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I. 

Introduction. 

During the past few years many of our industries 

have been passing through a period of depression. Many 

changes have been made in manufacturing policies during these 

years. Some of the companies have tried cutting production as 

a means of Improving thelr financial condition while others 

have tried to preserve thelr profit by cutting the wages of 

their employees. It is the belief of the writer that a more 

logical solution of the problem would be secured by the applica- 

tion of scientific systems of management. The purpose of this 

work is to suggest a scheme which might be used in the solution 

of such problems. 

The primary object of the work is an investigation of 

the operating conditions and power requirements of the marble 

finishing mills and machine shops in some of the principal 

cities of the State of Tennessee. NO attempt has been made to 

investigate the complete system of management. This report 

covers the general operating conditions in the plants together 

with a more detailed report of the power consumption. For com- 

parative purposes the power consumption was reduced to several 

units which will be explained later in the report. 

The writer is deeply indebted to Mr. W. B. Lincoln 

for the units used in making comparisons and for many other 

ideas used in making the investigation. 



II. 

General Survey of the Field. 

Not more than twenty years have elapsed since the 

manufacturing industries began to develop scientific systems 

of management. Yet during that period many great advancements 

have been made. From the beginning the exponents of these sys- 

tems realized the necessity of having units which might be used 

for comparative purposes. However, most of the units employed 

up to this time have been based in some manner on cost. No 

doubt cost is the important factor in production, but this does 

not necessarily mean that cost is the only factor which might 

be used advantageously in making comparative units. 

It was with this belief in mind that Mr. W. B. Lincoln 

made a survey of the hosiery and furniture mills of the State in 

1922. Mr. Lincoln's work disclosed the fact that other satis- 

factory units could be established. So far as the writer has 

been able to learn, no other investigations of this nature have 

been made, at least not in Tennessee. 

This work is in the nature of a continuation of that 

begun by Mr. Lincoln. Since this work is a continuation of 

that made in the hosiery mills and furniture shops, 1t is hoped 

that the results of this work will conform to the conclusions 

given in that report. 



III. 

Purpose of the Investigation. 

The purpose of the investigation was: 

First- To study the operating conditions in the marble finish- 

ing mills and machine shops of Tennessee. 

Second- -To determine whether or not the power consumption might 

be reduced to some unit which could be used for comparisons be- 

tween plants. 

Third- To determine the effect of variations in operating con- 

ditions on such a unit. 

Fourth- To determine the most satisfactory unit for making com- 

parisons. 

Operating conditions in the marble mills, which are 

found only in the eastern part of the State, are, on the whole, 

very good. Since the marble blocks are heavy and difficult to 

handle, in most cases, care was taken to work out a good routing 

and transportation system. Since these were important factors, 

good men were employed to design the plants. The result was 

that all of the plant was more carefully designed. 

In the investigation of the machine shops, operating 

conditions were found to be, in some cases, very good, and in 

others very poor. It was found that the operating conditions 

were always worse in poorly planned plants. The men must have 

realized, subconsciously perhaps, that they were worklng under 

a handicap and as a result did less work. In these cases the 

floors were usually littered with tools and supplies. 



Iv. 

General Theory. 

No technical knowledge 1s necessary for a complete 

understanding of the methods used in this work. The total 

power consumption was secured and reduced to the following 

units: 

First: The horse power per direct laborer. By direct labor 

is meant the men actually engaged in the making of the product. 

This includes the machine operators and the skilled hand labor- 

ers. 

Second: The horse power per employee. Thls number includes 

everybody in the plant. 

Third: The horse power per machine operator. 

Fourth: The horse power per machine in use. 

Fifth: The horse power per machine installed. 

No attempt was made to secure the power consumption of 

the separate machines; to have done so would have been an ex- 

tremely difficult undertaking and would have been of no practi=- 

cal value for this report. Such information would be of value 

to the engineer who 1s designing a plant, but this type of in- 

formation is usually supplied by the makers of the different 

machines. In the case of the marble mills a division was made 

between the power consumption of the saws and the finishing mill. 

Also when possible, the power consumption of the line-~shafts was 

found. No further division than this was attempted. 

In arriving at the conclusions, the above five units 



were compared and the one showing the greatest correlation 

accepted. 



Ve. 

Description of Method and Apparatus Used. 

The power consumption at the steam driven plants was 

secured as follows: indicator cards were taken by means of a 

Trill indicator equlpped with a special reducing wheel. The 

speed was secured with an Elgin tachometer. The size and 

stroke of the piston was secured and the power calculated by 

means of the indicated horse power formula. In the marble mills 

cards were taken over a period of ten hours when possible. In 

every case, except one, the power consumption of the saw mills 

was secured separately. This was made possible by the fact that 

the saw mills ran all night,while the finishing mills were op- 

erated only during the day. In several cases the power consump- 

tion of the line shaft was also found. 

In the plants using electric power the consumption was 

secured by taking readings of the meters of the power company. 

These readings usually covered a period of ten hours. By taking 

a reading of the meter in the afternoon after the finishing 

mills hed shut down, and another in the morning before they 

started, the consumption of the saw mills was found in these 

plants. 

A close examination of operating conditions was made 

in each plant. A complete list of the machinery was taken in 

each plant. A note was made as to whether or not the machine 

was in operation. All of this data 1s given in Tables One and 



Four of the appendix. The data was also reduced to the units 

explained in Chapter IV. These results are shown in Tables Two 

and Five of the appendix. 

The above method of attacking the problem was used be- 

cause it seemed to be the only practical and at the same time in- 

expensive method which could be developed. A more detailed in- 

vestigation would also have taken more time than was savallable. 

There are no great sources of error in this type of 

investigation. There was very little danger of error ln secur- 

ing the power consumption. The only other possible source of 

error was in securing a list of the machines or of the number of 

workmen. Such errors,while possible, were not apt to occur. In 

securing the indicated horse power no allowance was made for the 

size of the piston rod, but this could hardly be called an error, 

since a correction is made only in case extreme accuracy is de- 

sired. 

No particular difficulties were encountered in the 

work. In every case, except one, the managers did all they could 

to help us. In this particular case we were chased from the 

plant. Most of the engineers were as anxious to secure Informa- 

tion as to the condition of their power plants as we were. 



VI. 

Observations. 

1. The Tennessee Producers Marble Company. 

The Tennessee Producers Marble Company is located in 

Knoxville, Tennessee. The plant now in use was erected in 1915. 

Before 1915 the company operated in a two story wooden structure. 

This building was destroyed by fire. 

The new buildings are of modern standard factory de- 

sign. The trusses are about twenty feet apart. The side walls 

are made of brick for about five feet up. The rest of the wall 

is made up of steel sash windows. This applies particularly to 

the finishing mill. The saw mill has nitgher walls and less 

window space. 

Artificial light is used in the finishing shop only 

during the short winter days. The finishing mill has a very 

good lighting system. Several large lamps are suspended from 

the central aisle to furnish general illumination. Then other 

smaller lights are used for central illumination. The saw mill 

lamps are suspended about ten feet from the ceiling. The arti- 

ficial lighting could be improved. The natural lighting 1s ex- 

cellent. 

An examination of Plate I will show that the plant is 

well equipped for transportation. The routing system 1s direct 

throughout the plant. Raw material 1s brought in on both the 

Southern and L. & N. Railways. This material is moved by means 

of two overhead electric cranes to the saw trucks. The same 
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cranes move the material after it is sawed to the finishing mills. 

A short narrow gauge railway carries the material from under the 

crane way into the shop. The shop proper is equipped with three 

hand cranes which run the entire length of the building. The 

machines are so arranged in the shop that the work moves in di- 

rect lines from one end of the shop to the other. ‘The storage 

spaces are marked on Plate I. 

The machinery is well arranged for safety. The motors 

are high. The belts too are well above the workers' heads. All 

dangerous drives are encased. Chemical extinguishers are used 

as a protection against fire. However, with the types of builld- 

ings used there is very little danger of fire. 

An examination of the sketch will show that the factory 

was well planned to take care of expansion. There is ample room 

to add onto either the finishing shop or the saw mills. One Tol 

extension has already been placed on the original saw mill bulld- 

ing. 

At the time when the plant was inspected, practically 

all of the machinery was in operation. There were not any ma- 

chines in the plant that were not in running condition, nor were 

there any which were never used. 

This plant is completely motorized. A list of the mo- 

tors and sizes is given in Chapter VII. All the power used is 

purchased from the Knoxville Power & Light Company. The power 

requirements were secured by taking meter readings over a period 

of ten hours. The power data is shown in Chapter VII. 

The group drive system is used on the machinery. The 
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rub beds are driven in groups of two. They are connected by a 

cone clutch so that either may be used separately. The polish- 

ing machines . are in groups of three machines each. Some of 

the larger machines have individual drives. The saw mill is 

divided into four groups. Two groups have four saws each and 

two have six saws each. 

There is about 450' of line shafting in the plant. 

The maximum length for any section is about 60'. It was impos- 

sible to determine the power being used by the line shafting, 

since part of the plant runs continuously and only one meter 

is used. The power used for driving shafting must be small, 

however, because all of the bearings are in excellent condition 

and well oiled. Then, too, with short shafts there is less 

likelihood of the shafts being out of alignment. 

The workmen found in this plant are about the average 

found in any industry. They were all secured by direct appli- 

cation at the plant. The men who do the carving work are the 

only skilled laborers used in marble work. The result is that 

very little trouble is had with labor. 

Water is of vital importance in marble mills. Large 

quantities are used both in sawing and in finishing. The water 

for this plant is secured from Second Creek. (See Plate I.) 

It is pumped to the plant by an electrically driven centrifugal 

pump. Two pumps are installed. Either may be driven by one 

motor. The capacity of each pump is 500 gallons per minute. 

The water is discharged into the same creek. 

All of the buildings are heated by steam. This steam 

is provided by & 125 HP. Dallas boiler operating under five 
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pans Prestube. The boiler is located between the pump house 

and saw mill on the bank of Second Creek. It is almost under- 

ground. The result is that the ashplt is usually full of water 

almost up to the grate bars and very poor service is secured. 

Plans are now being formed for improving the heating system. 
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2. The Knoxville Marble Company. 

The Knoxville Marble Company 1s located on the Is- 

land Home Pike. The company is engaged in the production of 

all classes of finished marble goods. The plant has been in 

operation for several years. 

The main building of this plant is patterned, in shape, 

after the modern steel factory structure. However, it is made 

of wood. The side walls and trusses are of wood. This building 

is far from fire-proof. 

The artificial light here is supplied by a direct cur- 

rent generator, which also runs the motor for a coal conveyor. 

During the summer months no artificial light is necessary for 

the day shift. The lights ave all attached to drop cords sus- 

pended from the celling. No shades are used. The artificial 

lighting could be improved by the use of flood lights with cen- 

tral lights for the separate machines. 

The routing system is direct throughout the plant. 

The raw material 1s unloaded and placed on the saw carriages by 

" means of derricks. From the saw mill the material is taken into 

the finishing mill by hand. The moving is done within the shop 

by means of two sets of overhead cranes. One craneway runs down 

the central span and one down the span near the railway. (See 

Plate II.) The loading platform is also shown on this plate. 

The weak point in the interdepartmental transportation 

system 1s at the door between the mill and the shop. The only 

way by which the material can be transferred from the derrick 

to the cranes is by hand. A large saving in labor would be 



13. 

made by putting a short spur of narrow gauge railway through 

this doorway. ¥ 

The dangerous features usually encountered in factories 

are taken care of automatically in marble mills. The machines 

are made in such a way that there is very little danger from the 

drives. The dangerous drives are taken care of here by using 

screen shields. The aisles are kept free from obstructions. 

Most of the floor is swept each day. 

As stated before the plant 1s constructed almost en- 

tirely of wood. The only exception is that the boiler room is 

made of brick. The nature of the building, then, makes it a 

rather poor risk for an insurance company. The workmen add to 

the danger from fire by allowing greasy clothes and waste to 

pile up in the corners. The precautions taken against fire are 

good. Special pipes and hose are provided. The water is stored 

on a nearby hill giving about a 100# head for the system. Chem- 

ical extinguishers are also used. 

The main building is not very well arranged for expan- 

sion. An examination of Plate II will show that the shop could 

be enlarged, but that it would be very difficult to increase the 

size of the saw mill and continue to use the same system of 

power distribution, that is, by long line shafts. At the time 

of this inspection about 80% of the installed machinery was in 

operation. The only machines which are seldom, 1f ever, used 

are the hoisting engine and derrick across the rallway from the 

main plant. All the power used in the plant proper is supplied 

by an 18"x 36" Corliss engine, manufactured at Birminghem, Ala- 
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bama. This engine 1s rated at 150 HP. by the owners. At the 

time of our visit at the plant the maximum load on the plant 

was 198 HP. A 60 K.W. generator which was commonly used was 

not in operation. The engine really is not as greatly overload- 

ed as might be supposed. It 1s really under-rated. An engine 

of this type running 93 R.P.M. ought to develop 250 HP. The 

fact that the cards taken from the engine show the engine to be 

in very good running order is proof enough that it 1s not great- 

ly overloaded. The engine seems to be in excellent shape in 

every way. The engineer is above the average and takes pride 

in his work. 

The power plant alsc contains a Sullivan direct con- 

nected air compressor. No arrangements were made for indicat- 

ing this compressor. The power consumption was approximated by 

means of information furnished by the makers. 

Then, too, there were two holsting engines. One of 

these is not used for weeks st a time. The other is used per- 

haps five hours each day. The average power consumption for 

the two was estimated. 

The exhaust steam from the main engine was used to 

heat the feed-water and then discharged into the air. The ex- 

haust from the air compressor and hoisting engines is discharged 

directly into the air. The feed-water temperature is supposed 

to be 210° F., but was nearer 200° F. : 

The building is heated by means of live steam. With 

special pressure valves and the addition of a small smount to 

their radiation surface this company could make & great saving 



in their fuel bill, by using exhaust steam for heating. 

Another place where a distinct saving could be made 

in fuel is in the main steam lines. The steam lines from the 

boiler to the main engine and to the compressor are not insulated 

in any way. The line to the hoisting engines has a cheap grade 

of insvlation on it. 

The steam used by all these engines is supplied by two 

Walsh and Weidner boilers. The boilers are the H. R. T. type. 

The capaclty of each boiler is 125 HP. operating under 8 pres- 

sure of 125#. The boilers have separate steel stacks. Natural 

draft only is used. The firing is done by hand. Several small 

cracks were found in the setting. The boilers proper were in 

very good condition. 

Gauges were located in the engine room so the engineer 

was able to supervise the work of the fireman rather closely. 

The mein line shaft in the mill was 300' in length. 

Together with the engine itself it consumed an average of 56 HP. 

Taking into consideration the fact that half of this was probably 

used by the engine, it seems that the shaft was in good condition. 

Observations showed that this condition was true. All the bear- 

ings were well olled and none were running hot. 

The workmen are secured by application at the plant. 

These men require very little special training. Most of the men 

have always been residents of Knoxville. 

Three sources of water supply are maintained. The boil- 

er feed-water may be secured from a well, the city main, or the 

Tennessee River. The water used in cutting is taken direct from 
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the river. 

The bollers are fed by a Rlely No. 9 steam pump. The 

mills are supplied by a No. 10 Riely with a No. 9 for reserve. 

All of the pumps are operated from the main boilers. The esti- 

mated power consumption of pumps supplying the mill is given 

with the rest of the power data in Chapter VII. 
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3. The Meade Marble Company. 

The Meade Marble Company is located on the Island 

Home Pike, about two miles out of Knoxville. The plant is one 

of the smallest of the Knoxville group. The general arrangement 

of the plant is shown in Plate III. The two main buildings of 

the plant are standard factory structures with corrugated side 

walls and metal sash windows. The boiler room is made of brick. 

The office bullding is a frame structure. 

The natural light in this plant could be improved by 

the addition of a few more windows. There is ample room for 

the placing of these windows. The artificial light is good. 

Drop cords are suspended from the celling to furnish general 

illumination and most of the machines have special lights with 

shades. 

Either the saw mill building or the finishing mill 

could be expanded with very little difficulty so as to take 

care or brn smount of expansion. The plant was well planned 

along this line. 

All transportation is done by means of derricks. The 

raw material is unloaded by means of a derrick operated by a 

steam hoisting engine. The material is moved in the finishing 

mill by means of hand operated derricks. This system is much 

more expensive for handling material than electric cranes. The 

company is planning to change to cranes in the near future. The 

routing system 1s direct throughout the plant. 

The necessary safety devices sre installed. MNost of 

the machines have individual drives so that the problem of belts 

is eliminated. The aisles are kept free from obstructions. 
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Chemical extinguishers are used as a protection against fire. 

At the time of the inspection about 80% of the ma- 

chinery was in operation. One or no rather expensive machines 

were installed which were seldom used. These machines were not 

essential for the operation of the plant. 

The power plant contains the following machinery: 

An 18"x 36" Corliss valve engine ordinarily supplies all of the 

power. A Buckeye balanced vilve engine is also installed. This 

engine is only used in emergencies. Ordinarily it is used as a 

counter shaft between the Corliss engine and an alternating cur- 

rent generator. This generator is an Allie Chalmbers, three 

phase, 240 volt machine. It furnishes current for the shop. A 

125 volt direct current generator is also installed. A 6"x 8" 

slide valve engine can be used to drive this generator in case 

of emergency. 

The saws are driven by a line shaft which is belt- 

driven from the engine. All of the other machinery except the 

derrick 1s driven by electricity furnished by the above gener- 

ators. The power consumption of the saws and also of the line 

shaft was secured here. 

There was no way of indicating the hoisting engine. 

The power output was estimated. 

Two bollers were installed. They were manufactured by 

the Lombard Iron Works of Augustg, Georgia. The bollers were of 

the H. R. T. type. They were fired by hand. Natural draft was 

used. The setting was in good condition. The feed-water was 

heated by the exhaust steam from the engine. The steam then 
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pessed into the air. 

A steam driven air compressor was also installed, but 

it had not been in use for several months. 

Water was sdcured for the boilers and for the mills 

from a nearby creek. For some unknown reason this water was 

first pumped into a ruddy pond. This water was very muddy when 

taken from the pond and some trouble resulted due to foaming. 

All of the buildings were heated by means of stoves. 
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4, The Appalachian Marble Company. 

The Appalachian Marble Company is one of the Lonsdale 

group of mills. The company has an old plant and also & new one 

about one handed yards from the old plant. The new plant is 

being arranged to put out finished products but at the time of 

the inspection some of the operations were performed in the old 

mill. For this reason the two plants will be treated as one in 

the report. 

The arrangement of both plants is shown in Plate IV. 

The new plant is a modern factory structure. It was constructed 

within the last year and contains all of the modern lmprovements. 

The old plant consists of a group of cheap frame structures con- 

nected in every conceivable way. 

Both the natural and artificial light in the new plant 

are excellent. The artifical light in the old plant is very 

good but the natural light 1s very poor. 

The new building is so arranged that it could be ex- 

panded any amount without affecting elther the routing system 

or destroying the looks of the plant. The building could be 

extended in three directions with the minimum of cost. The old 

plant could be enlarged but such an operation would be expensive 

and not very effective. As a matter of fact,it seems to be the 

plan of the company to abandon this plant within a few years. 

The raw material is unloaded in both plants by means 

of electric cranes. These cranes are used to load the saw 

carriages. A rather unique method is used in moving the material 

from one machine to the next and from one plant to the other. 
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This moving is done by means of a two-wheeled cart pulled by a 

horse. This method has proved very satisfactory. 

The routing system in the new plant is good. In the 

old plant some back tracking is done. Taking into consideration 

the age and position of the plant, it must be admitted that the 

routing system has been kept in very good shape. 

Group and individual drives are used in the new mill, 

so that few safety devices are necessary. Very large spaces are 

left between the machines in this plant. In the old plant more 

belts are used. These belts and drives are enclcsed where there 

is any danger of the workmen getting caught. The alsles are 

kept free from obstructions. 

No protection against fire has been installed in the 

new building. In the old plant there is more danger of fire and 

many protective devices are used. An automatic sprinkling system 

is installed and in some parts of the plant chemical extinguishers 

are also used. 

Despite the fact that this company had one of the most 

poorly constructed plants of the group vislted, they were doing 

a larger business than any other company. At the time of the 

investigation over ninety percent. of the machinery was in op- 

eration. 

~ Electric power only was used. All of this power was 

secured from the Knoxville Power and Light Company. A list of 

the motors installed and the power consumption are given in 

Chapter VII. 

The buildings of these plants were all heated by means 

of stoves. 
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Ordinarily, in rub bed polishing the cutting 1s done 

by means of sand. At thls plent a mixture of sand and lead was 

used. This method was not any more successful as far as we 

were able to learn, but was used because the company was pro- 

hibited from discharging thelr waste into the creek which runs 

behind the mill. 

The water used in the sawing and finishing work was 

pumped from this creek by means of a centrifugal pump driven by 

motor. Part of the water used in the old plant was secured 

from the clty. 



23. 

5. The Gray Knox Company. 

The Gray Knox Company is located near the junction of 

the L. & N. and Southern Railways. The plant has been in opera- 

tion for several years. This can be readily seen by an examin- 

ation of Plate V. Many additions have been made to the plant. 

The whole plant is somewhat jumbled, but taking into considera- 

tion the fact that the plant is several years old, the conditions 

are very good. Most of the buildings are made of wood. Some of 

them are in a good state of repair while others need repairing 

very badly. 

The routing and transportation system has been very 

well developed along with the additions to the plant. Very 

little back tracking is done with goods in the process of manu- 

facture. Raw material may be brought in over either the L. & N. 

or Southern Railway. This material is unloaded from either spur 

by means of an electric crane. The material is moved to the 

saws and finishing shop by means of this crane. After the ma- 

terial is within the finishing shop, quite a bit of handling is 

done by hand. This can hardly be avoided due to the arrangement 

of the shops. Overhead hand cranes are used for part of this 

work. This plant is really a combination of two plants. This 

accounts for some of the peculiar arrangements; for example, the 

parallel craneways which are side by side. 

The natural light in some of the bulldings is good and 

in others very poor. As was stated before, the arrangement of 

some of the bulldings is such as to meke good natural light im- 

possible. The artificial light is fair. It is furnished by 
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various sized lamps suspended from the ceiling. Only a few of . 

the machines have central illumination. 

The drives have been fitted with protective devices 

where they are needed. The protection against fire 1s very good. 

It would be difficult to increase the capacity of the 

plant very much as it is now arranged. 

Electric power is used almost completely in this 

plant. It is secured from two sources: the Knoxville Power and 

Light Company and the generating plant belonging to the company. 

The power at the plant is secured from a 16"x 30" simple Corliss 

engine made by the Fller and Stowell Company of Milwaukee. This 

engine is connected by belt to a Westinghouse 100 K.V.A, 240 

volt, three phase. alternator which operates at 900 R. P. M. 

The engine also drives a Northern Electric 25 K.W., 125 volt di- 

rect current generator which supplies power for the cranes. Sev- 

eral of the saws were driven direct from the engine. The engine 

was in fair condition. An examination of the cards showed the 

valves to be slightly out of adjustment. The valves were adjust- 

ed while the investigation was being made. At the time of the 

investigation the maximum load on the englne was 144 HP. 

Steam was furnished by two Walsh and Weidner 250 HP. 

boilers. Only one of these boilers was in use. The boilers 

were of the H. R. T. type. Natural draft was used. The boilers 

were hand fired. Each of the boilers had a steel stack. There 

was a large crack in the stack of the boiler which was in use. 

The setting of the boilers was in fairly good condition. The 

feed-water was supplied by an independent pump. This water and 

the water used in the mills was secured from a nearby creek. 
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The temperature of the feed-water was about 195° F. An injector 

was used in case of emergency. 

This was the only plant visited in which the exhaust 

steam was used for any other purpose than heating feed-water. The 

exhaust steam here was passed from the feed-water heater into the 

steam heating system. Heat was supplied for all of the plant. 

The boiler also supplied steam to a smell air compres- 

sor. This compressor is seldom used. 
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6. The Candora Marble Company. 

The Candora Marble Company 1s one of the Vestal group. 

The plant has been in operation for several years, yet today it 

is one of the most up-to-date plants in Knoxville. 

The main bullding of the plant is a standard factory 

structure having steel trusses and brick side walls. The walls 

are stuccoed. Steel sash windows are used. The offices are in 

a separate building. This bullding is constructed of marble 

with a tile roof. There are two or three other small bulldings. 

All of these buildings are well constructed and well kept. 

The natural light in this plant is particularly good 

in the section where the finishing is done. The section where 

the saws are located is not so good. The cover over the loading 

platform keeps the light out of this part of the plant. The ar- 

tificial light is fair. The general illumination is furnished 

by lights suspended from the ceiling. The separate machines are 

not supplied with lights except in a very few cases. 

This plant has an excellent transportation system. The 

routing throughout is direct. The marble is brought into one 

end of the building on a standard gauge spur track. It is un- 

loaded by means of an overhead crane. The marble 1s stored on 

‘the sides of the track and also on the ground at the opposite 

end of the building from the spur track. The unloading crane 

moves the material to the different machines within the shop. 

The finished material 1s teken to the crating room and loading 

platform on a narrow gauge track. 

All necessary precautions are taken for danger. The 
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‘motors are above the workers' heads. The switches and danger- 

ous drives are enclosed. The aisles are kept clear of material. 

Fire protection is not necessary. 

The plant is well arranged to care for expansion. The 

main building could be extended on either end with very little 

trouble. 

Most of the machines were in use at the time of the 

inspection. Several new machines were being installed. All of 

the machines were in operating condition. There were no expen- 

sive idle machines in the plant. 

All of the machines are run by means of electric mo- 

tors. The power 1s secured from the Knoxville Power and Light 

Company. The power data is given in Chapter VII. 

Both the group and individual drives are used. The 

saws were in groups of four each. The rub beds were in groups 

of two. 

The line shafting was in excellent condition. The 

boxes were well lubricated. The shafting was in short lengths 

due to the group drive system. The power used by the line shaft- 

ing could not be secured. 

The workmen at this plant are secured by direct appli- 

cation. The turnover is not very large. The workmen seemed to 

be above the average. There was very little loafing on the job. 

The water 1s secured from a nearby pond which is fed 

by springs. The water is drawn from the pond by means of a motor 

driven centrifugal pump. Of the two pumps installed, only one 

is used, except in case of emergency. The capacity of the pumps 

was not secured. 
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The buildings are steam heated. The steam is furnished 

by a 50 HP. H.R.T. boller operating under 30# pressure. This 

boiler is not in very good condition. Some trouble is experi- 

enced in supplying enough heat for the bulldings in cold weather. 

The derrick used in storing raw material is operated 

by an American hoisting engine. The steam is supplied by a ver- 

tical boiler mounted on the same frame as the engine. The boiler 

uses an average of one ton of coal per month. 
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7. The Andres Stone and Marble Company. 

The Andres Stone and Marble Company is located in 

Vestal, a suburb of Knoxville, Tennessee. 

This company is engaged in the finishing of marble. 

It is different from the other companies, however, in that only 

the worst of the marble from the quarry is finished. The better 

marble is sent to one of the Company's plants in Milwaukee. 

The buildings of this plant are standard factory struc- 

tures with corrugated metal side walls. 

The natural light in the plant is very good. The 

buildings are equipped with modern steel sash windows. The arti- 

ficial light is not so good. The lights are suspended from the 

ceiling and do not give illumination where illumination is need- 

ed. This plant runs only during the daytime, so that the ques- 

tion of artificial light does not need the consideration that it 

should have in most plants. 

The routing system is well arranged. The marble is 

unloaded from the cars by means of an overhead crane and stored 

as shown in the sketch. This same crane is used to load and un- 

load the saw carriages and also to carry the material which has 

been sawed to the other machines. The arrangement of the fin- 

ishing machines within the shop is rather poor and necessitates 

the use of short spans of narrow gauge track and also more hand- 

ling. 

All of the machines are motor driven. Some of the ma- 

chines have individual motors and others are driven in groups. 

Both alternating and direct current are used. 
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The precautions taken for safety are poor. The only 

protections installed are those required by law. The floor is 

littered with supplies and junk. Very little is done to keep 

things safe or neat. Fire precautions were hardly necessary 

and none were used. 

Ample room is provided for expansion. There is enough 

room in the present plant for placing machinery that will in- 

crease the output 25%. 

About half of the machinery was running at the time of 

the inspection. 

The line shafts were in short lengths due to the group 

drives. The boxes were all well lubricated and in good working 

condition. 

The workmen in this plant seemed to be below the av- 

erage. They took great pleasure in loafing on the job. The 

foreman dld not seem to seriously object to this practice. 

As was stated before, both direct and alternating cur- 

rent are used. The alternating current is secured from the 

Knoxville Power and Light Company. Alternating current is used 

because sufficient direct current could not be generated. The 

direct current is furnished by means of a Corliss engine belt 

connected to a 150 K.W., 240 volt, Sprague generator. The gen- 

erating unit is not in the best of condition. The greater part 

of the load on this unit is that of the cranes. This load varies 

greatly every instant. This 1s very hard on the engine and makes 

it almost impossible to keep it in good condition. The engineer 

in charge of this paver plant was above the average. He tried 
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to keep the plant in good condition. 

Steam was supplied by one 135 HP. Haynes boiler. The 

boiler was of the H. R. T. type. It was fired by hand. Natural 

draft only was used. A small vertical boiler was also installed. 

This boiler was only used in cleaning the main boiler. The feed 

water heater was made by the Milwaukee Reliance Boiler Works. The 

feed-water temperature was 195° F. The exhaust steam was used 

to heat the feed-water and then exhausted into the air. 

This was the only plant visited in which complete rec~ 

ords were kept of the power consumption and cost. All of the 

coal was weighed as it was conveyed to the boiler. Daily and 

weekly records were kept of amount of power generated and of 

all the supplies used in generating it. 



32. 

8. The Layne and Bowler Company. 

The manufacturing plant of this company is located 

on Chelsea Avenue, in the northern part of Memphis, Tennessee. 

The company has three manufacturing plants: one at Memphis, 

Tennessee, one at Houston, Texas, and one at Los Angeles, Cali- 

fornia. The company is engaged in the manufacture of turbine 

pumps and well screens for railway, mining, and irrigation work. 

At the time of this inspection the Memphis plant was turning out 

well screens and turbine pump cases. The remaining parts of the 

pumps were being made in the other plants. 

The buildings at this plant are standard, one story, 

factory structures. The side walls are made of corrugated sheet 

metal. They are all in first class condition. 

In the case of the machine shop and other buildings, 

where lighting was essential, most of the side walls were made up 

of windows. In addition to these windows there was a raw in the 

north side of the roof. The natural light was excellent. The 

artificial light, too, was good. Roth flood lights and central 

lights were installed. 

The buildings were well equipped from a sanitary view- 

point. Rest rooms, wash rooms, and toilets were provided. All 

of the buildings were cleaned out regularly. All of the buildings 

were heated by stoves. 

An automatic sprinkling system was used as a protection 

against fire. 

The safety devices were good. All belts were enclosed. 
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The motors also were arranged so that there was very little danger 

of injury from them. The aisles were kept open. 

Transportation facilities were good. Material is 

brought to the plant on a belt line railway. This material is un- 

lodded by means of an electric crane. The material is moved with- 

in the plant by means of narrow gauge railways. This railway sys- 

tem is shown on Plate VIII. 

The routing is direct throughout the plant. Practically 

no backtracking is done. 

The machines are all motor-driven. The power is ob- 

tained from the local public service company. The motors were all 

of the three phase induction type. Westinghouse and General Elec- 

trie motors were used. These motors, like those at practically 

all of the plants, were underloaded. A list of the motors is given 

in the chapter on power requirements. 

At the time of this visit a very low percentage of the 

machinery was in operation. This was due to & lull in business. 

The machines were all in good condition and could be started on 

short notice. The machine shop was the only part of the plant 

that was in full operation. This shop, especially, was laid out 

along scientific lines. It contained the usual machines found in 

machine shops and several additional machines designed for pro- 

duction work. 

The workmen employed in this plant were above the av- 

erage in intelligence. They all seemed contented and were turn- 

ing out a high grade of work. 

This company uses the system which the turbine manufac- 
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turers use to a great extent; that is, when a contract is taken 

for an installation, one of the company engineers 1s sent to 

make an investigation of the existing conditions. The pump is 

then made to fit these conditions. Every pump has to pass a rig- 

id test before it is sent out for installation. The testing de- 

partment is separate from the other parts of the plant. It is 

one of the best equipped departments in the plant. 

The company installs practically all of the machinery 

which it manufactures. A separate corps of workmen is employed 

for this work. The installation is considered a very important 

part of the company's work. 
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9. The Chickasaw Iron Works. 

The plant of the Chickasaw Iron works is located in 

Memphis, Tennessee, at the intersection of Second Street and Win- 

chester Avenue. This is near the business center of the city. 

The company is engaged in general machine and foundry work. 

The building which houses the plant is made of brick. 

It is very old. The plent seems to have been expanded several 

times with very little care as to how the expansion was meade. 

The light in this plent is very poor; at the time of 

the inspection all of the lights had to be used during the day. 

There was practically no natural light. Numerous belt drives 

were used and these helped to cut off the light. The power for 

lighting was secured from the public service compeny. 

Very few safety devices were found in this plant. All 

of the belts were uncovered. The aisles were kept clear of ma- 

terial but this was probably more on account of necessity then 

for safety. 

No devices were installed as a protection from fire. 

Transportation facilities were only falr. Derricks 

were used in the foundry to handle the heavy work. In the shops 

most of the work was done by hand. The routing system was fair, 

if consideration is given the jumbled condition of the plant. 

All of the power is furnished by a 12"x18" Atlas slide 

valve engine. This engine takes steam for practically all of 

the stroke. Sample indicator cards are shown in Plate XVI. The 

engine is throttle governed. The engine was in as good condition 

as it is possible to get this type of engine. There was an indi- 
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cator on the engine. Cards had been taken only a few days befcre 

this inspection. Due to the fact that an air compressor, which 

operated only part of the time, was a large part of the lcad, 

some difficult was encountered in securing a balanced card. 

The machinery was driven by this engine through & some- 

what complicated system of line shafting. No attempt was made to 

secure the power consumption of this shafting but 1t must have 

been rather high. 

In spite of its jumbled condition, this plant seemed to 

be getting all of the work that could be handled. At the time of 

this inspection nearly ninety percent. of the machinery was in 

operation. Everything was crowded. The tools had to be kept in 

the engine room. The management of this plant must have been es- 

pecially good or they could not have gotten along so well under 

the existing conditions. 

The workmen were about the average in intelligence and 

industry. Negroes were used for menual labor. 

Steam was supplied for the engine by one 75 H.P. boiler 

of the H.R.T. type. The boller was fired by hand. The setting 

wes in good condition. The boiler was pleced in an extremely 

awkward position, making the work of firing very difficult. The 

coal was at 8 higher level than the fire doors. No insulation 

was used on the steam plpes. 

The foundry was a very dark and disagreeable place. The 

storage room for patterns and alsc the pattern shop were on the 

second floor. Two derricks were used in the foundry proper for 

handling the ladles. The cupola was situated so that it was 



charged in a separate room from the foundry. The metal outlet 

was into the foundry. This company had the reputation of turning 

out very good work. At the time of the inspection they were mak= 

ing all of the castings used at the works of the ILayne and Bowler 

Company . 

The managers of thls company seemed gifted with an abil- 

ity to operate successfully under extremely poor conditions. 
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10. The Nashville Machine and Supply Company. 

The Nashville Machine and Supply Company is located 

near the center of Nashville, Tennessee, close to the Cumberland 

River. The company has a well equipped machine shop. This shop 

can handle almost any type of general repair work. In addition 

to the machine shop a rether large stock of supplies 1s kept on 

hand. Most of the supplies are used in small manufacturing 

plants in and near the city. 

The plant occupies a two story brick building. The 

lower floor contains the machine shop, forge shop, a supply 

room, and the offices. The second floor is used for storage, 

woodworking and electrical repair work. There is also a brass 

foundry on this floor. 

The bullding occupied by the plant is rather old and 

is in a poor state of repair. It is shut in on three sides by 

other buildings. As a result of this, the natural light is 

very poor. There are windows on two sides only and these win- 

dows are smell. Artificial light is necessary at all times. The 

artificial light 1s fair. Some of the machines which operate 

most of the time are furnished with special lights. 

Thies plant is not on a railroad. The transportation 

of material to and from the plant is sccomplished by means of 

trucks. All moving of material within the plant is done by 

hand. 

Very little has been done to make the building attrac- 

tive or safe. The aisles are filled with supplies of all de=~ 
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scriptions. Some of the dangerous drives were enclosed in sereen 

cages while others were not protected in any way. 

Protection against fire was secured by means of an auto- 

matic sprinkling system. 

As the plant 1s now arranged the only possible way to 

expand would be to buy one of the adjoining buildings. The bulld- 

ing was very crowded at the time of the inspection. Seventy-five 

percent. of the installed machinery was in operation at that time. 

Ordinarily, the machinery is driven by a steam engine. 

The power is furnished by a slide valve steam engine. The engine 

is 10"x12". It was manufactured by the Chandler and Taylor Com- 

pany of Indianapolis, Indiana. The steam was furnished by one 

75 H.P. boiler. The boiler is of the H.R.T. type and is fired 

by hand. The entire power plant is in poor conditlon and at the 

time of the inspection was not being used. 

When the steam plant is not in operation the power is 

furnished to the line shaft by means of a 40 H.P. three phase 

induction motor. The power 1s secured from the Nashville Railway 

and Light Company. No opportunity was obtained for getting a com- 

parison of the cost of power by the two methods. 

Two main line shafts were used together with the neces- 

sary counter shafting. The shafting was in fair condition. The 

power used by the shafting could not be secured. 

The workmen employed at this plant were very good. They 

seemed to be well pleased with existing conditions. Very little 

soldiering was noticed. 



11. The Englert Machine Works. 

The Englert Company is located in Nashville, Tennessee. 

It is in the center of the city near the Cumberland River. The 

company does general repair work and manufactures ornamental de=- 

signs in metal. 

The plent is housed in one large building one story in 

height. The side walls of this bullding are made of brick. The 

roof is supported by means of wood columns. 

The natural light in this plant is rather poor. There 

are windows on only one side of the building. In addition to 

these windows there is a skylight in the roof. Some artificial 

light is used at all times. The artificial light 1s fair. The 

central lights are especially good. 

This plant is not on a railroad. All of the transpor- 

tation is done with trucks. No cranes or other mechanical devices 

are installed for handling the material within the shop. 

There was & tendency on the part of the workmen at this 

plant to leave things where they used them. As a result of this 

practice, the plant was in a more or less jumbled condition. A 

few safety devices were installed, such as screens for belt drives. 

There was no protection sgeinst fire. 

It would be practically impossible to expand this plant. 

It is enclecsed on all sides by other buildings. The only thing 

which could be done to increase the space for machinery would be 

to add another story and store the raw material and supplies in 

the added story. The plant was not running at capacity at the 

time of this inspection. 



All of the machinery is driven by motors. The group 

drive is used. The power is secured from the Nashville Railway 

and Light Company. 

The line shafting was in good condition. All of the 

bearings were aligned and well lubricated. 

This was the only machine shop visited in which the a- 

cetylene welding outfit was equipped with an acetylene generator. 

This generator was a money saver for the company because a large 

amount of welding was being done. 

The workmen here were very good, being about the aver- 

age found in the machine shops. 
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12. Jones Machine and Foundry Company. 

The Jones Machine and Foundry Company 1s located in 

Chattanooga, Tennessee. Thls plant is divided into two parts: 

in one part general machine work is done and the other section 

contains the grinding department and foundry. 

Each part of the plant occupies one single story 

building. These buildings, although rather old, are in a good 

state of repair. As was stated before, one of the buildings 

containe the machine shop. This building also contains the store 

rooms and offices. The grinding department and foundry are in 

another building. 

The natural light in the shops 1s good. Windows are 

cut in all of the walls. No artificial light is necessary dur- 

ing the day except in cloudy weather. The artificial light is 

fair. All of the light is furnished by lamps suspended with 

drop cords from the celling. 

This plant is near a spur track of the Nashville, 

Chattanooga and St. Louis Railway. Raw material can be brought 

in on this road. However, most of the material for the machine 

shop is handled with motor trucks. A hand operated derrick is 

used for loading and unloading heavy work. 

The machinery is arranged within the plant so as to 

avoid unnecessary handling of heavy material. 

The shops are kept in very good condition. All of 

the tools and supplies were kept in their proper places. All 

necessary safety devices were installed. Practically all of 

the belt drives were enclosed. 
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The only devices used as a protection against fire 

were chemical extinguishers. 

The plant could be expanded to any extent with very 

little trouble. The bulldings now in use are very crowded. 

All of the machinery was driven by means of electric 

motors. The group drive system was used. All of the motors 

were of the induction type. The power was secured from the lo- 

cal public service company. A list of the motors and power re- 

guirements «is given in Chapter VII. 

Two line shafts were used. These shafts were in good 

condition. 

In the grinding department all of the machines had in- 

dividual drives. 

The foundry was in good condition. All of the moulding 

work was done by hand. This department was well arranged. 

In addition to their general machine work,this company 

specialized in producing rock drills. 

Employees were secured through direct application. 

Only a few men were employed. There was practically no turnover. 

The men employed at this plant were better workers than the av- 

erage found in the machine shops. 

The bulldlings were heated by means of stoves. 
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13. The Fulton Company. 

The Fulton Company is located in Knoxville, Tennessee, 

near the intersection of the Louisville and Nashville Railway 

and Kingston Pike. The company is engaged in the production of 

many articles, most of which are used in steam fitting work. 

The principal product of the company is automatic pressure con- 

trol valves. Practically all of the articles which are being 

manufactured were invented by Mr. Fulton who is now the head of 

the company. 

The manufacturing plant of this company occupies sev- 

eral large buildings. The layout is shown in Plate XIII. The 

buildings are all fram structures. The outside walls are stuc- 

coed, giving the entire plant a very pleasing appearance. These 

buildings are of various heights, depending on their use. The 

tallest building has three stories. 

The entire plant has been very carefully planned. The 

lighting, both natural and artificial, is excellent. The side 

walls of practically all of the buildings are made up largely 

of windows. Steel sashes are used. Very little artificial 

light 1s used during the day. The ertificial lighting system 

is well planned. In some of the shops lndirect light only is 

used. In others mercury arcs are used for general 11lumination 

and each machine has a central light. 

As was stated before, this plant is located on the 

Louisville and Nashville Railway. All raw material and supplies 

are brought in over this road. Most of the finished maberial is 

shipped on this road. 
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The loading and unloading of material is done mechan- 

ically. Cranes are provided for this work. An underground 

tunnel is used in moving the coal from the railroad to the stor- 

age bin near the boiler room. 

The routing system is good throughout the plant. There 

was very little unncessary moving of material within the plant. 

There was only one department in which a change ln the routing 

system would have saved any appreciable amount of money. This was 

in the corrugating department. Between each finishing process in 

this work the meterial had to be annealed. The machines were ar- 

ranged just backward for this work. The foreman realized that 

the machines should have been reversed. The machines were changed 

during the time when this inspection was made. 

Interdepartmental transportation was accomplished by 

means of small carts whlch were moved by hand. While this system 

is very satisfactory, it is the belief of the writer that a saving 

could be made by the use of mechanical conveyors. Host of the 

parts were small and could be easily handled in this manner. 

The shops are all kept in good condition. Tool rooms 

are provided for each department. The tools are checked out. The 

inspecting department 1s entirely separate from the production de- 

partments, so as to prevent faulty material from being slipped by. 

The floor space is large, allowing the use of wide alsles. All 

of these aisles are kept clear. The drives are so arranged that 

there is very little danger of injury from them. The dangerous 

drives are screened in. 
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An automatic sprinkling system is used as a protection 

against fire. This system has a separate tank which is kept 

full of water at all times, thus insuring the necessary supply 

of water in case fire should break out. The production could be 

increased a large percent. without the addition of new buildings. 

Then, too, es the plant 1s now arranged, additions could be made 

to all of the buildings without destroying the arrangement or 

the looks of the plant. 

All of the machinery was driven by means of electric 

motors. Both the group and individual drives were used. Only the 

large machines had individual drives. The power was secured from 

the Knoxville Power and Light Company. A list of the motors and 

power requirements is given in Chapter VII. 

The shafting was all in good condition due to the use 

of the group drive. The shafting was kept in good condition. a 

man was employed to inspect ithe shafting and belting each day. 

The workmen employed at this plant are secured largely 

through application. This applies particularly to the common 

laborers. Some of the more skilled men are secured through em- 

ployment bureaus and other agencles. The workmen were above the 

average found in most of the plants. One reason for this fact 

was that the men were on piece work and had to stay on the job 

in order to make good wages. The tool makers were practically 

the only workers who were not on piece work. 

This plant was the only one inspected which was oper- 

ating under real scientific management. Detailed organization 

charts have been worked out and these must be followed, both by 
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the executives and by the men under them. The system has proved 

to be a complete success. 



14. The Ty-Sa-Man Machine Works. 

The Ty-Sa-Man Company is located in Knoxville, Tennes- 

see. The work of this company might be divided into three 
classes: 

general repair work, structural steel work, and the manufacture 

of milling machinery. 

The plant occupies one large two story bullding and 

two smaller buildings. The first floor of the main building is 

made of brick and the second story is framed. The two other 

buildings are frame structures. 

The first floor of the main building contains the ma- 

chine shop, wood shop and offices. The second floor 1s used for 

storage. It also contains the drafting rooms. One of the smaller 

buildings contains the forge shop and boiler, the other contains 

the structural steel depertment. 

The natural light in the shops is good. Most of the 

machines are placed in a row near the windows. The artificial 

light is fair. The general illumination is good but some of the 

machines whiéh are in constant use should be supplied wi
th more 

light. These machines are used at night part of the time. 

The plant is located on the Southern Railway. Haterial 

may be placed on or taken from the cars by means of a derrick. 

This derrick is operated by hand. MNost of the local work is 

handled by means of trucks. No mechanical devices are used in 

this plent for handling material. All of this work is done by 

hend. A bucket conveyor is used to take the coal from the cars 

to the storage bin. 
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The machines are arranged within the plant so as to 

cause the material to move from one machine to the next in so 

far as it is possible. Routing is not one of the essential fea- 

tures in a plant of this type. 

The shops are kept in good condition. All of the aisles 

are kept clear of obstructions. The buildings, too, are in good 

condition. All necessary safety devices are installed. 

No system of protection against fire 1s used. 

Ample room is provided for expansion. At the time of 

the inspection the plant was running at full capacity. The com- 

pany had orders on hand for three months of work. 

This entire plant was operated by means of electric 

motors. The power was secured from the Knoxville Power and Light 

Company. A llst of the motors and power requirements is given 

in Chapter VII of thls report. 

The tendency in this plant was to use as few motors 

as possible. One long line shaft drove most of the machinery. 

This shaft was in very good condition. 

A gas engine was also installed for power purposes. 

This engine is used only in emergencies. It has not been in use 

for several months. 

Employees are secured through application. The employ- 

ees here were always on the job. 

All of the buildings are heated by steam. This steam 

is furnished by one © H.P. boiler of the H.R.T. type. The boiler 

and heating system were 1n fair condition. 
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Calculations and Power Data 

l. Marble Mills. 

No difficult calculations are involved in this work. 

However, in order to make the tables in the appendix clear, 

an explanation of the calculations will be given. 

The machines which were installed in the marble 

finishing mills are classified in Table I. The arrangement 

of the columns is explained in the space below the table. For 

each plant the columns A and B were added. These results were 

then added together giving the total number of machines in the 

plant. These results are used in Table II. 

In the latter part of this chapter the power require- 

ments are given for the various plants. The methods used in 

securing the power requirements were explained in the first 

part of this report, but a brief summary will be given here. 

The electric power was found by taking meter readings over a 

certain period of time, thus determining the consumption. In 

Steam plants the indicated horse power was determined. All 

that was necessary to determine this horse power was the speed 

of the engine, the bore and stroke, and the indicator cards for 

determining the mean effective pressure in the cylinder. The 

indicated horse power was then determined by means of the formu- 

1a: I.H.P. = PLAN/33000. 

An explenation of the results shown in Table II is 

necessary. From Table I the number of machines in use and the 
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number in the plant are transferred to Table II. The part of 

the table down through the horse power consumption needs no ex- 

planation. The column "horse power of saw mills" is put in be- 

cause this part of the plant was used at night as well as day. 

This enabled the writer to secure the power used by this part 

of the plant. The columns in which the horse power consumption 

is reduced to the different units nee no explanation. In Tables 

3A, 3B, and 3C the power consumption reduced to the units shown 

is indicated in graphical form. The tables should be of value 

to the reader as they place directly before him the results of 

the work. 

2. Machine Shops. 

The same procedure was followed in recording the re- 

sults of the machine shop work as in the marble finishing mill 

work. Table IV shows 2 classified list of the machinery used 

in the machine shops. Table V gives the results in tabular 

form as in Table II. In Tables 64, 6B, and 6C, the results of 

the machine shop work are shown graphically. 



1. Tennessee Producers Marble Company. 

Power Data 

Size of Votors Number Total H.P. 

5 X.P. 2 6 

5 3 15 

8 1 8 

15 1 15 

20 3 60 

25 1% 275 

30 2 60 

30 1 35 

50 1 50 

60 1 60 

75 i _160 
Total 28 734 

Total electrical power used: 2860 KW .H. (10 hours) 

Average load on motors: 384 H. P. 

Ratio of average load on ; 
384 = 52.2% 

motors to rated capacity: 734 

Electrical power used 

in saw mill: 1900 K.W.H. (13 hours) 

Average load on motors: 196 H. P. 

Ratio of average load on 

196 - 75.3% 
‘motors to rated capacity: 7. ld 



2. The Knoxville Marble Company. 

M.E.P. 

40.0 

36.2 

34.5 

35.0 

43.2 

Average load 

15.5 

13.0 

13.0 

135.0 

Average load 

Power Data 

Total mill. 

Line shaft only. 

I.H.P. 

166.5 

181.0 

144.0 

150.0 

181.0 

171.0 

183.0 

186.0 

188.0 

1853.0 

158.0 

146.0 

168.0 

58.0 

56.0 

56.0 

56.0 

56.5 

53. 



54. 

The Knoxville Marble Company 

Power Data (con.) 

Sawmill only. 

M.E.P. I.H.P. 

27.0 116.0 

27.0 116.0 

26.0 112.0 

25.0 107.5 

32.0 137.5 

27.0 116.0 

29.0 125.0 

28.0 120.0 

27.5 118.0 

Average load 118.5 

Load on Alr 

Compressor (estimated) 50 H.P. 

Load on hoisting 

engines (estimated) 10 H.P. 

Total load for mill 168.0 H.P. 

Total load on bollers 228.0 H.P. 

Engine: 

Bore 1g¥ 

Stroke 36" 

R.P.M. 03 

I.H.P. M.E.P. x 43 



3. Meade Marble Company. 

Power Data 

Total mill. 

M.E.P. 

33.0 

40.0 

43.0 

34.5 

3l.2 

35.8 

34.0 

32.5 

41.0 

35.0 

38.5 

35.0 

35.5 

36 «5 

38.0 

Average load 

Engine: 

Bore 

Stroke 

R.P.M. 

I.H.P. 

I.H.P. 

111.0 

134.0 

144.0 

116.0 

105.0 

118.0 

114.0 

109.0 

137.5 

117.0 

122.0 

117.0 

118.0 

123.0 

127.0 

121.3 

8” 

36" 

80 

M.E.P. X 3.36 

55. 



Meade Marble Company 

Power Date (con.) 

Sawmill only. 

M.E.P. I.H.P. 

23.0 77.0 

25.5 85.0 

25.5 85.0 

25.8 85.0 

Average load 83.0 

The following motors were driven by power generated 

at the plant. 

Size of motor. Number. Total H.P. 

25.0 3 75 

7.5 2 15 

5.0 5 25 

2.0 on Be 

Total 11 117 



4, The Appalachian Marble Company. 

Power Data 

Size of Motor Number Total H.P. 

60 14 60 

50 3: 

25 7 

40 

35 

14 

20 40 

Total 57 1391.5 

Total electrical power used: 2020 K.W.H. (10 hours) 

Average load: 272 H.P. 

Ratio of average load on 
272° . 19.85 

motors to rated capacity: 1391.5 



5. The Gray-Knox Marble Company. 

Power Date 

Total mill. 

M.E.P. I.E.B. 

35.0 117.0 

38.0 127.0 

35.5 119.0 

35.0 117.0 

33.0 111.0 

40.0 134.0 

38.5 129.0 

36.5 123.0 

43.0 144.0 

34.5 116.0 

31.2 105.0 

35.5 118.0 

34.0 114.0 

32.5 109.0 

41.0 137.5 

Average load 121.0 

Sawmill only. 

24.5 82.0 

25.5 85.0 

25.5 85.0 

23.0 77.0 

Average load 82.2 



The Gray-Knox Marble Company. 

Power Data (con.) 

Size of motor. Number. Total H.P. 

75 1 75 

50 1 50 

35 4 140 

25 11 275 

20 1 20 

15 3 45 

5 0 _50_ 
Total 31 655 

Total electrical power secured from The Knoxville 

Power and Light Company 660 K.W.H. (7.5 hours) 

Average load on motors 118 H.P. 

Note: City power was used only when the power plant was loaded 

to more than capacity. 

Total power consumption of plant 239 H.P. 

59. 



6. The Candora Marble Company. 

Power Data 

Size of Motor. Number Total H,.P. 

10 3 30 

7.5 6 45 

50 2 100 

75 2 150 

5 8 40 

1.5 3 4.5 

30 2 60 

40 1 40 

2 3 2 

35 3 105 

15 i 15 

25 1 25 

3 2 a 

Total 35 622.5 

Total electrical power used: 1620 K.W.H. (8.83 hours) 

Average load: (total plant) 246 H.P. 

Ratio of average load on 

motors to rated capacity: 246 = 39,5% 
BEE.5 

Power used by sawmill: 
©1470 K.W.H. (13 hours) 

Average load on sawmill: 151 H.P. 

Ratio of average load on 151 - 60.5% 
motors to rated capacity: 250 

60. 



7. Andres Stone and Marble Company. 

Power Data. 

Total mill. 

M.E.P. 

31.5 

26.5 

28.5 

34.5 

35.0 

30.5 

29.5 

32.5 

28.0 

28.0 

31.0 

28.5 

27.5 

Average load 

I.H.P. 

138 

116 

125 

151 

153 

133 

61. 



Andres Stone and Marble Company. 

Power Data (con.) 

Size of Motor. 

75 

60 

50 

20 

10 

5 

2 

Total 

Number Total H.P. 

In 75 

2 120 

1 50 

2 40 

2 20 

3 15 

x #5 
12 322 

The power for the above motors is furnished by the 

company's power plant. 

Size of Notor. 

60 

20. 

10 

Total 

Number - Total HLF. 

2 120 

1 20 

2 i 
5 : 140 

Electrical power secured from the Knoxville Power and Light 

Companys 

Average load: 

Ratio of average load 

to rated capacity: 

Total power consumption 

of the plant: 

170 K.W.H. (7 hours) 

32.86 H.P. 

32,86 - 23.3% 

164.3 H.P. 

82. 



63. 

8. The Layne and Bowler Company. 

Power Data 

Size of Motor Number 

25 2 

35 2 

15 i 

10 3 

5 11 

7.5 +3 

2 1 

50 a 

Total 22 

Total electrical power used: 

Average load: 

Ratio of average load on 

motors to rated capaclbty: 

Total H.P, 

50 

70 

15 

30 

55 

7.5 

50 

279.5 

422 K.4.H. (10 hours) 

568.5 H.F. 

56.5 = 20.2% 



9. The 

29.0 

34,0 

Average load 

Engine: 

Chickasaw Iron Works. 

Powsr Data 

Bore 

Stroke 

R.P.M. 

1.83.F. 

64. 

I.H.P. 

44.0 

41.5 

42.0 

41.0 

£9.0 

43.0 

36.0 

42.0 

39.8 



10. The Nashville Machine and Supply Company. 

Power Data 

Size of Motor Number 

40 3 

Total electrical power used: 

Average load on motor: 

Ratlo of average load on 

motor to rated capacity: 

Total H.P. 

40 

245 K.W.H. (10 hours) 

32.8 H.P. 

32.8 =- 82.0% 
0 



66. 

11. The Englert Machine Works. 

Power Data. 

Size of Motor Number 

10 1 

7 1 

2 x. 
Total 3 

Total electrical power used: 

Average load: 

Ratio of average load on 

motors to rated capacity: 

Total HLF, 

10 

2 § 

£ 

19 

103 K.W.H. (10 hours) 

13.8 = 172.5% 
ge: 1 



57. 

12. Jones Machine Company. 

Power Data 

Size of Motor Number Total HLF, 

5 2 10 

10 2 20 

15 1 15 

7.5 1 7.5 

0.25 1 0.25 

Total 7 52.15 

Total electrical power used: 280 K.W.H. (10 hours) 

Average load: 37.5 H.P. 

Ratio of average load on 
3.8 =z 71.0% 

motors to rated capacity: Be. 75 



68. 

15. The Fulton Company. 

The Fulton Company has 1000 horse power of electric 

motors installed. These motors vary in size from £ horse power 

to 50 horse power. The average is approximately 7.5 horse power. 

Due to ths strict regulations of the company, 2 lls% 

could not be secured. 

Total electrical power used: 2030 K.W.H.(10 hrs.) 

Average load: 272 H.P. 

Ratio of average load on 

motors to rated capacity: 272 - 27.2% 
1000 



69. 

14. Ty=Sa-Nan Machine Works 

Power Data 

Size of Motor Number 

25 2 

7.5 ak: 

Total 3 

’ 

Total electrical power used: 

Average load: 

Ratio of average load on 

motors to rated capacity: 

98 K.W.H. ( 7.5 hours) 

i7.6 H.P. 

* 



70. 

VIII. 

Conclusions. 

1. Marble finishing mills. 

After a careful examination of the data included in 

this report, the following conclusions were arrived at: 

First: The power requirements of marble mills can 

be reduced to certain definite units which may be used for com- 

parisons. The three units which give the closest correlation 

are: the horse power per machine installed, the horse power per 

machine ln use, and the horse power per employee. 

The results obtained by the use of these units are 

shown graphically in Tables 3A, 3B, and 3C. An examination of 

these plates will give the reader a good estimate of their use- 

fulness. | 

Second: The relations mentioned above are affected 

to a large extent by operating conditions. Take, for instance, 

the unit used in Table 3A, the horse power per machine installed, 

with this unit the Meade Marble Company shows the greatest per- 

centage of variation from the average. This condition is ex- 

plained by the fact that the Meade Marble Company uses smaller 

machines, and consequently more time for the work, than does the 

Gray-Knox Company or any ofiithe other companies. In Table 3B 

the Knoxville Marble Company, the Gray-Knox Company, and the 

Andres Stone and Marble Company show the largest amount of power 

per machine in use. This eonatiion exists because nearly all of 

the work at these plants 1s on the saws and rub beds, machines 

using a large amount of power. Table 3C gives the power per 



employee. No distinct relation was obtained with this unit 

but it should be valuable to use in connection with the other 

units. 

Third: The unit which could best be used for making 

comparisons is the horse power per machine in use. This unit 

is given preference over the horse power per machine installed 

because it is more apt to adjust itself to varying conditions. 

2. Machine shops. 

An examination of the data obtained at the machine 

shops has lead to the following conclusions: 

First: That the horse power requirements of the plants 

visited cannot be reduced to any satisfactory unit for compari- 

sons. In connection with the above conclusion the writer wishes 

to state that it is very probable that some relation would exist 

if the companies were engaged in the same work. However, no two 

of the plants covered by this report are engaged in the same 

type of production. 

The power requirements for the machine shops were re- 

duced to the various units. The results are shown graphically 

in Tables 6A, 6B, and 6C. 
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TABLE 1 

Equipment of Marble Finishing Kills. 

: 2 3 4 5 6 
Name of liachine 

: als lates [fal als lai 210] 2lB 

Saw Gangs 20 cla io af oles {als [11]a] of 

Send Pumps b{ ola 0 sl ol slotalo zo | 30 

“ater Pumps Talla Wal ziotas glo ito 

Carborundum lisch.| = Ot 110 1 0 240 1 E00. FF 0%30 

Diamond Saw ol olojo | 1lololojolel dois 

Copeing Machine 0: 300413 0p TL 210 +010 01 1 

Planer 1 0 O13 10a U 110 0.11 

Air Compressor 1 jolalolzls tay {xy 23h {10 

Polishing Meech. |Z | B31 40 1212 12 |C |2 [5 slo los 

fub Beds alo] zl lzi1 holo fe Ia sl0 {2 [ 

¥ood Saws gov zlolalo [110 j1 fa 30 b1 {0 

Lathe 1 lolol bilotaile lip oli {jo {0 

“Puoumetdc Tools |s |10] 01 lafo helo |e fo [slo |2]0 

Crusher 1: +041. 010 L010 11/0 {0 {3 00 [0 [0 

Cranes stool olo tofo {1:0 | 10-11 }o 

Hoists 0-40 111 ]11{0 10 0 10 (0 On to lo 

A-LFachines in use, 

B~lochines not in use. 

1-Tenn. Producers Mar. Co. 

=-inoxville Marble Co, 

S-lieade Marble Co. 

~LAGEND + 

4 ipralnohion Mar. Co. 

p-Iray-%nox Marble Co. 

6-Condora Marble Co. 

7-Andres Stone % Mar. Co. 



PARLE 2 

1 a 5 14 5 6 1 

ifachines Idle 15 71 6 6 4 i dr 

Lacnines in Jse 56 | zalz1 fas | 28] ad} 20 

Total Mach. in Plant 70 36le7 2 leo 2a =z 

% of Mach. in Jge 78.5( 80(32,5(93 (47 91 | 52 

Ko. Common laborers 42 1715 40 1:7 iGtal EL 

No. llach. Operators 3% ?| 8 {80 {z9( 22) 15 

No. in Office & Foremen|l1 614 {20 5] 1s 6 

No. Skilled lsborers 11 | 217i 4 70 | z0| ma | 1. 

No. Iirect labor 42: (gal1z rial so] 8a:l ig 

To. Indirect Labor 54 22 |19 60 PE) 49 15 

Total no. -mployeses 47 47131 (¥701 72 1105 { Mm 

Average H.P. of Tlant [345 [228 [144 |415(239 | 246 | 164 

A¥ersse H.T. of Saws 1196 18 <6eg| 82 | 151 | ~--~ 

HeP./lirect luborer 8.,1019.5111.9{5.8|14.9] 4.4 [10.2 

%.7. fumplogec Job HG, 3,6 (2.423, 2.3 Bad 

H.P./Kach. Operater . 10.9 |3L.6[77,. 9/5.218.2 In. 28 {20.¢ 

4.7. /Nach. in Use 6.318.1|4.6 [4.88.0 ]|6.2 | 8,2 

H.P. Mach. Installed 5.016.5 [2.8 [4.57.5 [5.6 | 5.2 

=I] 
ahd 

1-Tenn. Producers lar. 

£-Knoxville Marble Co, 

3~-reade Marble Co. 

4-iopalachian Mar, Co. 

Coe 5=Gray Knox Marble Co. 

6~Condora Marble Co. 

7-Andres Stone &% lar. Co. 
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TABLE 1I¥ 

fouioment of liachine shoos 
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vg P 4 
Yame of Machine 

P
e
 

b=
 

w
 

De] 

Turret Lathe 
Latne 
Bolt kaghine 
Tool Grinder 
sensitive Trill 
Power 3aw 
Buffins Vheel 
iulley laine 
Joring Mill 
ripe Threader 

Shaver 
Vertical Trill 
Lupoli 
Snesring ach. 
Steam & Trip tam. 
onest Jetal Zunch 
Tit zoller 
Bang Saw 
wood Latie 
%ood Planer 
Joiner 
cutoff Saw 
Air Compressor 
dater Tuup 
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3lover 
CTaENe : 
¥illins Machine 
Srinder 
eyway lechine 
Nuciol rill 

llerrick 
Jear Generstor 
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woQa Till 
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core Jven 
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Plating Janks 
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TABLE V 

Machines Idle 5 

Mechines in use 15 

Tatal Fach. in Plant £0 

% of Mach. in use 75 

No. Common Laborers 3 

No. Mach. Operators 31 9 

Office and Foremen g 3 

© Bkilled Labor 4 4 

Direct labor 35 13 

Indirect Labor 34 6 

Total Employees 96 | 69 0 

Average H.P. of Plant 56.6|59.8! 12.8 

#,P. [Direct Labor 0,901.14 1.06 

H.P. [Employee 0.600.068 0.73 

¥ H.P. /Msch. Operator 2.55|1.28 1.63 

H.P. /Mach. in use 1.40|1.20 0.92 

H.D./Huch, Installed 0.801.082 0.69 

1-Layne & Sowler Go. 

2-Chickasaw Iron Yorks. 

-LEGENT- 
ht 

5-Jones Machine Yorks. 

6-The Fulton Co. 

 Z-Teehville Hach. & Suoply Co. 7-Ty-Sa-Man Machine Works. 

4-Fnglert Engineering Go. 

AY 
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ERY 

Abbreviations used on sketches of marble mills. 

R-----Clorage of Raw Material. 

P-----Storaze of Goods in Process. 

F----=Storage of Finished Goods. 

g==-~~Finiching Mill, 

M=-~--Baw Mill. 

L--~-~3torage of Tumber. 

Pe~---~Storage of Sand 

$==--=-5torage of Coal. 

lim====imgine ROO. 

B--~-~~30iler Hoom. 

K-----Toading Platform. 

Ho----Hoisting Enzine. 

H=-=--~-"umping Station. 

 — ———T1ine Shaft. 

pes 
ty LS Narrow Gauge Rallway. 

Crane Track. 
V 



PLATE I 
PLAN OF THE TENN. PRODUCERS MARBLE CO. 
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PLAN OF THE KNOXVILLE MARBLECO 
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PLATEIZ 
PLAN OF THE /1ERDE MARBLE CO 



- PLATEIZ 
PLAN OF THE APPALACHIAN MARBLE co. 



PLATEY 
PLAN OF THE GRAY -KNOX MARBLE COMPANY 



Si PLATE IZ 
PLAN OF THE CONDORA MARBLE COMPANY 
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PLATE UII | 
PLAN OF THE ANDRES STONE-MARBLE Co. 



KEY 

Abbreviations used on sketclhies of mechine shops. 

Be-=~-3torage of Haw Material. 

Pe---=-3torage of Goods in Toroess. 

F--~--5torage of finished 30048, 

3~=--=Iocation of Machinas, 

C=--=-3torage of Coal. 

le=w-=0ffice, 

Hmew=einoine R00. 

Be=-=~30ilexr HOON. 

Jim=-=-loatding Platform. 

<5) ---lerrick. : . 

—-—-1line Shaft. 

Kurcow Gauge 2ailway. 

=—=trane Track. 

limewe~l ef ting Room. 

Mmmm = = FOUN CF 
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| PLATE XIII 
PLAN OF THE LAYNE-BOWLER CO 



PLATE IX 
PLAN OF THE CHICKASAW [RON WORKS 
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PLAN OF THE NASHVILLE MACH ANG SUPPLY CQ 
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PLATEXT 
PLAN OF THE ENGLERT ENGINEERING co 
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PLATE XT 
PLAN OF THE JONES /7TACHINE CO. 
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PLATE XII 
PLAN OF THE FULTON CO. 
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PLATE XI¥ 
PLAN OF THE TY-SATIAN MACHINE CO 



CORLISS VALVE 
AT 

ATORES STOLE BE /7ARPBLE CO 

HARLIE=- TYNES CORLISS 

KNOXVILLE 17ARBLE CO 

SLIDE VALVE 
AT 

CHICHAKASAW [IRON WORHAS 

PLATEXXT 
SAMPLE INOICATOR CARDS 



CORLISS VALYV. 
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THE GRAY- AIYOX TARBLE CO. 

CORLISS VALVE 

THE MEADE I7ARBLE CO. 

PLATE XY 
SAMPLE INDICATOR CARDS 
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