the Buffalo plant of the 
Curtiss-Wright Corporation, has become 
associated with the Briggs Manufactur- 
ing Company, Detroit, in charge of new 
development. 

R. C. CALLAHAN, formerly with the 
Oakland Motor Car Company, Pontiac, 
Mich., has become an engineer with the 
Stromberg Carburetor Company, De 
troit. 

HARRY ELLSWORTH CLIFFORD, since 
1909 Gordon McKay professor of elec- 
trical engineering, has been appointed 
dean of the Harvard Engineering School 
to succeed the late Hector J. Hughes, 
who died on March 1. Dean Clifford 
will take office immediately. 

Dr. Cart T. Compton, noted scien- 
tist, research student and contributor to 
pure and applied physics, was inaugu- 
rated as eleventh president of the 
Massachusetts Institute of Technology 
on June 7. Dr. Compton succeeds Dr. 
Samuel W. Straton, who retires to be- 
come chairman of the Corporation of 
the Institute. l 

A.S.T.M. Officers for 1931 

K. G. Mackenzie 

11] G. A. Reinhardt 

H. N. Van Deusen 
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Tuomas A. EpIson was recently pre- 
sented with a gold medal commemorat- 
ing the golden jubilee of his incandescent 
lamp by the Argentine Association of 
Electro-Technicians. 

Epwin G. EGNER, consulting engineer 
of the H. H. Franklin Motor Manufac- 
turing Company, Syracuse, N. Y., died 
recently in a Rochester hospital follow- 
ing an operation. 

FRANK L, EIDMANN has resigned as 
associate professor in the school of en- 
gineering of Princeton University to 
become professor of mechanical engi- 
neering at Columbia University. 

GUISEPPE FACCIOLI, associate man- 
ager of the General Electric Co., Pitts- 
field, Mass., has retired from the com- 
pany after being connected with it for 
25 years. He has long been regarded 
as one of the foremost electrical engi- 
neers of the country. 

Hersert G. FALes, formerly indus- 
trial engineer with E. I. du Pont de 
Nemours Company, Wilmington, Del., 
has become assistant to the vice-presi- 
dent of the International Nickel Com- 
pany, New York City. 

Wayne H. FARNSworTH, until re- 
cently experimental engineer at the 
Berkeley (Calif.) plant of the Hall- 
Scott Motor Car Company, has been 
transferred to New York City, where 
he is engaged in sales and service work. 

T. W. HALLERBERG has become a de- 
signer with the Pickwick Motor Coach 
Works, Englewood, Calif. He was 
previously chief engineer of Lubrication 
Devices, Inc., Battle Creek, Mich. 

Frank B. HanrFoRrD, until lately an 
independent consulting engineer, is now 
in the sales division of Beers & De 
Long, New York City. 

J. A. HARLAN, mechanical engineer, 
and for the last two years sales manager 
for the distributors’ division, Frigidaire 
Corporation, has been made vice-presi- 
dent in charge of sales. Mr. Harlan 
has been connected with General Motors 
since 1915 when he joined the engineer- 
ing department of the Buick Motor Car 
Company. He also helped design the 
first farm lighting plant of the Dayton 
Engineering Laboratories (Company. 
E. R. Godfrey, formerly superintendent 
of the generator plant of the Delco- 
Remy Corporation, Anderson, Ind., has 
been appointed vice-president in charge 
of production. Mr. Godfrey was em- 
ployed in the tool design department of 
the Remy Electric Company in 1913, 
and since that time has held various 
engineering and production positions. 

Dr. O. E. HARDER, in charge of metal- 
lography at the University of Minne- 
sota, has been appointed assistant direc- 
tor of the Battelle Memorial Institute, 
Columbus, Ohio. He is a specialist in 
physical metallurgy, heat treatment, and 
allied subjects, the work being con- 
ducted at the Institute by the Alloys of 
Iron Committee of the Engineering 
Foundation. 

Cart H. Morken, formerly plant 
metallurgist of the Ohio Brass Company, 
Mansfied, Ohio, has been appointed 
foundry engineer for the Detroit Electric 
Furnace Company. 
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Roy V. WRIGHT, managing editor, 
Railway Age, New York City, was re- 
centily announced as nominee for presi- 
dent of the A.S.M.E. for 1931. At the 
same time the nominating committee an- 
nounced the names of William A. Han- 
ley, chief engineer of the Eli Lilly & Co., 
Indianapolis, Ind.; Thomas R. Wey- 
mouth, president of the Oklahoma Natu- 
ral Gas Corporation, Tulsa; and Harvey 
N. Davis, president of Stevens Institute 
of Technology, Hoboken, as the nominees 
for vice-presidents. Nominees for man- 
agers include: W. L. Batt, president 
of SKF Industries, New York, N. Y.; 
W. L. Doolittle, chief designing engi- 
neer of the Southern California Edison 
Company, Los Angeles; and H. L. 
Whittemore, mechanical engineer, U. S. 
Bureau of Standards, Washington, 
D. C. American Engineering Council 
delegates nominated included: W. R. 
Webster, vice-president of the Bridge- 
port Brass Co., Bridgeport, Conn.; Mr. 
Wright; Joseph W. Roe, professor of 
industrial engineering, New York Uni- 
versity; D. Robert Yarnall, vice-presi- 
dent and treasurer of the Yarnall-War- 
ing Company, Philadelphia; E. N. 
Trump, Syracuse, N. Y.; B. E. Hull, 
president of the Texas Pipe Line 
Company, Houston; E. O. Eastwood, 
professor of mechanical engineering, 
University of Washington, Seattle; 
Walter Trinks, professor of mechanical 
engineering at the Carnegie Institute 
of Technology, Pittsburgh; Warner 
Seely, secretary of the Warner & Swa- 
sey Company; and William S. Conant, 
consulting engineer of Washing- 
ton, D. C. 

Joun Lyte HArrINGTON, senior 
member of the firm of Harrington & 
Cortelyou, Kansas City, Mo., and past 
president of the A.S.M.E. was honored 
at the recent commencement exercises 
of the Case School of Applied Science 
when the degree of Doctor of Engineer- 
ing was conferred upon him. Mr. Har- 
rington is known for his work in the 
designing of bridges. 

Apour R. HorF, Jr., engineer of the 
Rolls-Royce-Brewster Company, Inc., 
Long Island City, N. Y., recently be- 
came an assistant plant engineer with 
the Celanese Corporation of America. 

RoLtanp M. Hussey, superintendent 
of the wire mills of the Jones & Laugh- 
lin Steel Corporation, Aliquippa, Pa., 
was elected president of the Association 
of Iron & Steel Electrical Engineers at 
the annual convention recently. 

S. JoHNson, JR., who has been with 
the Westinghouse Air Brake Company, 
Pittsburgh, as general engineer in the 
automotive works division, has recently 
been made chief engineer of the Bendix- 
Westinghouse Air Brake Company. 

Ertc LANGLANDS is now chief engi- 
neer and general manager of the Con- 
tinental Coach Corporation, Washing- 
ton, D. C. He previously held a similar 
position in the Cleveland engineering 
offices of the Majestic Car Corporation. 

CHARLES A. WHEELER, professor of 
mathematics and college engineer of the 
Connecticut Agricultural College, has 
retired after 33 years of service. 

A.S.M.E. Nominees 

Roy V. Wright 

* 

William A. Hanley 

a 

Harvey N. Davis 
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WILLIAM S. LeEe, consulting engineer 
and president of the W. S. Lee Engi- 
neering Corporation, Charlotte, N. C., 
was elected president of the A.I.E.E. 
for the year beginning Aug. 1, 1930, 
according to an announcement at the 
annual meeting of the Institute held at 
Toronto, Ont., on June 23. Other offi- 
cers elected were: Vice-presidents, 
I. E. Moultrop, Boston, Mass.; H. P. 
Charlesworth, New York City; T. N. 
Lacy, Detroit, Mich.; G. C. Shaad, 
Lawrence, Kans.; H. V. Carpenter, 
Pullman, Wash. Directors were: A. B. 
Cooper, Toronto, Ont.; A. E. Knowl- 
ton, New York City; R. H. Tapscott, 
New York City. National treasurer 
George A. Hamilton, Elizabeth, N. j., 
was re-elected. 

CHĦarLeEs H. Lınpsay, until recently 
resident engineer with the American 
La France & Foamite Corporation, Inc., 
Cleveland, has been transferred to de- 
velopment work at the company’s Elmira, 
N. Y., plant. 

Epwarp B. McCune has resigned as 
designing engineer for the Chrysler 
Corporation, Detroit, and has joined the 
engineering staff of the commercial car 
division of the Studebaker Corporation, 
South Bend, Ind. 

J. P. MILLER is now a designer with 
Duesenberg Brothers, Indianapolis. He 
was previously a design draftsman for 
the Horace E. Dodge Boat Works, 
Detroit. 

Frank C. Mocxk, engineer with the 
Bendix Aviation Corporation, South 
Bend, Inc., has been transferred to the 
Eclipse Aviation Corporation, division 
of the Bendix Aviation Corporation, at 
East Orange, N. J. 

A. C. MuwnNInG, formerly research 
director of the Hanson-Van Winkle- 
Munning Company, Matawan, N. J., is 
now vice-president in charge of engi- 
neering of Munning & Munning, Phil- 
adelphia. 

Lewrs Morcan PoRrTER, formerly a 
member of the engineering department, 
aircraft division, of the Lycoming Manu- 
facturing Company, Williamsport, Pa., 
is now research engineer in the auto- 
motive laboratory of the Vacuum Oil 
Company, Paulsboro, N. J. 

Grant K. PAtscGrove, professor of 
hydraulic engineering at Rensselaer 
Polytechnic Institute, has recently been 
elected president of the Society of Engi- 
neers of Eastern New York for 1930-31. 

R. E. PLIMPTON has terminated his 
associate-editorship with Bus Transpor- 
tation to undertake transportation engi- 
neering duties with the White Company, 
Cleveland, particularly in connection 
with motor-coach work. 

E. G. Soasm has become mechanical 
engineer in development work with the 
Du Pont Ammonia Corporation of 
Belle, W. Va. He was formerly in the 
sales division of the Toledo (Ohio) 
Machine & Tool Company. 

Harvey E. TYLER, formerly research 
engineer with the Stewart-Warner Cor- 
poration, Chicago, has accepted a similar 
position with the Weaver Manufactur- 
ing Company, Springfield, TI. 
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G. W. Spicer has been nominated for 
treasurer of the Society of Automotive 
Engineers for 1931. Vice-presidential 
nominees include: Dr. GrorcGeE W. 
Lewis (Aircraft), ARTHUR Nutt (Air- 
craft engines), W. S. JoacuiM (Diesel 
engines), J. A. C. WARNER ( Passenger 
car), C. B. Parsons (Passenger-car 
body), A. K. BrumpBauGu (Produc- 
tion), F. K. GLYNN (Transportation). 
For councilors, to serve for two years, 
the appointees are: S. F. DEUSENBERG, 
NORMAN SHIDLE, and C. R. T1itston 

Harry J. RicHARDs, now chief engi- 
neer of the Atterbury Motor Car Com- 
pany, Buffalo, recently assumed his posi- 
tion after leaving the Larrabee-Deyo 
Motor Truck Company, Binghamton, 
N. Y., of which he was vice-president 
and chief engineer. 

A. A. Ross of the General Electric 
Company, Schenectady, N. Y., and for- 
merly chairman of the Herringbone 
Gear Committee of the American Gear 
Manufacturers’ Association, was unani- 
mously elected chairman of the General 
Standardization Committee of that as- 
sociation recently to succeed B. F. 
Waterman, new president. 

FREDERICK Henry Royce, founder, 
director, and chief engineer of Rolls- 
Royce, Ltd., who designed the engines 
of the Supermarine S-6 in which Flight 
Lieut. Waghorn won the Schneider Cup 
last summer, received a baronetcy as 
one of the rewards in King George 
V’s recent “birthday honors” list. 

FREDERIC SALTZMAN is now a mem- 
ber of the engineering and planning 
press division of the General Electric 
Company, Lynn, Mass. His former con- 
nection was with the W. F. Stewart 
Company, Flint, Mich., as a die designer. 

N. N. Sinitsin, formerly head of the 
stress analysis department of the Sikor- 
sky Aviation Corporation, Stratford, 
Conn., has been appointed head of he 
engineering department to succeed 
KENNETH B. BLAKE, resigned. 

Scott TuRNER, director of the U. S. 
Bureau of Mines, Washington, and vice- 
president of the A.I.M.E., was one of 
the American delegates to the World 
Power Conference at Berlin. 

ERNEST KURT vox BRAND, formerly 
research engineer in the dynamics sec- 
tion of the General Motors Corporation 
Research Laboratories, Detroit, has be- 
come an associate editor of the Engi- 
neering Index of the A.S.M.E., New 
York City. 

Meetings 
National Metals Congress—Stevens Hotel, 

Chicago, Sept. 22-26. W. H. Eisen- 
mann, 7016 Euclid Ave., Cleveland, di- 
rector. Meetings in connection : 

American Welding Society—Fall meeting, 
Congress Hotel. 

A.S.M.E.—Iron & Steel and Machine Shop 
Practice Divisions, Stevens Hotel. 

A.ILLM.E.—Iron & Steel and Institute of 
Metałs Divisions, Stevens Hotel. 

A.S.8.T.—Annual Convention, Stevens Hotel. 

S.A.E. Nominees 

G. W. Spicer 

Arthur Nutt 

HI] 
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Obituaries 
a seen A. Sperry, 69, inventor 

and engineer and _past-president 
of the A.S.M.E., died suddenly on 
June 16. Mr. Sperry’s name is asso- 
ciated with the development of the elec- 
trical industries of this country, al- 
though he is probably best known for 
his interest dating from 1896 in the 
gyroscope for which he developed many 
practical uses. 

Pror. WiLL1AM H. Bristot, 70, in- 
ventor of the Bristol phone and numer- 
ous recording instruments, and presi- 
dent of the Bristol Company, Water- 
bury, Conn., died on June 18. 

Coker F, Criarxson, 60, secretary 
and general manager of the Society of 
Automotive Engineers for the past 20 
years, died on June 4 of heart disease 
at his home, Sleepy Hollow Farm, 
Scarborough-on-Hudson, N. Y. 

WILLIAM E. NIcKERrson, 77, inventor 
of the machinery with which Gillette 
safety razors and blades are made, died 
on June 5 at his home in Boston. 

Horace M. Jerome, chief engineer 
of the U. S. Pressed Steel Company, 
Ypsilanti, Mich., died recently at his 
home in Ann Arbor, Mich. 

Joun S. Mappicks, 71, an engineer 
with the H. H. Franklin Manufactur- 
ing Company, Syracuse, N. Y., for 27 
years, and a department superintendent 
for the past 11 years, died recently at 
his home in that city, following a short 
illness. 

Otto P. KAMSCHULTE, 55, tool and 
machinery designer and production ex- 
pert, died recently at his home in Mil- 
waukee. 

G. B. BLAKELY, 86, who was said to 
have constructed and operated the first 
artificial ice plant, died at his home in 
Eufaula, Ala., on June 12. 

Witi1am G. Gorpon, mechanical and 
electrical engineer associated with the 
Canadian General Electric Company, 
and president of the Engineers’ Club in 
Toronto, died in that city on May 14 
following a short illness. 

Witi1AM H. Ke ty, 66, inventor of 
“Kelly Metal,” an alloy of lead and 
copper used in airplane, automobile, and 
marine engine bearings, died on June 6 
at his home in Los Angeles. 

Epwarp T. Cup, 58, Philadelphia, 
engineer prominent in the ship building 
and foundry industries, died on June 8 
in that city after an illness of six 
weeks. 

Epwarp B, Cow es, 43, engineer as- 
sociated since 1924 with the American 
Engineering Company, Philadelphia, 
died in New York City on June 8. 

CAMPBELL P. HiGGINns, inventor of 
various steam boiler improvements, died 
at his home in Roselle, N. J., on May 29. 
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Research and Engineering 

in the Capital 

By PAUL WOOTON 
Washington Correspondent 

OMPREHENSIVE tests of all 
types of screw-thread locking de- 

vices are ready to begin at the Bureau 
of Standards now that special testing 
machines have been built. Although 
several thousand patents have been is- 
sued on such devices, this is the first 
general survey as to the field of use and 
locking values of individual types. It is 
proposed eventually to report the find- 
ings with the different devices desig- 
nated by drawings and symbols with- 
out the use of trade names. Thus, an 
engineer can pick the type best suited 
to his purposes. The Dardelet thread 
lock will be included in the survey. The 
work is under the research associate 
plan. More than thirty companies so 
far have agreed to participate. G. W. 
Nusbaum of the bureau’s engineering 
materials division is in charge of the 
work. 

Four testing machines have been de- 
signed and constructed at the bureau. 
One measures the torque required to 
produce a working tension on the bolt 
and that required to back the nut away. 

Another is to oscillate one clamped 
part, with respect to another, simulat- 
ing a severe operating condition, to see 
whether the nut will loosen in use. 
Another machine will lock and unlock 
the samples repeatedly to see how many 
times they can be used without impair- 
ment of their functioning. A fourth 
machine will rapidly increase and de- 
crease tension. Strains in the different 
tests will be observed by Tuckerman 
optical strain gages. 

Trial runs have been made to test 
the machines but the main series of 
tests is yet to begin. The bureau is ac- 
cepting samples from firms interested 
in the investigation. These are being 
sent in lots of 100 locking devices of a 
given type to fit 3-in. bolts, for which 
size the machines were designed. 

XPERIMENTS in the development 
of a non-tin base bearing metal, 

now going on at the Bureau of Stand- 
ards, have progressed to the extent of 
the establishment of a comparative 
standard by which these substitute bear- 
ings may be judged. A base line has 
been arrived at in the laboratory tests 
for the tin-base alloys as regards wear 
resistance, impact resistance, hardness 
and resistance to pounding. Service 
tests, in army trucks, for checking the 
laboratory results, will be begun within 
the next two months. 

Future tendencies will be toward the 
use of copper-lead alloys, it is believed. 
wo reasons are advanced for this 

trend: lesser cost of the lead as com- 
pared with British-controlled tin, and 
the advantages of the low flash point 
of the lead in cases of lubrication failure. 
If the bearings contain a high enough 
percentage of lead or tin, some metal- 
lurgists hold, they can run dry for a 

time without scoring the shaft, by virtue 
of the lubrication furnished by the 
melted tin or lead, while the harder 
metal matrix holds its shape. This char- 
acteristic is considered of particular 
value for high-speed pleasure cars. 

Having established a base line the 
Bureau of Standards metallurgists will 
now start work with the copper-lead 
alloys, using compositions grading as 
high as 50 per cent lead. Their investi- 
gations are being made at the request 
of the War Department. Although 
closer tolerances and more detailed ma- 
chine work are required with the copper- 
lead alloys they are being used with 

Py 

One of 

chines. 

the screw-thread testing ma- 

This one measures torque required 

to produce working tension on the bolt 

and that required to back the nut away 

increasing frequency in aviation motors 
because of their potential value in the 
eventuality of a break-down in the lubri- 
cation system. The melting point of 
tin is 231 deg. C., that of lead 327 deg. C., 
while copper melts at 1,081 deg. C. 

ITH increasing use of steel cast- 
ings for industrial purposes, more 

exacting demands as regards specifica- 
tion are being made, according to the 
Bureau of Standards. Higher strength 
and ductility are required. Foundrymen 
are often called on to produce castings 
having a minimum strength of 60,000 1b. 
per sq.in., a stretch of 24 per cent on 
a 2-in. gage of .505 in. in diameter with 
a reduction in cross-sectional area of 
35 per cent. These properties can 
usually be obtained if castings are 
poured in dry or core sand molds. Green 
sand or moist sand molding, however, 
is usually desired for most work. With 
the customary moist sand molds, it is 
frequently found that “pin holes” occur 
at places where the moisture is trapped. 
If aluminum is added to the steel shortly 
before pouring (about 1 Ib. per ton) 
the porosity trouble is usually overcome, 
the resulting castings having lower duc- 

tility than if aluminum was not added. 
In some preliminary work at the 

Bureau of Standards a study was made 
of the strength, ductility, and soundness 
of steel castings, involving many foun- 
dry variables. If the composition is 
maintained between 0.10 and 0.17 per 
cent carbon, the manganese between 
0.60 and 0.70 per cent, and the silicon 
between 0.30 and 0.40 per cent, the 
addition of the customary aluminum 
shortly before pouring will give steel 
castings which are usually within the 
specified limits of ductility after the 
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heat-treating operation. When the car- 
bon is too low there is a danger of not 
meeting the tensile strength requirement. 

The variables having the greatest 
effect on ductility were found to be the 
metals used for “degasification” or “de- 
oxidation.” None of these “deoxidizers” 
such as: ferro-boron, silicon, beryllium, 
etc., were superior to aluminum in pro- 
ducing soundness. 

Westinghouse Dedicates 
Engineering Laboratory 

A modern innovation, the “electric 
eye,” was utilized in the laying of the 
cornerstone of the new $2,000,000 engi- 
neering laboratory of the Westinghouse 
Electric & Manufacturing Company at 
East Pittsburgh, Pa., on June 10. As 
vice-president W. S. Rugg placed a 
model of a cornerstone in place on the 
speaker’s stand, the cornerstone itself 
was placed automatically by means of 
a photo-electric cell. The structure will 
be of arc-welded construction, 11 stories 
tall, and housing 25 development lab- 
oratories. 

Atlantic City Host 
To Two Conventions 

Approximately 10,000 railroad men 
and guests were registered for the an- 
nual conventions of the Mechanical Di- 
vision, the Purchases and Stores Divi- 
sion, and the Motor Transport Division 
of the American Railway Association, 
at Atlantic City from June 18 to 25. 
In connection, the Railway Supply 
Manufacturers’ Association held an ex- 
hibit, for the first time in the new Audi- 
torium. The Timken-equipped locomo- 
tive and a tank car with entire under- 
frame and bottom sheet cast integral 
were among the track exhibits, and a 
variety of new designs in railway equip- 
ment made up those in the interior. 

A symposium on aircraft materials 
was an outstanding feature of the an- 
nual meeting of the American Society 
for Testing Materials from June 23 to 
27, also at Atlantic City. Seventeen 
papers comprising a resumé of data 
and tests in the principal materials of 

aircraft construction were included. 

More than 1,100 engineers registered 

for the sessions, Another important ses- 
sion was that on non-ferrous metals, 
held on the evening of June 26, at which 
ten papers and reports were presented. 

Lukenweld Incorporated 
To Supply Welded Parts 

Announcement has been made by 
Robert W. Wolcott, president, Lukens 
Steel Company, Coatesville, Pa., of the 
entry of this company into the field of 

supplying welded steel construction to 

manufacturers of machinery and equip- 
ment. Operations in the field will be 
carried on by a subsidiary, Lukenweld, 
Incorporated, which will have manufac- 
turing space at the Coatesville plant. 
G. D. Spackman is president of the new 
organization. 
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Nathan 

Mechanical Lubricators 

Five different types of mechanical 
lubricators for industrial applications 
have been placed on the market by 
the Nathan Manufacturing Company, 

250 Park Ave., New York, N. Y. 
Among the features of these lubrica- 
tors are: ease and accuracy of regu- 
lating the quantity of lubricant de- 
livered; positive operation under all 
conditions; simple mechanical con- 
struction eliminating all valves; uni- 
form lubricant delivery at slow 
speeds, and wide range of pressures. 

The type D lubricator, illustrated 
in Fig. 1, has a positive piston mech- 
anism and visible piston indicator. It 
is arranged for from one to 38 feeds, 

Fig. i—Nathan 

Mechanical 

visible piston indicator 

Type D 

Lubricator with 

Fig. 2—Nathan Type DSI Me- 

chanical Lubricator with visible 

piston indicator and sight feed 

AND 

ENGINEERING 
EQUIPMENT 

and is equipped with an oil reservoir 
and either ratchet or rotary drive for 
right-hand or left-hand rotation or 
both. The necessity for using a sight 
feed instrument is eliminated and the 
machine is recommended for ma- 
chine tools, presses, and other equip- 
ment where an attendant is not avail- 
able to check the amount of lubricant 
delivered. A similar type, the model 

DS1, illustrated in Fig. 2, is distin- 
guished from the type D by the sight 
feeds. It is advocated only for cylin- 
der lubrication and extreme cases. 
The model D lubricator will work 
against pressures from 500 to 2,800 
lb. per square inch. 

Smaller lubricators are available in 
types P, PK, and PS, illustrated re- 
spectively in Figs. 3, 4 and 5. The 
type P lubricator has from one to 
eleven feeds, but is not supplied with 
an oil reservoir. It is also suitable 
for ratchet or rotary drive and may 
he built into small or medium-size en- 
gines or machines. The device adapts 
itself readily to all conditions of 
driving mechanism and piping. 

The type PK lubricator is similar 
in construction to the type D, but is 
more compact and especially adapted 
for small machine tools and equip- 
ment. All pistons are actuated by 
means of an eccentric shaft and a 
lifting disk. The type PS is similar 
to the type P, but is provided with a 
suction tube. 

“TF S s” 

16-18 Chromium Steel 

THE United States Steel Corpora- 
tion is now engaged, through its sub- 
sidiary companies, in the production 
and finishing of “U’S S” chromium 
steel 16-18. A series of compositions 
or grades will be available, so that 
a variety of requirements may be 
met from both the standpoint of 
physical properties and chemical 
characteristics. 

+ 

Fig. 3—Nathan Type P Me- 

chanical Lubricator especially 

adapted for built-in construction 

adjacent to an oil reservoir 

Fig. 4-—Type PK, similar to 

the Type D, but more compact 

Fig. 5—Nathan Type PS Me- 

chanical Lubricator with suc- 

tion tube to remote reservoir 
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“Duronze” 

A Silicon Bronze 

DUCTILITY comparable to that of 
copper and great acid resistance are 
properties of “Duronze” marketed 
by the Bridgeport Brass Company, 
Bridgeport, Conn. The tensile 
strength varies from 42,000 lb. per 
sq. in., in the annealed condition to 
130,000 Ib. per sq. in. when severely 
cold drawn. Cold drawing, however, 

does not make Duronze brittle, such 
as is characteristic of hard-worked 
brass and nickel silver. It is claimed 
that no matter how hard the material 
is worked and under what continu- 
ous stresses it is subjected, it does not 
season or corrosion crack when ex- 
posed to weathering. For this rea- 
son, it is suitable for use on outdoor 
apparatus. 

Duronze is available in sheet, strip. 
rod, and wire. It can be hot and cold 

rolled, forged, formed, cupped, 
drawn, machined, threaded (both 
rolled and cut), pierced, bent, sol- 
dered, brazed, welded, buffed, and 
plated. 

Duronze does not stiffen up as 
quickly as phosphor bronze when 
cold worked and can be used in place 
of the latter for certain types of 
springs. It is also useful as an acid- 
resisting material to be fabricated 
into wire screen cloth, perforated 
metal screens, and parts of pumps 
for handling corrosive liquids. 
By varying the amount of cold- 

working, Duronze can be furnished 
in a wide variety and range of physi- 
cal characteristics. Elongations in 
2 in. up to 50 per cent are available, 
together with considerable reduction 
in area. 

Bussman 
High-Pressure Pumps 

INCORPORATION directly into 
the driven machine without the use 
of an accumulator system is a fea- 
ture of the Bussman Type BM high- 
pressure pump marketed by the 
Index Machinery Corporation, 49 
Central Ave., Cincinnati, Ohio. This 
pump has been developed by Wilhelm 
Bussman, Muenchen, Germany. It 
combines a low-pressure stage and a 
high-pressure stage giving 4,200 Ib. 
per sq.in. as the maximum. The low- 
pressure stage gives a large delivery 
of oil for filling the cylinder and the 
high-pressure stage gives small oil 
delivery for feeding purposes. The 

change from low to high pressure is 
made in four to five seconds by an 
automatic valve. 

The pump is driven either by an 
electric motor with reduction gears or 
from the line shaft. It may be placed 
in the oil container of the machine or 
in the base as required. Nine sizes 
are available to give 4.6 to 25.6 gal. 

F g. 1 — Direct - connected 

motor drive through a plan- 

etary gear on a Bussman 

H'gh-Pressure Pump 

per minute at the low-pressure stage 
and from 0.30 to 5.30 gal. per min- 
ute at the high-pressure stage. 
Motors required range from 1 to 
17.5 horsepower. 

As shown in Fig. 2, the hydraulic 
pressure pump unit is driven by a 
standard motor and centrifugal 
clutch. In Fig. 3 the low-pressure 
pump 4 is of the centrifugal type 
with vanes, whereas 
the high-pressure 
pump B is of the 
plunger type with 
eight short stroke 
pistons (2). The 
whole unit is driven 
by one shaft (3), 
which is connected 
with the motor D 
through planetary 
speed - reduction 
gears C. Oil comes 
through the suction 
pipe (4), passes 
through pipe (5) 
into the circular pipe 
(6) through valve 
(7) direct to the 
pressure pipe (8) 
leading to the ma- 
chine. When a pre- 
determined pressure 
is reached by the 
low-pressure pump 
A,theautomatic 
valve U comes into 
operation and moves 
piston (17) against 
the spring (21). 
This lowers the pres- 
sure in pipe (5) and 
circular pipe (6). 
whereby valve (7) is . 3—Schematic 
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closed, bringing the high-pressure 
pump B in operation. 

During the operation of low-pres- 
sure stage, the position of the double 
piston (17) is as shown in Fig. 3, and 
the oil flows through the channels (5, 
6 and 8). Channels 5, 18 and 19 
being under the same pressure, the 
spring tension holds valve (14) 
closed. When a predetermined pres- 
sure is reached, however, adjustable 
by screw (23) and controlled by the 
tension of spring (21), the piston 
(17) is forced against the tension of 
spring (21), closing channel (19) 
connecting pipe (18) with an over- 
flow pipe (22) and opening valve 
(14). When the pipe (18) is con- 
nected with the overflow pipe there 
is no pressure in pipe (18), and 
therefore the pressure in pipe (5) 
lifts valve (14), overcoming the 
spring and opening outlet (26). 

The low-pressure pump 4 forces 
the oil at a pressure of 40 Ib. per 
sq.in. through pipe (5) and circular 
pipe (6) into cylinders (9) through 
the inlet valve (10). Since the oil 
comes into the cylinders under pres- 
sure, the pistons (2) are held against 
the ball bearing on the eccentric (13) 
on the shaft (3). This eliminates 
the necessity of bringing the pistons 
back mechanically. The pistons (2) 
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Fig. 2—Cross-section of Bussman Hydraulic Pressure 

Pump shown in Fig. 1, but driven by a standard motor 

and centrifugal clutch 

diagram of Bussman Pump 



force the oil on the pressure stroke 

through the outlet valve (11) into 
the circular pipe (12), which is direct 
connected with the pressure pipe (8). 

Link-Belt 

Timkenized Pillow Block 

A SELEF-ALIGNING Timkenized 
pillow block has recently an- 
nounced by the Link-Belt Company, 
910 S. Michigan Ave., Chicago, IHI., 
and is available in commercial 
shaft ře in. up. Some 

of the features of the bearing are: 

ball and socket design for complete 

alignment; positive pressure lubrica 

been 

now 

sizes from | 

tion; adequate closures; double bear- 
ing construction; and the use of 

adapter sleeves 

\s the cross-sectional view shows, 

Link-Belt Timkenized Pillow 

Block available 

in. shaft sizes up 

in from 1%- 

the bearing elements consist of two 
Timken tapered roller bearings with 
inner races abutting and secured on 

the shaft by tapered adapter sleeves. 
These sleeves are tightened on the 
shaft by solid, threaded adjusting 

self-alignment 

a ball 

how Showing 

is obtained through 

and socket arrangement 
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collars, locked by setscrews. Ad- 
justment of the outer races of the 
bearings themselves is by a threaded 
cap on the smaller size pillow blocks 
and by a cap with shims and cap- 

on the larger sizes. Seal 
against the entrance of dirt is by 
three grease grooves and a labyrinth 
formed between the adjusting collars 
and tè housing ends. 

These bearings are designed for 
grease lubrication through an Alemite 
industrial fitting, piped to a point be- 
tween the two Timken bearings. 
When fresh lubricant is forced into 
the bearing, the old grease is forced 

Screws 

out the closures at each end, carrying 
with it any dirt present at those 
points. An aluminum dust shield 

surrounds the fitting. 

v 

“Dependable” 

Lubricating Systems 

HIGH-PRESSURE centralized lu- 
bricating systems designed for all 
types of machinery and capable of 
handling a wide variety of lubricants 
have been placed on the market under 
the trade name of “Dependable” by 
the Farfall Company, Detroit, Mich. 
This equipment will use any lubri- 
cants that will flow, the range being 
from heavy roller bearing mixtures 
down to the lightest of oils. Kerosene 
may be handled also, which makes 
it possible to flush out bearings. 

The four sizes of foot- and hand- 
operated models are claimed to 
cover the range of industrial needs. 
One pump assembly may be used for 
lubricating a battery of similar ma- 
chines. It. is also possible to have 
one pump assembly with two main 
pipe lines, one for high-speed bear- 
ings and one for low-speed bearings, 
a Shut-off being provided on one line. 
All pumps are provided with a filter 
screen to prevent the entrance of 
foreign matter, Pressure gages are 

also supplied. 

Pressures up to 2,000 Ib. per sq. 
in. are employed in the “Dependable” 
lubricating system. As shown in Fig. 
l, the pump plunger and the sliding 
piston valve are the principal moving 
parts. The action of the plunger 
when withdrawn causes the piston 
valve A to move toward the plunger 
until it strikes the bushing B, open- 
ing the passage C to the pump cylin- 
der D, allowing it to fill with lubri- 
cant. When the plunger E is brought 

+ PRODUCT ENGINEERING 

forward, the valve A closes and di- 
verts the lubricant to the compensat- 
ing valve F and the main feed line. 
Accessibility to all parts is a feature. 

The action of the lubricant meas- 
uring nipple is shown by Fig. 2. It 
is effected by the movement of the 
valve piston (3) moving forward 
under pressure built up by the pump, 
ejecting the lubricant from supply 

ILI, 

TQS 
CEN 

1 
ae? 

— aA UIUIA N] 
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va/ve 

Feed line“ 

hand- 

Lubri- 

showing 

Fig. 1—Cross-section of 

operated “Dependable” 

cating System Pump, 

the compensating valve 

section Fig. 

of Measuring Nipple 

2—Cross 

chamber (6) through the spring ball- 
check, valve passage. As the piston 
moves forward, it passes the meas- 
uring chamber recess (4), which is 
immediately filled with lubricant un- 
der pressure. When pressure is re- 
lieved at the pump and through the 
supply lines, the piston (3) returns 
to its normal position under spring 
tension, trapping a definite, measured 
quantity of lubricant in the measur- 
ing chamber recess (4). The return 
of the piston creates a vacuum in the 
supply chamber (6), drawing the 
entire supply from the measuring 
chamber recess into the supply cham- 
ber (6), ready for the next ejection. 

“Weldite” 
Fillet Putty 

Covering of unsightly weld beads 
is the function of “Weldite” fillet 
putty available from the Fusion 
Welding Corporation, 103rd St. & 
Torrence Ave., Chicago, Ill. This 
putty is used to give a smooth, neat 
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Neat appearance produced by 

an application of “Weldite” 

Fillet Putty over a weld 

bead, followed by painting 

appearing surface. It hardens 
quickly, adheres tenaciously, and is 
not loosened by shock or exposure. 
It is applied over the weld bead be- 
fore painting and becomes substan- 
tially as hard as iron which is one of 
its constituents. The putty is packed 
in 12 Ib. cans. 

oT & Ww” 

Conveyor Chain 

DROP-FORGED conveyor chain in 
two types has been placed on the 
market by the Transue & Williams 
Steel Forging Corporation, Alliance, 

Ohio. The standard chain is rivet- 
less and easily assembled. Pintles are 
claimed to be practically as strong 
as the links and to be interchangeable. 

The standard chain is made in five 
different weights per foot, which may 
he summarized as follows: No. 458, 
a 4-in. pitch, light type used for mis- 
cellaneous installations and adopted 
by the automobile industry as stand- 
ard; No. 468, a heavy 4-in. pitch 
chain; No. 678, a 6-in. pitch light 
chain for mining equipment ; No. 998, 
9-in. pitch light chain for heavy con- 
veying purposes, and the No. 9118, 
the largest rivetless chain made and 

used for unusually heavy conveying 

Link assembly of 

Standard Drop-Forged Conveyor Chain 

Transue & Williams 

operations. The weights range from 
3.11 to 16 lb. per lineal foot. 

The chain is assembled in 10-ft. 
lengths for easy handling. All 
weights of chain can be constructed 
from special heat- and acid-resistant 
metals. It is claimed that “T & W” 
chain will flex laterally as well as 
work around sprockets. It will travel 
freely on a 5-ft. radius curve. 

“Light Service” steel rivetless con- 
veyor chain is very light in construc- 

Rivetless 

Chain, which 

weighs 2.2 Ib. foot 

“Light Service” 

Conveyor 

per 

tion, the 4-in. pitch having a weight 
of 2.2 lb. per ft., and a permissible 
radius travel of 3 ft. Inasmuch as 
[-beams, trolleys, brackets, sprockets, 
traction wheels and other parts can be 
reduced correspondingly in size, the 
entire installation can be made at a 
saving of approximately 25 to 30 per 
cent. The construction also affords 
free movement to pintles, which 
permits wear on all surfaces and 
consequently longer life. The tensile 
strength is approximately 14,000 1b., 
whereas that of the standard chain 
ranges from 30,000 lb. up. When 
heat-treated, both types achieve one- 
half again as much strength. 

No. 8 Monel 

Metal Finish 

TO REPLACE those finishes for- 
merly known as Nos. 3 and 4, the 
Huntington (West Va.) mill of the 
International Nickel Company, 67 
Wall St., New York, N. Y., is now 
prepared to furnish a No. 8 Monel 

metal finish. It has a 
silver-satin appearance 
with more luster than 
both of the replaced 
finishes, but without 
the high reflectivity of 
the full-finished No. 5. 
It was developed to 
eliminate the need on 

. the part of fabricators 
for further polishing 
of their products after 
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manufacturing operations are com- 
pleted. 

The No. 8 finish is more attractive 
in appearance than the two finishes 
which it replaces. It can also be used 
instead of No. 5 for purposes where 
its satin surface can be maintained 
more easily than a mirror finish. 

Norgren 

Air-Line Lubricator 

INJECTION of lubricant into the air 
stream furnishing power to air-oper- 
ated tools is a function of the Norgren 
sight-feed, automatic, air-line lubri- 
cator distributed by J. N. Fauver 
Company, 31 Brady St., Detroit, 
Mich. This device is manufactured 
by the Carl A. Norgren Company, 
Denver, Colo. It is adjustable to 
any demand by means of a needle 
valve. 

It is claimed that 80 per cent of the 
reconditioning costs on air tools and 
machines are directly chargeable to 

Cutaway view of the Nor- 

gren Sight-Feed, Automatic, 

Air-Line Lubricator for air- 

operated tools 

lack of or indifferent lubrication. 
Where a Norgren air line lubricator 
is employed, however, it injects oil 
in the air line a drop at a time, which 
when it hits the air stream, is dis- 
sipated into a fog. Thus the air 
operating the device is saturated with 
oil, placing an oil film on the moving 
parts and maintaining it at all times. 
The device is manufactured in 3-, 4-, 
3-, and l-in. pipe sizes. 



“TJ 8 s” 

Chromium-Nickel Steel 

THE United States Steel Corpora- 
tion is now engaged, through its sub- 
sidiary companies, in the production 
and finishing of “U S S” chromium- 
nickel steel 18 and 8. A series of 
compositions or grades will be avail- 
able, so that a variety of require- 
ments may be met from both the 
standpoint of physical properties and 
chemical characteristics. 

“Gyro” 

Coolant Pump 

SIZES to furnish 10, 20, or 50 gal. 
per min. are available in the “Gyro” 
coolant pump developed by The 
Equipment Company, 6351 Brush 
St., Detroit, Mich. This pump has 
no packings to leak or screen to clog. 
It is always primed and the coolant 
cannot contact with the bearings. It 
is claimed that water is handled with 
equal efficiency. 

A variety of drives can be had to 
meet conditions. The drive shaft is 
integral with the counterweight, as 
shown in the accompanying cross- 
section, and the sealed ball bearing 
is packed with grease, permanently 

built 
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Photograph and 

cross-section of the 

“Gyro” Coolant Pump 

in capacities 

of 10, 20 and 50 gal. 

No pack- 

ings are employed 

per min, 

lubricated. The counterweight is 
balanced to eliminate vibration and 
chatter marks. It thus maintains 
concentric operation. 

The arches above the impeller are 
specially designed to eliminate swirl 
in the tank. Intake is by gravity 
feed and the outlets are standard 
pipe threads with plenty of clearance 
for elbows and nipples. 

“Titan” 

Speed Reducers 

ANTI-FRICTION speed reducers, 

known as “IXL Titans,” have been 
placed on the market by the Foote 

Bros. Gear & Machine Company, 
111 No. Canal St., Chicago, Ill. They 
are available with either herringbone 
or helical gears, the helical type 
having slight bearing modifications. 
Hoth single and double reductions are 
made, the herringbone models being 
designated as the Types SB and DB 
aud the helical as SX and DX re- 
spectively. The ratios are standard 
and apply to all sizes for each type 
of reducer. On types SB and SX, 
the ratios range from 2.87 to 9.9, 
and on types DB and DX from 9.95 
to 96.2. Spare parts are stocked. 

Many features in common are 
found on the herringbone and helical 
speed reducers. Ribs are provided at 

each bearing for rigid- 
ity. The inside of the 
upper case is ribbed at 
the top as an added 
precaution against 

longitudinal vibration. 
No gaskets are used 
between the halves as 
accurate machining 

makes this unneces- 
sary. Oil return 
grooves are provided 
at the bearings. 

High - speed shafts 
are mounted on ball 
bearings and slow- 

speed shafts on roller 
bearings. Efficiencies 
of the single-reduction 

98 per cent for low ra- 
tios and on the double- 
reduction units to 96 
per cent for low ratios. 

Heat - treated and 
hardened gears have 
been adopted in the 
helical reducers, giving 
greater load carrying 

units range as high as, 
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Heat-treated helical gears on 

this “IXL” Speed Reducer per- 

mit high output and compactness 

“Titan” Re- 

ducer of the double-reduction type 

Speed Herringbone 

capacity than the herringbone, size 
for size and weight for weight, be- 
cause the herringbone gears are not 
heat-treated. It is possible to obtain 
a horsepower rating on the slow 
speed shaft of the helical reducer at 
least 25 per cent higher than the 
rating for the herringbone reducer 
of the same size. The helical type 
is also capable of carrying consider- 
able thrust load. 

Reliance 

Runout-Table Motors 

SPECIAL motors for runout tables 
in steel and tube mills and for other 
conveyor work have been developed 
by the Reliance Electric & Engineer- 
ing Company, 1042 Ivanhoe Road, 
Cleveland, Ohio. These motors are 
designated as Type M and are each 
provided with a single, heavy, 
welded-steel support located so that 
a pulley-type roller keyed to the 
motor shaft can rotate around the 
body of the motor. Various shaped 
rollers to suit the material to be con- 
veyed can be used. 

On the above type of equipment 
the rollers are lined up in tandem, 
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the distance between them being 
governed by the material conveyed. 
An installation may require any num- 
ber of units, depending upon the dis- 
tance of travel and the roller spacing. 
The motors are fully inclosed and 

Runout - Table 

Motor fitted with a pul- 

Reliance 

ley-type conveyor roller 

are provided with asbestos and mica 
installation to withstand high tem- 
peratures. 

Conveyors consisting of individual 
motors with rollers have the advan- 
tage of flexibility. They can be 
changed or moved quickly with little 
effort. If a motor should fail, it will 
act as an idler roll, and not hold up 
production. Its replacement can be 
effected easily. 

“Seamlex” 

Metal Hose 

SEAMLESS metal hose in a l-in. 
size has been placed on the market 
by the Seamlex Corporation, 30 
Church St., New York, N. Y. The 
deep, double “S” corrugations ren- 
der this metal hose resistant to high 
internal as well as external pressures 
up to 10,000 Ib. per sq. in. and over. 
Flexibility is another feature, since 
the hose can be bent flat upon itself 
or at a radius of about } in. It is 
further claimed to resist vibrations 
and crystallization. 

Cutaway view of “Seamlex” All-Metal Hose 

NEW MATERIALS 

“Aeroloy” 

Light-Alloy Piston 

SEPARATION of the head from 
the skirt on the “Aeroloy” light-alloy 
piston eliminates skirt distortion and 
excessive wear. The flexible skirt is 
carried by a circular flexible support 
which reduces wall pressure and 
neutralizes expansion. Broad bear- 
ing surfaces are provided and clean 
lines with no undercuts permit easy 
manufacture (molding, machining, 
and finishing). 

The “Aeroloy” piston can be fitted 

Skirt distortion is eleminated on 

the “Acroloy” Light-Alloy Piston 

to within one or two thousandths 
without any danger of scoring and 
freezing. It is claimed that no piston 
slap or drag detracts from its per- 
formance. The Toledo Alloyed Cast- 
ings Company, Hamilton & Division 
Sts., Toledo, Ohio, is the producer. 

a 

General Electric 

Automatic Time Switches 

CLOSING and opening electric cir- 
cuits at short predetermined intervals 
and on a uniform schedule may be 
effected by the use of a Type TSA 
automatic time switch announced by 
the General Electric Company, 
Schenectady, N. Y. This switch will 

automatically energize 
a circuit to control in- 
termittent operation of 
electric equipment. 
The time cycle may be 
a few minutes or sev- 
eral hours and is re- 
peated continuously. 
Because of the short 
time of the cycle—one 
complete “on” and 
“off?” period—the 

347 

AND PARTS 

operation has no relation to the time 
of day. 

The time cycle depends upon the 
gearing used, and is fixed at the fac- 
tory. In certain forms, however, the 
relative amount of time “on” during 
the complete time cycle can be varied. 

The switches are of the single-pole 
type with one-way or two-way con- 

Short cycles can be controlled 

on a uniform schedule by the 

General : Electric Type TSA 

Automatic Time Switch 

tacts, and are rated at 5 amp. at 115 
volts, or 24 amp. at 230 volts. On 
circuits of higher ampere rating a 
magnetic switch can be employed in 
conjunction with the time switch. 

The contact-making device is 
driven by a Warren “Telechron” syn- 
chronous motor. 

“W eld-Built”’ 

Direct-Current Motors 

NO CASTINGS are employed in the 
“Weld-Built” d.c. motor announced 
by the Electro Dynamic Company, 
Bayonne, N. J. The field frame is 

built from forged steel stock and the 
bearing bracket is built from angle 
iron, channel, or bar stock with re- 
inforcing gussets at the welds. Ball 

“Weld-Built” 

available in sizes from 1 

te 75 hersepower 

D.C. Motor 
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or roller bearings are supplied, and 
can be assembled in a. two-piece 
cartridge clamped by the bearing 
bracket, thus insuring a minimum 
clearance. 

The armature can be removed 
easily from the motor and the shaft 
removed without disturbing the 
windings and commutator connection. 
Large vent spaces between the shaft 
and the armature core, as well as 
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between shaft and commutator, per- 
mit ventilation. Spaces between the 
armature coils and commutator and 
at each end plate are Kept clean by a 
strong air current. Balance is insured 
by the fact that no castings are em- 
ployed and special means have been 
devised for placing the form wound 
coils symmetrically in the armature. 
The machined rotating parts also aid 
in attaining balance. 

REVIEW OF RECENT PATENTS 
Parts and Mechanisms 

Patent 1,763,645 was assigned to The 
[Ingersoll Milling Machine Co., and 
covers a gear mechanism for use with 
a reciprocating type machine tool, 
whereby either a loose spur gear or a 
loose worm gear may be engaged by a 
clutch element. 

The Hudson Motor Car Co. is as- 
signee of patent No. 1,763,739 for a 
transmission mechanism for automo- 
biles. 

Patent 1,764,092 and 1,764,093 were 
assigned to Gould & Eberhardt for im- 
provements on shapers. The first per- 
tains to a new feed mechanism, and the 
second to the stroke adjustment. 

Patent 1,764,317 was assigned to the 
E. W. Bliss Co., and covers a centrifu- 
gal safety clutch. 

R. M. Company, Inc., was assigned 
patents 1,764,333, 1,764,334, and 1,764,- 
335 for inventions involving synchro- 
nized gear shifting for automobiles. 

To the Cincinnati Bickford Tool Co. 
were assigned patents 1,764,514 and 
1,764,515 for improvements in machine 
tools. The first covers an equalized 
arm clamp for radial drills, and the sec- 
ond a direct-reading gear-shift mecha- 
nism. 

The Limitorque Corporation is as- 
signee of patent 1,764,936 covering con- 
trol means for power-operated mecha- 
nisms consisting of a worm and wheel 
in connection with electrical contacts. 

To the Goss & De Leeuw Machine 
Co. was assigned patent 1,765,059 for 
an air-cushioned mechanism operated 
by two pistons and a double-acting 
valve. 

The Shawmut Engineering Co. is as- 
signee of patent 1,765,268 for a vari- 
able-speed transmission having adjust- 
able sheaves and tapered belts. 

A work support for sharpening cut- 
iery is the subject of patent 1,726,571 
granted to Harry G. Kelley, of Port- 
land, Ore., and covering a U-shaped 
member for holding work at each side 
bracket. 

Walter I. and Charles G. Rein, of 
Chicago, Ill., have been granted patent 
1.726.587 on a power polishing brush 

comprising a shaft and a yoke with its 
legs parallel to the shaft for impaling 
the brush body. 

The Westinghouse Electric & Manu- 
facturing Co. is assignee of patent 
1,726,663 on a means for automatically 
lubricating shaft bearings and including 
a casing, a pump for oil and a vacuum 
pump for drawing oil through the 
bearings. 

Patent 1,726,902, assigned to The 
Cleveland Graphite Bronze Co., relates 
to a hollow cylindrical mold having two 
removable elements, one forming the in- 
ner wall of a central chamber, and the 
other holding a series of spring pressed 
plungers. 

A quick-acting depth gage for use on 
drilling machines, provided with means 
for automatically disconnecting the 
transmission of power when a sleeve 
member nears the extreme end of its 
travel, is the subject of patent 1,727,607, 
assigned to the Cincinnati Bickford 
Tool Company. 

— 

PUBLICATIONS 

ALUMINUM Founpry Dara. The 
British Aluminum Co., Ltd., Adelaide 
House, King William St., London, 
E.C.4, England, with offices at Channin 
Bldg., 122 East 42nd St., New York 
City, has published a booklet “Alumi- 
num Foundry Data,” giving valuable 
information to the product designer on 
aluminum and aluminum alloys, typical 
aluminum alloy castings, and shop 
practice. Another booklet “Aluminum 
Alloy Castings” is also available. 

CorK IN MACHINERY ISOLATION. 
The Armstrong Cork & Insulation Co., 
Lancaster, Pa., has issued a folder en- 
titled “Data and Details for the Appli- 
cation of Armstrong’s Cork Machinery 
Isolation.” The principles are given, 
together with many drawings of-various 
applications. 

McGraw-Hitt Booxs — 1930 Cata- 
LOGUE. The McGraw-Hill Book Co., 
Inc., Penn Terminal Building, 370 
Seventh Ave., New York, N. Y., has 
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issued its 1930 catalogue on a very wide 
variety of engineering and scientific 
subjects. 

Morors, Inpucrtion. The Reliance 
Electric & Engineering Co., Ivanhoe 
Road, Cleveland, Ohio, has issued bul- 

letin No. 107 on “Fully-Enclosed Fan- 
Cooled Induction Motors, Type AA, 
Form F, with ball bearings, for two- 
and three-phase a.c. circuits.” 

PHospHor Bronze. The American 
Brass Co., Waterbury, Conn., has issued 
a catalog on “Anaconda Phosphor 
Bronze,” giving the principal properties 
and applications. 

STEEL. The Heppenstall Co., Pitts- 
burgh, Pa., has issued a booklet “Serv- 
ing Industry for Three Generations,” 
in which is mentioned its service in 
connection with steels and forgings. 

STEEL, ELeEcTRIC-INDUCcTION. The 
Heppenstall Co., Pittsburgh, Pa., has 
issued a catalog on “E.I.S.” electric in- 
duction steels, giving the qualities, 
chemical analysis, and other data. 

STEELS, ALLOY. The International 
Nickel Co., Inc., 67 Wall St., New 
York, N. Y., has published a reprint of 
a paper by Charles McKnight giving a 
discussion of the available increase in 
strength with decrease of weight by the 
use of alloy steel for railroad forgings, 
castings, and boiler plates, together 
with other considerations. 

Zinc. The St. Joseph Lead Co., 250 
Park Ave., New York, N. Y., has issued 
a catalog “Bunker Hill Zinc,” the metal 
being 99.99 + per cent pure. It is par- 
ticularly suitable for high grade brass, 
bronze, nickel, silver, and other copper- 
zinc alloys, as well as galvanized wire 
and die castings. 

ENGINE Desicn. The International 
Nickel Co., 67 Wall St., New York, 
N. Y., has reprinted a paper “Reducing 
Transportation Costs By Means of 
Engine Design,” by E. J. Hall, vice- 
president in charge of engineering, Hall- 
Scott Motor Car Co. It deals specifi- 
cally with motor bus engines, and 
emphasizes the part which alloy steels 
play in proper design. 

INSPECTED APPLIANCES. The Na- 
tional Board of Fire Underwriters, 
207 East Ohio St., Chicago, Ill., has 
issued two booklets as follows: “In- 
spected Electrical Appliances, April, 
1930” and “Inspected Automotive Ap- 
pliances, April, 1930.” 

MAIZOLITH—A CELLULOSE PRODUCT 
The U. S. Department of Commerce, 
Bureau of Standards, has issued Mis- 
cellaneous Publication No. 108, entitled 
“Manufacture and Properties of a Cellu- 
lose Product (Maizolith) from Corn- 
stalks and Corncobs.” This is a hard 
bonelike substance having a modulus of 
rupture of about 16,000 Ib. per sq.in. 
It is practically unaffected by oil, but 
becomes soft on prolonged soaking in 
water. It is used for molding. 

ee — — 
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EVEN basic copper-tin-lead bear- 
ing bronzes with high copper 

contents, and various other bronzes 
produced by adding zinc, phosphorus, 
nickel, and antimony, taken singly, to 
the same basic alloys, are here com- 
pared in a series of tests. The chem- 
ical composition of the various alloys, 
together with the tests used, are 
shown in the table on the following 
page. Various mechanical tests, in- 
cluding Brinell hardness, resistance 
to impact, resistance to repeated 
pounding, and resistance to wear, 
were applied, the general effects 
being summarized in the table at the 
bottom of this page, in this discus- 
sion, and in the charts on the fol- 
lowing page. 

Five groups of alloys were pre- 
pared. In the first group, the addi- 
tions were kept as low as practicable. 
In the four additional groups, ap- 
proximately the same ratios of 
copper-tin-lead were maintained as in 
the first group, but each group con- 
tained an additional metal. These 
additions consisted of zinc, 4 per 
cent; phosphorus, 0.05 per cent; 
nickel, 2 per cent, and antimony, 1 
per cent. Test castings were of rela- 
tively thin section to approximate 
actual bushing conditions. Casting 
conditions were kept as nearly con- 
stant as possible, because it was 
known that variations in these condi- 
tions might affect appreciably the 
properties of the bronzes. Special 
attention was given to the causes of 
bearing failure in service. 

Increases in the content of tin and 
lead, either collectively or separately, 
reduce the rate of wear. The fric- 
tional force between the bronze and 
the steel, as measured by the torque 
indicator, is also of value. Some 
of the specimens tested for wear re- 
sistance showed a tendency to “flat- 
wheel” or become out of round under 
test. Alloys having low resistance 
to pounding showed the greatest ten- 
dency toward this form of wear. 

Apparently, the co-efficient of fric- 
tion between a hearing material and 
an unlubricated journal has no ap- 

GENERAL EFFECTS OF THE ADDITIONS ON THE 

Wear Resistance 

Bearing Bronzes 
Effects of Changes of Composition 

parent relationship to the co-efficient 
of friction of the same bearing and 
shaft if adequate lubrication is main- 
tained. When lubrication is incom- 
plete, as during starting, or upon 
failure of the lubricant, the co-efh- 
cient of friction of the journal and 
bearing is of no importance. To 
minimize damage and seizure due to 
overheating a low co-efficient of fric- 
tion is desirable. 

The resistance to repeated pound- 
ing seems to increase as the ratio of 
copper to tin decreases. This was 
investigated only with tin contents as 
high as 15 per cent. Additions of 
lead might be expected to lower con- 
siderably the pounding resistance, 
but it should be remembered that the 
ratio of copper to tin is of prime 
importance, because it is largely the 
matrix of alloy that resists deforma- 
tion and not the free lead contained. 

The value of the Izod impact test 
for comparing bearing metals is 
largely dependent on the design of 
the bearing. Bearings completely 
supported need not be of high tough- 
ness, but toughness is important in 
a bearing that has overhanging 
flanges or unsupported parts that 
might be subjected to shock. Brinell 
hardness results on basic alloys show 
expected trends, which are an in- 
crease in hardness with an increase 
in tin content and a gradual decrease 
in hardness with a progressive in- 
crease in lead content. No definite 
relation has been found between 
hardness and resistance to pounding. 

Zinc is frequently added to copper- 
tin alloys as a deoxidizer to improve 
their soundness. Adding 4 per cent 
of zinc to the base alloy produces no 
change in either the distribution or 
the segregation of lead. This addi- 
tion, which increases the eutectoid 
constituent in the zine alloys, prob- 
ably accounts for the fact that the 
wearing-in period of the specimens 
in the Amsler test is longer than in 
the case of the base alloy of only 
copper, tin, and lead. The rate of 
wear at room temperature of alloys 
containing 4 per cent of zinc is about 

Frictional — 

the same as that of alloys containing 
no added impurities, with the excep- 
tion of alloy No. 96, and perhaps, No, 
133. 

The addition of 4 per cent of zinc 
has a tendency to increase the re- 
sistance to impact of the alloys at 
both room and elevated temperatures. 
Alloys containing zinc are consis- 
tently harder than those without. 
The increase in hardness attributable 
to the addition of 4 per cent of zinc 
is slight, however. 

Phosphorus is frequently added to 
deoxidize bronze, usually as phos- 
phor-copper, although stick phos- 
phorus is sometimes used. Bronzes 
containing about 0.7 per cent of phos- 
phorus are said to have desirable 
mechanical properties. Adding phos- 
phorus seems to reduce the grain size, 
and may be responsible for the in- 
creased Brinell hardness and in- 
creased resistance to wear found for 
these alloys. 

The tensile strength and elongation 
of 80-10-10 bronze is improved by 
the addition of 1 per cent of nickel. 
Antimony, frequently considered an 
undesirable impurity, does not appear 
to affect the grain size, but it may 
be largely alloyed with the lead and 
thus result in lowered wear re- 
sistance. 

In the charts on the following page, 
each group of five rectangles repre- 
sents a certain characteristic of five 
different bronzes. The rectangle 
marked B represents the basic alloy 
of the number indicated. The rect- 
angle marked Z represents a cor- 
responding bronze with the addition 
of 4 per cent of zinc. The P rect- 
angle indicates 0.05 per cent of phos- 
phorus, the N rectangle indicates 2 
per cent of nickel, and the A shows 
l per cent of antimony added. Where 
the rectangle should extend beyond 
the scale it is broken and the correct 
height is indicated by figures. 

An abstract of an S.A.E. paper entitled 
“Bearing Bronzes with Additions of 
Zinc, Phosphorus, Nickel, and Anti- 
mony,” presented by E. M. Staples, R. L. 
Dowdell, and C. E. Eggenschwiler of the 
Bureau of Standards. 

PROPERTIES OF BRONZES 
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— Resistance to Pounding, at————— Resistance to Brinell 
Element Per Cent (Ambler Test) Force 70 Deg. 350 Deg. 600 Deg. Fahr. Impact (Izod) Hardness 

ee — 4 No appreciable effect. Not affected Increased No No Tendency to in- Slightly 
Decreased with alloys appreciable appreciable creased toughness harder 
of low lead and high tin effect effect at all test temperatures 

Phosphorus... . 0.05 Increased in most Not affected Increased Little effect Pronounced No definite change Tendency toward 
cases decrease ; slight increase 

Nickel......... 2 Decreased Slightly Marked Slight Decreased Increased with low No —— 
inereased increase increase in many cases lead-content; decreased change 

with appreciable lead i 
Antimony...... 1 Increased in most Increased at Increased Increased Increased Decreased about Slightly harder 

casea 70 deg. fahr. 30 per cent in most cases 
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72N 
72A 
96 

96Z 

96P 
96N 
96A 

125 

125Z 

125P 
125N 
125A 
133 

133Z 

133P 
133N 
133A 
143 

1437 

143P 
143N 
143A 

e Alloys having 
alloys 

Bearing Bronzes 
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Composition Table and Comparison Charts 

Test for Copper, 
Which Used Per Cent 

Wear 96 
Mechanical 95 
Wear 91 
Mechanical 92. 
Both % 
Both 95 

Both 95 

Wear 73. 
Mechanical 73 
Wear 
Mechanical 
Both 

Both 
Both 

Wear 
Mechanical 
Wear 
Wear 
MechanirĮal 
Wear 
Both 
Both 
Both 
Wear 
Mechanical 
Wear 
Mechanical 
Both 

Both 
Both 

Wear 
Wear 
Mechanical 
Wear 
Wear 
Wear 
Both 
Both 
Both 
Wear 
Mechanical 
Wear 
Mechanical 
Both 
Both 
Both 
Wear 
Mechanical 
Wear 
Mechanical 
Both 
Both 
Both 
Wear 
Mechanical 
Wear 
Mechanical 
Both 
Both 
Both 

Chemical Composition 
Tin, Lead, 

Per Cent Per Cent 
Addit ion 

Element Per 

Zine 
Zine 
Phosphorus 
Nickel 
Antimony 

Zine 
Zine 

Phosphorus 
Nickel 
Antimony 

Zine 
Zine 
Zine 
Phosphorus 
Nickel 
Antimony 

Phosphorus 
Nickel 
Antimony 

Phosphorus 
Nickel 
Antimony NRMRMNNNK—NHRNA ADA UF BDOCSOOC OOO SYN Sw ssw eee TS 

Ome WN NO Ne O— WO HO KH NOOO OU ON OO = CH HK OAR AUN O—— BED OBDSOSOR 

Phosphorus 
Nickel 
Antimony 

Phosphorus 
Nickel 
Antimony 

Zine 4 
Zine 4 
Phosphorus 0 
Nickel l 
Antimony 1 

ROO — BR — NO NNW COORAWOOS OD ONS DK NN WOU FSU DO — OCU Se NHK eeu 
ARR WR RH HH KN KN SSE SSEAROO OOOO SCONNNNF NNO OOOO S SOON NN AK NN AK HK OK NN —— — SOD VON DW BN S WA DVA VATO T WOW WUNON = VR BYWFNNSO— S2BDWOOUM O—-2BBDOFPOO-—2& 

0.1 
0.1 

numbers without letters are base alloys, 
additions of zine, phosphorus, nickel, 

and 
containing and 

antimony are distinguished by the initials of these elements added 
to the base-alloy number. 
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Comparative wear characteristics 
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Comparative resistance to impact 

72 125 133 
Alloy No. 

Above—Brinell hardness of the alloys tested 

Left—RKesistance to repeated pounding at 
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