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EXPLANATORY NOTE.

The following thesis represents to a small degree the
results of an investigation into the system of works-management
as practiced in the plant of the Omega Separator Company of
lansing, Michigan. In this thesis, special attention has bdeen
8iven to the routing system employed in the machine shope.

The present plan is to limit discussion to the problem
presented by the routing of the parts of Separator No. 1%, sinoe
it is the most popular si se made in the plant. The routing of
the parts of the other sises will be identicel with that estab-
lished for the parts of No. 14.

FORE - WORD.

In attempting a thesis of this sort, the writer has held
two motives constantly in view. The first of these has been the
desire to acquaint himself with average shop conditions and methods
of manufacturing; and also to afford an opportunity for the exer-
6ising of his own ingenuity in detecting any faults, and offering
suggestions for the corrections of such faults that are easily ais-
sernible. The second motive has been a desire to offer some
practical suggestions to the management; whereby the output may be
increased with no greater outlay of capital or overhead expense,
or that the labor costs may be cut down for the seame rate of pro-
duotion at which the plant is now operating. Rither of these would
be of tremendous value to the company in a financial wey .
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All suggestions oontained herein are freely offered for the use
of the company.
As preliminary reading, before doing any work in the shop,
1 referred to the following contemporary works: *Industrial Plants®-
Day; “8oientific Management"- Evans; *"Factory Organisation®-Diemer.
1 wish to teke this opportunity to thank Mr., Wilford and Mr.
Billings of the company for the very willing assistance they rend-

ored me.

Can a practise of systematic routing eliminate sonfusion to
the extent of increasing the daily production-rate from its present
rumber ( 35) to & much greater number, possibly fifty?

METHOD OF ATTACKING THE PROBLEXM.

S8ince the principal problem conscerned the routing of parts
through the machine shop, the first steps of the 1nvostigation were
ooncerned with drawing & plan of the machine~shop as it now is, and
Wapping the machines and ususl routes that the various separator
parts new follow. ( Rue-print 1.)






The machines were numbered and identified with their particular jobs

in the following.

Jumber of
¥achine

O B ~ O \F & W BN

E &

MACHINE SFOP INVENTORY.

Kind of
Machine

Mi1lling-m

Eng. Lathe-

Enge Lathe-

Small drill press
Small Emery

2-8pind. Drill-press
Multi-spindle drill-press
Drill-press
Drill-press

Small drill press
Enge. Lathe

Eng. Lathe

Enge. Lathe

Arbor press

EFnge Lathe

Eng. Lathe

Eng. Lathe

Enge. Lathe

Xnge. Lathe

Job.

Tool-room
Tool-room
Tool-room
Tool-room
Tool-room

1.0pe3~-Frame Jig-drill

Jic=drill Cranks
7/8%-hole-56%

Bouse frames
11.0p.3-Prame-Jig-dril:
8mall parts

Small parts

Small parts

Press orank bushings

Bore and Fece Frames

Small parts
Small parts
’ .
] ]
] ]
. ’
] )




Fumber of
Machine

23
28
25
26
2

29

-2 R

50
51

52

53
54
55
56
57

59

Kind of
Machine

Eng. Lathe

[ ] [ ]

[} [ ]

[} [ ]

[ ] L ]

[ ] [ ]

] ]
Hobbing attachment
Enge Lathe

Small Dril}press
Shapey
§-Spindle drill) press

Hobdbing Machine
Milling-m. 3-cutter

Milling-m

Grinding Maohine
Milling-m
Hobbing Machine
Small mill
Turret- lathe
Milling m
Turret-lathe
Turret-lathe

Jodb

Hob Bronze
worm gears.
8mall parts

Jig-drill
tub.-shaft

Hodb pinion-
helical & worm—gears

Op.2-Frams and
mill eranks

8kim-milk and
eream holes-56%

Vorm-spindle

Small parts

Hob- worm-spindle.
Notch tud shaft

Drill & ream tud shart
Ope«D., tud shaft

Op.3 on btwl-shell.

Ope 4% on bowl-shell




Fumber of
Hachine

1

63
6
65

67
€&

CIC -

3
™

76
m
78

Kind of
Machine

Srall turret lathe
8mall turret
8mall drill-press
¥1lling-m
Milling-m
Btraddle
Drill-press
Heavy milling-m
Drill-press
Drill-press
Drill-press
Turret-lathe

Small turret-lathe

Heavy turret-lathe

Turret lathe
Grinding machine
Turret-lathe

Hack BSaw

Job
Turn Spindles
Small parts
Small parts
Op.C. Tub.8haft
OpeA Tubd.Shaft

Op«7=-Frams
Op.B-Tub.Sheft

Ope3-Frame

Tools

Op e3-Frame

Small-parts

Bore, ream and turn
worm gears

Rough-turn
tub.shaft

Face and d4drill
helical gears
Pinion gear shafte

Small parts




Owing to the laock of time, attention will be paid only to the
routing of the more important parts, as follows: frame, £16; tudbular
lhlft..588; spindle, 645; bowl-shell, 564; orank, 781; holto.l gear,
T73: pinion so‘r, 7€9; and worm gear 809. Having drawh the pressnt
routing plan, the next step was to ascertain whether the machines
now installed in the plant were used up to their full capacity in
the manufacture of the various partse 7To this end, the time slips
made out for about a dozen different days were carefully studied
end the important faots concerning the job, the time, the number of
pieces made, and the machine used, were tabulated. Ry this means
the detailed time and Job schednles of the various machines were
eccurately determined. Having this information in hand, the time
required for each machine to perform its operation upon fifty of
the parts with whieh it is usually oocupied, was eomputed. The

following route-schecule of parts was then made up?

ROUTE S8CHEDULE OF IMPORTANT PARTS

PART OPERATIONS YUM.of TIME TO
MACHINE MAKE 50
8pindle
PP Turn 61 ?
Hob. 5’ ?
Orinde. 53 830

M111 56 1530



PARY
BOWL~SHELL
564

Helical Gear
773

Pinion Gear
789

13.

OPERATIONS®

Drill 7/8* hole
Jace to Length
Bore & Turn
Finish out-side
Inspect
Jig-Drill holes
M111 15/32% hole
Mi11 2/32¢ slot
Ream Neek
Inspeot

P4t up on Bench
Inspect

Polish

1%.Tin

15

1.

2. Rough Turn and Bore

3.
4.
5e
Ge

Inspest

Grind

KEand Ream

Finish Turn
and

p 7.1}

HRob.

Cut-0rf
Turn

Hob

Mil1] Spots

NUM.OF

TIME TO

MACHINE  MAKE 50

8
59
59
60

10
52
52

»

Lathe

Lathe
Lathe
50

Idle
Mill

5200
7215
5:00

2445
3:15%
3300

6:00

5:30
1:30

6:48

~ w0 <« -
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PART

WORM GEAR

Tub Bhaft
588

816

CRANK
781

M S am The i m

OPERATIONS

Drill & Ream
Straighten
Turn Bevel
Hod

Rough~-Tusn outside
Turning to 8ize

flm Op Ao
'lill Op-B
2 Cutters
f‘ill Op.C
#M411l Ope.D
Mill Noteh
Drill & Reanm
leGrind
2.,M1ll-hudbs
3.J1g-drill
bearing holes
4 .Ream
5.Bere & Pace

6.Mil1]l Baok

T.Jig=~drill small holes

Rouse boss

8.Mil)l Btop-sorew doss

Grind

NMill Faoces
Jiq—drill & Ream
Press in Bush

NUM.OF
MACHINE

12
12
13

29 or
50

™

6
Eng.lLethes

65
67
6
58
56
57
51

68 8 70
1.B.
15
67

6 & 10

9
56

51
8
14

10300
5300
8300

10200

12:00
7:30
6230

11100
§:00
7:00
5:00

10:00
2100

2:00

1:845

6100



OFPERATION AND [NACHINE

ITiceinvg Of A
racrHive OF.

PMiene OrB
rpcrinve 67
%

Miewvg 0~ C
1r1acHinE 64.

Mieive OF.0.
176ctuve 56
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This route-schedule sufrices to show clearly that if the daily

rate-produstion were inereased to fifty, not more than one or two

of all the machines would dbe seriously érowded by the press of worke.

To still al) doudbt regarding the ability of the few multi-purpose

machines to teke care of the various jobs thrust at them, & separate

time schedule was made out for them.

This schedule clearly indi-

cates that only two of the multi-purpose machines need de oporafod

at their ten-hour-dey capacity.

Kum. of
Machine

50

51

56

67

This schedule follows?

TIN: BCHIDULE

OF

Jobs

Hob Gears:
Helical

Vorm

Mnion

Op.2. Frame
Mill Cranks
Notoh Tub-Snaft
Op.8, Frame
Nill Spindle
Op.7, Frame
Op.3, Tud Shaft
Drill Cranks

MULTI-TURPOSIT MACYINES

Time to
Make 50

6330
1345

2300
1330
5300
5:00

2200

Idle time
in 10hr.day

None

None
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Having thus clearly established that the present equipment
ought to be capable of handling a deily produstion of fifty sep-
arators, the next step was to arrange the machinery in its logioul
erder. This new order is shown on Rlue-Print 2. In laying out
the plan of re-srrangement, a constant effort was directed toward
& realisation of the following shop eonditions of industrial
efficiency.

l. Accessability of nachines, esrecially thcse at begirning
and end of a route path.

2. Logical arrangement, consistent with capabilities of
mach ines and the line of least resistance for the work.

3¢ Minimiging of trucking worke.

4 Naximm day-illumination.

In the proposed plan, at least the first three of these have
been realized. The route-lines show the uselessness of trucking;
the work may be handed fLrom one machine to the other. The work will
need trucking only when it is drought into the shop and sgain when
4% leaves the shope It 1s estimated that this routing plan would
enable the company to dispense with four of the present truoking
force eonsisting of five men. The saving that would result in this
department alone would amount to approximately $2000 per year, at
& conservative estimate.

A logical arrangement of machinery would eliminate practically
81l of the operating confusion now existing in the shop. The work
would flow more smoothly and quickly from one machine to the next.
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The capabilities of the machirnes deing known and ascounted for in the

new arrengement, eash mashine would be taxed to its full cspacity,
desreasing overhead eosts and theredby lessening the cost of péo-
duction. laoh.-aohino will be given its specified work to do, and
all congestion resulting from the present plan of londing.work at a
machine with no derinite knowledge regarding the machine$ Gapecity
to handle the work will be relieved. In the new plan, the work
always floews in one direoction and no Job ia allowed to interfere
with another, all of which tend to minimize disorder within the
shope

Under the new plan, with the 407, increase in production, there
will be a few machines that will be used at their full capeeity,
which is the 1deal way of using machire-toolse The spindle hobbing
machine will probably be used at its full capecity. The hodbbing
machine will undoubtedly dbe kept dusy all day dy the hobbing work
upon the three gear-wheels. The drill presses 68 and 70 will be
kept busy 11 hours each day and to take care of the overtime dril)
Press 69 (identical with 68 and 70) was placed adjacent to them in
the new plan. Lathe 57, borins and reaming tubular shafts will be
required to work 12 hours a day at its present rate of operation.
Inveatigation shows however, that the drilling operationz are not
done et more then 75% of the speed of which the drill is capabdle.
The §% hole, ¥* deep, ought to be drilled at a feed of .01 per
revolution and at 110 revolutions per mimute.§ At thias rate, the
hole should be drilled in ¥ minutes. The #* hole should be drilled
in half of that time, since it is only half as deep. The combined
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drilling operations on the tubular shaft should not total more
than 7 mimutes, and sllowing for chucking time, this machine should
work at the rate of one every 10 mimates or 50 1n & 9 hour day.

In the new plan, the same number of maohinas will be available
for other jobs, as the present plans provido. These are shown on
both plans, and for the most part oconsist of engine lathes, In
the re-arrangement, drill-press 66 and shaper 32 have been moved

into the tool room, since they are used mainly for tool-room worke.

CORCLUYICON.

The plans clearly show the defects of the existing system and
the advantages to be geined by a change of the interior shop arrange-
ments. That the present equipment is oapable of & 304 increase in
the production-rate, has been conclusively demonstrated by a close
study of the capabilities of the machines. With the elimination of
the existing confusion, end the substitution of systematie routing
of parts, for the plan now followed, there ¢an be no reasonable
doubt that the plant produsticn will be greatly inoreased with no
further investment in machinery '
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GENERAL SUGGESTIONS.

In the consideration of the routing system, the writer has
insidentally thought of other suggestions for chunges, whioch are
here set forth in brief form. It 4s thought that any of these
suggestions might be investigated and found to yield very profit-
able possibilities.

INBPECTIONS: Whenever possidle, it is advisadble to perform
inspections in the machine shop, since thén there is no need for
the maintenance of expensive trucking orews. 7To this end, inspee-
tion benches should be established at such points in the routes
of the various parts where inspections have been found necessary.
Instead of the expense, inconvenience and confusion of having
the work drought to the inspeotor end later trucked back into the
machine shop, the inspector can visit the various inspeotion
benches established in the shop itself, and thus eliminate much
of the oonfusion and al) of the trucking expense incidental with
the present system.

1f, however, it is found inadvisable to ealter the plan of
inspection, the method of doing the necessary truck éan be easily
and profitably changed. The parts of the seffarators, as they ocome
from the various machines should be deposited in suitadle boxes
or frames, which ean in turn be easily loaded onto or taken off
of the trueks. The present practice of picking the pats from the
floor and transferring them one-by-one to the truck and unlosding
them at the next machine in the same manner, is all tremendously
wasteful of time and money.
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A very good system of truoking is exploited by the Cowan
Truok co., of Holyoke, Mass. Their edvertisement appears on page
55 of the May 22nd mumber of "American Machinist.®

The inapection system now in use, is very complete, - possibly
toe mach 50« In many instances, the work is inspected two or
three times in the very sarly processes of its manufasture. The
purpose of these early inspeetions is to prevent any operations
being done on unfit material, and tc secure the rejectment of
such materisl as early as possible. Manifestly however, these
early inspeetions should not be done, unless the cost of the
sudbsequ ent operations on such material would have been greater
than the cost of inspection. Whers spolled work ocours only rarely,
it is not economical to maintain a system of early inspections to
eliminate such work. It would be mors profitable to 1et such
work go through to the final inspeetion for rejectment. In any
oase, the ocost of sarly inspection should be less than the cost
¢f the damaged material rejected. In other words, early inspeetions
should pay for themselves, or be discarded.

The mechanical work of inspection could be more efficiently
done by means of en applicatimm of the principles of motion study#.

WAGE SYSTEM. In view of the thoroughness of the presmnt

system of inspeetions, it might de found advisabdle to change the
hour-wage system 40 a piece-rate or bomis-rate systeme With the

# Gilbreth -~ "Motion Study.®
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hour wage, ¢arly end extensive inspeetions ought to be unnecessary.
With & piece or bomus~-rate, greater production would be secured,
but the degree of inspection would need to de raised.

TIME BLIPS. The time slips ought ociearly to give the follewing
very valuadle information! l. Jod and operation; 2.Pieces mads;
3.Time consumed; %.The workman's number; and %.The machine used.
These items will furnish means cf comperison of abilities of men
and of machines for doing a eertain piece of worke. It will then
be possible to select the man and rechine best fitted for a certain
Jobe This specialization is advisable, because the time slips
now show wide disorepencies in the abilities of two men to per-
form the sume operation. Obviously, the best man should be chosen
for any particular job, and hLis fitness for a job ean be determined
by his records of productivity of unspoiled work. In furtherange
of this idea , a record should be kept of the amount of work each
man spoils, and more than a reasocnable amount of spoiled work shculd
De sssessed against him.

An hour-rate means leisurely worke There is no stimlus for
getting the best results out of a man. The fact becomes especially
apparent after a short study of the time-cards of the grinding room.
Some jobs, notadbly roush grinding, dnlling etc., sould be placed
upon a piece-work basis very easily and with better results than
are now aghisved under the hour-rate system.

SMALL PARTS. Ths small parts, such asscrews and dolts etc.,
fan be bought of companies who made a specialty of sush work, mere
Gheaply than they can be made. Some perts, notably the spindle
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bearings eould provadly be die-east of white metal more cheaply

then they ean he made.

FINAL SUMMARY.

The physieal shanges, such as the re-arrangement of machines
and the systemstizing of the trucking and inspeeting plans, could
Do easily adopted with scarcely any friction being evolved with
the workmen. Chancres of wage and the like, would howovér require
& great deal of diplomaey and must of necessity be tharefore made

very slowly and tactfully.
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