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HE pew 600-ton blast furnace plant of The Trun-

bull-Clitfs Furnace Company was completed on June

14, 1921. Work on the plant was started August 15,
1920, On that date the site was an open field on the
Mahoning river across from the Trumbull Stecl Com-
pany and without railroad conneetions. In one day less
than ten months the material and equipment was erected
and placed in position, the tracks in, the vard graded
and fenced in, machinery turned gver and plant ready to
make pig iron—in short, everything completely finished.
This is record time for construction of a complete blast
furnace plant. ‘

The plant arrangement is laid out for future instalia-
tion of additional blast furnaces as well as for a by-
product coke plant. Thronghout the design, provision is .
made for extension without interruption at the pumping,
power and boiler houses, furnace and cast house, Stock
house and stock yard, casting, switching and other opera-
tions. Moreover, an extension of water lines, sewers,
transmission lines, tracks, stock houwse and stock yard
developes with minimum expense and effort from exist-
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New 600-Ton Blast Furnace Plant§

The Trumbull-Cliffs Furnace Company New Plant at Warren,
Ohio, Now Completed—Many Interesting Features Constructed
in This Plant—Record Time Made on Construction Work.

October, 1921 §

_ e plant is espeeinlly notable Jor having enbodieg !
in its design all the proven and sound celements developeg
i yewrs of American blast furnace plant constraction
and operation, and in uddition many improvements which |
experience of the last few years bas taught. These ney’
ferfures are not experinenial, On the contrary, they
ao to make up a fully reliahle plant built on nccepied and
conservative lines,  FEvery guartaty is embodied that goes
to instee good tonnage, economical practice and conting.
ous operalion. The plant s remarkable for the absence
of the cruditivs sucli as usaally accompany design and
huilding for rough manufacturing such as blast furnace
npt;{:niou is usn:_ﬂly assumed (o be,  Considerable atten-
o has bren given to appearance and there has heen
a successful application of architectural design to offices,
power huildings, trestles and Dridges so that 'thcy present
a dignified and pleasing appearance.

The layont of the plant is apparent from Fig. No, L
Present rall comnections are the Pennsylvania and Erie
railronds aeross the Mahening river, but an additional
connection is {o be provided in the {uture at the opposite

ing units. As a typical example of provision for expan-
. sion, the boilers are so designed with high settings and
distinct combustion chambers for gas and coal firing, that
stokers may be installed in the existing settings and the
“electric power output of the plant increased up to
12,000 kw. .

Throughout the plant the professional man as well as
the casual visitor is impressed with the exceedingly care-
ful stidy devoted to details, the cobrdination of groups
of allied occupations, provisions for safety, cleanliness
and easement of conditions of labor and the provisions
for elimination’ of hand Jabor in the handling of raw
materials, products and waste,

Fig. 1—Bection through the new plant.

end of the plant by the Baltimore & Ohio raifroad, AS
will De seen, the plant is laid out prinvarily for deliver
of hot metal to the mixer at the open hearth building ol 3
the Trumbull Steel Company, and for the time being al
raw materials are routed into the plant over the three- §
track reimforeed concrete hridge which also serves as the
delivery track for hot metal to the Trumbull Stqel_Com—
pany. ‘ )
Approaching the plant over the bridg
comprehensive view of the entire layout .
through the plant, he is impressed with the subé{taﬂﬂﬂl
consfiuction, with the completeness of the equipment
and the new appliances and practices introduced to beter
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the practice and economy of operation. A new feature
is to be found in the provision for screening of the coke
at the furnace bins, This consists of two rotary grizzly
screens, each screen having eight motor driven shafts,
These shafts carry discs, and the shafts and discs are
so spaced that the rotary grizzly removes material under
34” in size. The flow of coke from the bin to the grizzly
is controlled by a cut-off gate and also by a rotary vane
feeder. This provides a steady and even flow of coke
over the grizzly. Emergency operation is provided for in
a gate and a dead plate furnished over each grizzly so
that cole may be by-passed direct from the bin to the skip
hoist bucket in case the grizzly is out of operation. Under-
neath each grizzly is a hopper, one hopper. delivering
braize direct to a braize elevator, the other delivering
braize to an 18" belt conveyor discharging to the braize
elevator boot. The elevator is a belt and bucket type de-
livering to a 24-hour capacity bin. The motors driving
the rotary grizzlies, the feeders and the ‘belt conveyor
and elevator are electrically interlocked so that the motor
driving the vane feeder and belt conveyor cannot be
started until the motor driving the rotary grizzlies and
the belt and bucket elevator is running. There is also
provided a 20% speed variation on the motors operating
the rotary grizzlies.

The arrangement of cast house is the next outstand-
ing feature. The cast house is very modernly constructed
and has a 94'6" span, 4-motor Cleveland Crane & En-
gineering Co. crane of 25-ton main hoist capacity, with
a 5-ton auxiliary hoist. It spans not only the cast house
proper from the foot up to the furnace fromt, but also
spans two tracks, one of which constitutes the hot metal
track and the other a track for spotting of cars, for re-

“moval of scrap and rubbish, and for unloading into cast

house of coke braize, clay and sand. This same crane is
also utilized at the slag granulating pit at the foot of the
cast house and for this purpose is equipped with a Hay-
ward 134 cu. yd. bucket, having perferated bowl and
manganese steel lips. The crane serves to unload from
car or truck and places upon the skip hoist house plat-
form, the motor armatures for the skip hoist or :other
material required.
crete structure providing storage for sand, clay and coke
braize, in which there is also provided a mixing room for
the preparation of these materials.

Convenient access is provided not only by means of
stairway, but also by means of an easy incline up the
stove foundation to the cast house floor. The grouping
of a number of allied operations which must of necessity
come under the eye of the blower at the furnace is very
noteworthy at this point. The stove platform is at prac-
tically the same elevation as the cast house, the cast
house being reached by an easy incline not over 2 ft.

in height from the stove platform. The stock bins are -

easily reached by a walkway-from the cast house. This
walkway passes the skip hoist house where the skip hoist,
bell operating cylinders, and distributing mechanism are
pliced, and also passes the skip incline proper. The
blower foreman is thereby able to watch not only the

work"in the cast house and about the furnace, but, with-

out getting more than a few steps from the cast house he
can always check up on stove practice, or by watching the
skip buckets, on the regularity of filling.

Provision is made so that the furnace can be rodded
from the cast house as a check upon the men in'the stock
house. The shutters in the iron runners are opened and
closed by steam cylinders, these being operated from the
central control station at the furnace front where the

“K-‘ blas l' rumace

In the cast house is a brick and con-
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snort valve wheel, the control for the Berg mud gun and
signal apparatus are located as one unit. The cast house
1s supplied with a complete set of blast furnace tools de-
signed by the engineers.

“A new type of boiler setting has been installed by the
engineers as shown in Fig. No. 6. This provides a high
setting of the boiler and gives an exceptionally large volu-
metric space per bo. hp for complete combustion either of
blast furnace gas or solid fuel. The gas burners, consist-
ing of four 14” Birkholz-Terbeck burners are installed
at the back of the boiler. The combustion chamber for
gas is under the mud drum, there being provided a dis-
tinct combustion chamber of large volume for the burn-
ing of the blast furnace gas without dilution by excess air
through grate bars, or restriction of combustion by insuf-
ficient space, as in the usual setting. At the front of the
boiler, grates are provided for auxiliary hand firing. The
boiler is so designed that if increased power generation is
desired stokers may be installed in the place of ordinary
grates, without any work being done on the boiler other
than simply building on a Dutch oven extension. The -
design has proven to have several very important advan-
tages; it enables the boiler to be run at very high effi-
clency due to complete combustion obtained in the large
volumetric space, it enables considerable overload to be
carried on boiler due to the generation of high tempera-
tures, and it minimizes the difficulties due to encrustation
of the tubes with dust or ash.

In the power house considerable advance in design is
shown. Special attention has been paid to daylight light-
ing. Ample floor space is provided and the engineers
have incorporated all the successful features of modern
power plant design. These are described in detail in an-
other part of the article, but special mention should per-
haps be given to the high intakes provided for the turbo
blower, the advanced type of turbo blower installed, the
completeness of the electrical equipment, and the well
worked out system, of water circulation and re-use.

In the blast furnace proper the. engineers have de-
‘signed a furnace which represents the best development
in recent years with similar stacks built by them. The
arrangement on the furnace top has been very materially
improved as regards safety and convenience in work. The
mantle and column has been increased in section and the
manner of hanging the circle pipe, discharge trough and
bustle pipe has been improved. An auxiliary cinder notch
is provided. The iron and steel work of the furnace is so
designed that the furnace can be enlarged at succeeding
blasts if it should be found advisable. Other matters that
are described later, but which should received particular
mention, would be the evident care devoted to economy
in quantity of concrete in the foundations, trestle ap-
proach, highway bridge and pig casting machine; and
the new type of cantilever skip incline which affords
greater rigidity of construction, and increased room in

- the cast house and on the furnace top.

Particular mention should be made of the nnproved
gas main system which originated with- Mr. D. T. Crox-
ton. Contrary to the usual arrangement where gas mains
are led overhead both at the boilers and stoves, the Trum-
bull-Cliffs gas mains are placed underneath or outside
of the stoves and boiler house. "At the stoves the large
gas main from the gas cleaning. plant goes to a water seal
separator whence it is led along the piers of the skele-
tonized stove foundation. From this main pipes are led
directly up through the stove platform to the stove gas:
burners. The main is given a slope which makes it easy'
to ‘clean. On the boiler house side the large gas main:
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from the cleaning plant goes to s similar water seal sepa-
rator whenee it s Ted along al ahont vard clevation out-
side ol the hoiler honse hetween the engine and the hoiler
house. Phis i ix also given a slope and provided with
downlegs Tor cleaning.  [fyom this wain individual leads
are taken 1o cach hoiler, the pipe for the gas barners
coming np through the hoiler Twmse Qoor, This arrange-
ment of uins s conduvive hoth 1o cleanlivess of e
plant, eise i elenning of wains and Treedom from gas
about the stove operating platforn and inside the hoiler
" howse,

The grouping togethier as one it of all cdements of
gus clening, the very complete maintenance and repaiv
shop. and the exeellent provisions made {or the housing
of (he exceutive, general office, chemieal and police de-
partents should also be given speeiad mention,

Starting inowith the reeeipt of raw materials, the ore
and Timestone e nnloaded hy means of a Mead-Morri-
son movable car dumper, This damper has a 57-1t
eradle and a capacity of 320,000 1hs, and is guaranteed
1o handle 30 cars per honr, The eradle is provided with
hoth dynwmie aned aiv hraking and has o travel the entire
Tength b the ore and Hinestone vad,

Spanning e yvard s o Mend-Morrisom T1-lon man
trofey ore ridge. 1 hias @ eapieily of 000 tons per hour
fram the dumping pile to the stornge pile or from the
storage pile fo e bins, T method of handling the ore
and Hinestone cousists i the movable car dusuper placing
material i a conerete dumping trongh heneath the shear
leg cantilever of the bridge. The 11-fon hucket picks up
the materind and delivers it (o the main storage pile under
the span of the hridge, or to the stoek hins, or to the 50-
ton Atas Lransfor car when (he materials being handled
out of the stock pile are nol directly in front of the stock
bins inlo which they are heing detiverad.

Phe ore hridge has 1 cantifever at the shear leg end
of such fength as o permit delivery by the grab into rail-
rord cavs on the track approximately 32 0t from the
foot af the shear leg, Phis enables ore huickets Lo be
chinged and also enables the ore Dridge to handle repair
work at (he ey dwmper, 1L s v similar cantilever at
the pier Teg end so that the ore bridge can handle the
skips when they have (o e replaced on the skip incline.

The hridge has w travel speed of 70 {t. per minute and .

is of the skewing type, pernitting either the shear leg or
the pier leg to advance five degrees ahead of the other,
It is completely cquipped with safety devices to prevent
©over-travel of cither leg, Lo prevent aver-travel of trol-
]cy, and s cquipped with magnetic solenoid hrakes and
rail clanmps for provision against high winds.
The stock yard is 270" wide by 505’ long and has
a storage capacity lor 250.000 tons of ore and 20,000 tons
of Hmestone.  Operating upon the ore hins is an Atlas
50-ton capacity side duwp cleetric ore car, equipped with
air operated hrakes, doors and car pusher arm. The bins
are provided with a cross-over and suitable conductors
o that the transfer ear can work on cither of the two
tracks on the hins.

The ore bins were designed and installed by the

“Hoover & Mason Co. They consist of nine ore pockets
having a capacity of 3,120 cu. {t, each, four limestone
pockets having a capacity of 2,900 cu. ft. cach, and five
colee pockets Tuving a capacity of 2,900 cu. ft. each. In
addition there s one central double ‘compartment coke
pocket, cach compartment chuting coke to the skip bucket

aver a rotary grizzly screen. The rollers underneath the

limestone pockets are perforated for screening.

The scale cars are Hloover & Mason double compart-
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ment type, equipped with air’ brakes, air operated doors
‘}“d dial indicating and recording scales. Turn-out tracks
or the spare scale car are provided under one part of
the reinforced concrete ‘trestle approach, the other part
of the approach being bricked in to atford housing for
riggers’ tools, blast furnace spares, etc.

The control station for the skip hoist is on-the yard
level in proximity to the skip incline so that the skip
operator has a view of the skip pit, as well as of the skip
hoist track and the furnace top. The same station houses
the control for the bell operating cylinders, the Mckee
distributor, the grizzly coke screens and the bell indicat-
ing and rodding devices. ~Connection is provided fo the
cast house and furnace top by speaking tubes.

The skip incline is of the cantilever type. It is
supported entirely independent of the Dlast furnace
w0 as to avoid any side thrust on the shell, and is 171
ft. 6 in. long with double track for skip cars of the
trailer truck type. Skips are operated by a Lidgerwood
clectric double drum hoist, driven by a Westinghouse
200 hp . c. motor. The hoist has a rope speed of
300 ft. per minute and is designed for an unbalanced
Joad capacity of 20,000 lbs. Cutler-Hammer control is
supplied.  This hoist is Jocated in a concrete and brick
house under the skip truss and above the tracks. This
structure also houses the bell operating cylinders which
are actuated by air from the cold blast main. An
auxiliary air supply is provided - from the high pres-
sure compressor line, and this is automatically ad-
mitted through a pressure regulating valve in the event
of drop in the blast line pressure. The control board
for the McKee distributor is located in this house. This
control is for six-station, six-cycle cperation, but pro-
vision is made for installation of additional panels for
different cycles of charging.

The furnace top is of the standard double bell Freyn-
Trassert design, having also a McKee distributor. The
design of the receiving hopper and throat is worked out
to give correct distribution even when the charge is not
revolved., The entire top of the furnace has solid plate
guard rails and special attention has been paid to accessi-
bility of all working parts and for observing the distribu-
o of material in receiving hopper and for observing
the dumping point of skip. Bleeders are provided with
permanent rail platforms, as is also the outrigger. The
outrigger is provided with a trolley for facilitating work
of repair or relining. Access to the furnace top is by
nieans of interrupted flight stajrs up the skip incline and
also by means of a bridge from the furnace top direct
to the Otis elevator, and by a bridge to the stove top. An
extra large door is provided as the gas seal.

The six-passenger Ofis elevator is a worm geared
traction type, having a capacity of 1,500 1bs. load, fully
equipped with interlocking devices and emergency safety
features. It has push-button control and four Jandings.

The furnace is 92'x226" and has a capacity of 25,500
cu. ft. The iron and steel worlk includes a heavy continu-
ous cast iron sub-base. The concrete foundation is rein-
forced by tension bands and the column base and columns
are encircled by a reinforced concrete beam, extending

between the columns up to within a short distance of
the hearth jacket segments. There are ten cast irori cal-
umns and ten tuyeres, tuyeres being placed centrally be-
tween columns, thus affording good working room. The
columns are offset, which not only. allows miore room for
work about the tuyeres and places the columns and c?l-
breakout, but affords the possibility of enlarging the fur-
breakout, but affords the possibility of enlarging the fur- -
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nace hearth and bosh in the futwre. The colnnns are
one picee and entirely free from any cast-on n'nn'ln‘}:"-;
The bustle pipe, civcle pipe and waste water oug 1’ e
suspended Trom the mantle,  Speeial altention luis he :lv?
given the location of cirele pipe conpections and \\.u‘ v
water trough overflow so that there is ample 11’”’”‘“‘4]1-1",
bustle pipe walk and it is free h:nm nl;slvuct‘mxr.v T n’
hearth jacket is of the .\‘l:m(l.:u'tl I‘Il'('_\‘(l«"ﬂ‘.‘.l.\ﬁt'll l‘lhl”:!.f;tA
segment design, having cooling pipe cast a1 n-ntl .lyz .1‘\} 1_\
wedged, banded and bolted, 103s fapered, thus 1:}9111!.}:: |
ing a safe thickness of hearth witll qyrtinst erosion e
breakouts and also maintaining ample hrick at the hullmﬁ
to prevent shurt holes and to prevent the hearth h.ln\ L‘
from rising. The tuyere breast consists of s salid avn
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wheve tegquivet, than s the spper part where an exees.
sive depth of D would be detvmenial, N interior
water conadngs vopiven the g adove the e, by 4
R EIRTICETUIN R RE R wath cannechinng as atfised (g the
whell comd o penmanent phattons ol provided at the
spray Pl plattonn e reached by s et beidge from
the shap whne steps A new n[«~ua;;11 o h{nlt and tuvere
et phete el Tuveng batiles it pive mare posi-
faer varesdaton o water amb enabde the plae 1o e more
Fasth witlidawn o the evend of 30 beconning eencked
or lproed The héanth walbe are eonded by the east jron
vonttmy papre o e bearth pebhet, whivh extend approxi-
nadeh 2 Delow the dlevatman o dw Gygong hole, The
ok T s affosdied podertion by vt o wearing
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Fig. 12--General arrangement of Blant Furnace

of 124" plates with openings for the 10 tuyeres and for
the bronze cooling plates.  The hosh is reinforeed with
eight 1347 thick bands, the bands being held by east steed
distance pieces to prevent stipping, The mantle is of a
specially heavy built-up plate angle construction and is
“provided with a trough with drainage provisions for col-
lecting shell spray water. The furniee shell, which is
especially designed to meet modern furnace lines, is of
butt strap construction on both the twe bottoms rings and
the top ring. The intermediate rings are of double Jap
-tiveted construction, The shell is surmounted by a dome
on which the lavge bell hopper ring is riveted.

. The furnace is l_ined with General Refractories Olive
Hill steam pressed fire brick, the thickness of lining being
heavier in the lower inwall, to afford maximun thickness

plites af high combinet cedem content,  These plnt(fﬂ
are L dngeprnd wish e B and are of saall surface
dimension i each unit i

The bstle pipe is dneadated]  with _luims-M:mvxllc
Vitro Fiee Felt amd casement aggaivst thrnst against the
cotinms by expanasion of the ot Bhied midn s provided
in a0 expansion joing,

“Green” unlined toyere staeks ave used,

“The hiest blasl stoves e three in paumber, with 4 total
heating surface of 285000 sq. {1 They are of the two;
pass side combustion type of the standard f‘rq_vn-Brals;s?;
design. The stoves hive a Iuilt in draft fine in the ske
tomized yeinforeed eoperete foundation, this fine lend{ng-
1o an B x225° Heie reinforeed conerete 5}:\cl:. 17”‘3;
lined throughont, The stoves are equipperd with blow-0
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stves turned down into the chimmey flue, standard
Freyn-lrassert  cquipment of quick closing  chimey
walyes, pas hurners and gate type It hlast valves,  Dro-
ton is made Tor the Tainee fnstallation of an addidonal
ot blast stove,  These stoves have JL checkers with
" checker walls, the design of eheckers, arch wnd draft
hamber cqualizing (he flow ol gas down trough the
heckers, thus avercoming the usual tendeney  toward
egregation of flow of gas in g Hmited number of checker
penings. The stoves are fsubted with Si-O-Cel pow-
der and brick and are Hned with General Refractories
ze brick; hand made inwill quality is wsed i the com-
dsiton chambers and donie, and sleany pressed inwall
quality n the top of 1he checkers, The ring wall and
ottom of checkers as well as deadt ehmber piers and
rehes are made of stove quality. The gas main leading
o the stoves is cquipped with o butterfly valve which is
ntended Tater on to attach to i new Frevn-Prassert de-
Bision of pas pressure cqualizing cquipment to maintain
Ciconstant pressure in the stove gas main,

The cast house, which is pn the same elevation with
he hot blast stove operating platform, is Taid out to yan
cinder cither to cinder Tadles oy to a cinder pit at the foot
of the cast house,  "Phe iron runners are laid out to deliver
o three 75-ton Pollock short-pour hot metal ladles.  The
finners have a Tall of 547 o the foot o give a minimum
amount of scrap.  Coke dnst, sand, Toam, clay, furnace
dols; copper, cte., are hrought to the east house, and the
25-ton cranc, spanning the cast honse, the hot metal track
adjacent to the retnining wall of the cast house, and the
working track outside of the hot metal traek. The mate-
als are placed in a permanent hrick and conerete shed
side of the cast house,  The equipment of the cast house
ncludes a, Berg-Brosius clay gun, which was specified
not only as a salely measure but also {or the purpose of
keeping (he hlust an the furnace and gas on the hoilers
Cover casts. The working cinder noteh is 45 degrees
from the iron notel.  An auxiliacy cinder notch is pro-
vided, this Deing fitted up with a standard cooler and
dtermediate cooler so that cinder can be withdrawn here
an emergency. The shutters are all of the Fraser re-
ote control type, and snort valve wheel, mud gun con-
rol and shutter control are all located at one point.  Spe-
fal lighting facilitics have been provided and there are
an abundant nuniber of hose connections for hoth high
and low pressure water. Steam and air are piped to the
st house for use on mud gun and for other casual re-
quirements.  For the purpose of communication there is
g s;geakm;: tube from {he cast house o the ncarhy opera-
’s house and to the furnace top, and there is also a
plex signal apparatus connecting the cast house with
e boiler house and power house.

“The gas is taken off the furnace hy four offtakes from
-annular space ahout the hig bell hopper, which reduces
he average gas vclocity and reduces the production of
‘e‘dyst. These Tour offtakes lead to four uptakes, two
which are surmounted by Baer safety explosion valves.
he. uptakes lead into four downtakes, eaclh two combin-
g into one downcomer. The two downcomers, enter the
st catcher radially.

. The gas cleaning system is located hetween the boiler
A guse and the blast furnace. It consists of one 22'x40"
2. #8P g dust catcher for primary cleaning of gas. The gas is then

;!f‘ ’*’”ggfﬁ ed to a 12'6” Brassert tangential whirler where further
Lok # amounts of fine flue dust are removed. From the
g@ﬂ{ﬁk hirler the gas is led through a series of goggle valve by-
# B2 5 Dasses so arranged that the gas can be handled in a

riety of ways. It is contemplated to run—and the sys-
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tem 18 thus arranged—so that all the gas is led through
the Prassert gas washer, thence through a water seal
separator to the main leading to the hot blast stoves and
to the hoilers. If “desired, only the stove gas may be
washed and gas sent from the whirler direct to the boil-
ers, or i an emergency rough gas may be sent to both
stoves and hoilers.  All these gas cleaning elements are
Tocated in one unit, completely equipped with platforms,
thus making easy their supervision and care, and- are
standard equipment that have been used on upwards of
90 installations embodying well worked out means for
oltaining gas with not to exceed 0.2 grains of dust per
cu. ft. The washer is of the latest type of Brassert
washer and has a novel arrangement of sprays which pro-
duces a large mass of spray having an intense whirling
action. Not only is there an appreciable economy effected
in the use of water, but the washer handles and cleans
dirty gas even better than heretofore. To eliminate the
nuisance of dust, which has always been such an annoy-
ance at blast furnace plants when the dust catchers are
dumped, Mr. D. T. Croxton has evolved an arrangement
which will deliver the dust from the dust- catcher and
whirler to the cars in a moist state. This consists of a
Bartictt-Snow double screw enclosed conveyor which is
attached to the dust catcher by means of a special screen-
ing casting. The dust flows through this screen and falls
into the Arst stage of the double screw conyeyor. This
conveys the dust down into an enclosed trough of water
and delivers it to the second screw conveyor which again
lifts the dust out of the enclosed trough and delivers it to
the car. The dust in passing through the double screws
submerged in the trough of water becomes thoroughly
pugged and eaturated with moisture. The coarse mate-
rials that do not pass the screen leading to the pug mill
gao to the hottom of the dust catcher where they are re-
“moved by occasional dumping of the main dust catcher
hell. Tn an emergency the entire contents of the dust
catcher ntay be remaved in the usual way. :

The gas main system consists in branches from the
gas cleaning plant to both the stove and hoiler gas mains.
At hoth the stoves and boilers water seals are provided;
in addition a further complement of water seals is in-
stalled so that the stoves or boilers may combinedly cut
off from the entire gas cleaning system at cast or shut
down, so that the wet cleaning system may be isolated
from the dry cleaning system, and so that the entire sys-
tem may be isolated from the furnace. These water seals
arc provided with farge capacity lines so that water can
be admitted and the seals filled in a very short time.

The blast main system starts at the turlbo blowers.
The discharge from the turbo blower is provided with
an Ingersoll-Rand multiple port disc check valve. Motor
operated cold blast valves are provided outside of the
power house building. The cold blast main leads directly
to the hot blast stoves, being provided with two counter-
‘weighted blast relief valves and the usual snort valve.
The snort valve discharge is turned down into the stove
flue. The by-pass leaves the cold blast main at its end
and leads around No. 3 stove, entering the hot blast main -
at the extreme end from the furnace. It is provided with
a McCarthy check and regulating valve.

The boiler house is 150 ft. long by 55 ft. wide and 43

" ft. high. It is of brick and steel construction with corru-

gated steell monitor type roof. All window sash is of
steel, Truscon type, glazed with factory rib glass.

There is provided 4,000 hp in units of 800 Class “M”
Stirling four-pass boilers, built for 231-b. pressure and
125 degrees superheat. All boilers are gas fired, being
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equipped  with {our improved 14" dirkholz-Terbeek
burners. These burners are placed at the rear of the
hoiler under the mud drum, the mud dram heing set at
an elevation of 10 It o provide Targe distinet gas con
bustion chamber.  The burners are provided with wneans
{or removal of cone for cleaning. Control of gas at the
hurners is hy means of hutterBy valves on the individual
legs to cach hurner, and shut-oll of pas is by means ol
one large gate valve in the main leading from the Jarge
boiler house gas main outside of the building. In addis
sion this main can he filled with water to form o wider
seal valve, thus safely isolating any particular boiler when
itis to be entered Tor cleaning or repaivs, The boiler
house gas main itsell is outside of the huilding at yard
level, and dust removed from the main is w:u«‘hot} through
a concrete trench direet to the sewer,  The main has an
auxiliary bleeder at its end as does also the stove gas
main, )

The boilers have provision for anxiliary voal living,
being cquipped with Marion shaking grales, Coal is
Drought into the boiler house hy means of « track hopper
which discharges onto a Jeffrey helt conveyor, This con-
veyor ‘was msed in the coustruction work Tor haudling
brick and has heen reinstailed ab the boiler house to elini
nate the Targe amount of hand laher nsually employed in

unloading coal, This Joffrey belt in turn discharges i
Weller Manufacturing Company shuttle conveyor which
runs along inside of the boiler house, hy mweans of which
coal can be discharged to any peint along the boiler house
floor. T'here are ash hoppers attached to the ash pits of
each of the boilers. These hoppers are provided with
gates at Such clevation in the hoiler house bisement that
a large truck can run heneath the hoppers.  There is yro-
vided a concrete runway from yard elevilion down into
the basement floor of the boiler house, and ashies will he
dumped direct Trom these hoppers into an auto truck and
used for Al on the praperty.

The Doiler draft requirements are furnished by a
225'x12°0” reinforeed conerete siack built by the Heine
Chimney Company, brick lined throaghont,  The boilers
dre conneeted to this stack Dy an insulated steel breechs
ing. Other equipment in the boiler house consists of Wil-
liams feed water regulators and Babeock & Wilcox hitre
tube superheaters.  The boilers are substantially built
with particular reference (o resisting pas explosions, and
the front so constructed that by addition of o Dutch oven
any standard type of stoker can be placed in the boilers
in the event cither of expansion ol the plant or desire to
generate additional electric power with the existing unit,
T.h;: boilers arce placed singly, right and left seltings, 6’
aisles, .

The boiler feed water is normally taken from the
service water mains of the blast furnuce plant, it heing
delivered under standpipe pressure to thes We-fu-go
water treating system installed by Wm, 1. Scaife & Sons
Co. This i{s an jutermittent cold process having a capacity
of 20,000 gal. of water per hour. Irom the We-lu-go
system a 500-gal. capacity pump, provided with a spare,
pumps water to two Cochrane 4,000-hp open type feed
water heaters. From the heater water js delivered to the
boiler feed pumps. These are 4” four-stage double suc-
tion 500-gal. 600’ head Worthington pumps, driven by
Terry turbines. From the boiler feed pumps water is de-
livered to the hoilers by means of.an insulated hoiler feed
line. An auxiliary boiler feed line is also provided for
emergencies, The two centrifugal boiler feed pumps are
supplemented by a Worthington Duplex 500-gal. 300-1b.
head reciprocating pump, which is cdnnected up so that
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for nornial operation it van furnish high pressuee wager
{or Nire seeviee, ur o the topof the furnace, or aroyng
the hlast Daenaee md eist hotise Tor Susbing, couling cop-
per, vte,  ATE tiese pamps are i the power house hase-
ent and one opevating saffiees to take e of the boilers,

The hoiler hottse s Iaid out o perinit expansion (o (he
wnth for additiomd hodlees, ackditional Bt furace wnitg
ad coke pvens,

The poswer honee, whneh is 1"‘4 £ long by 60 11 wide
W A3 01 Traut fiest oure, 18T high Bisemient, s also of
briek e steel eonstrneting, - Partiondiar attention was

paded 1o day Nighting amd ventilation, The Tlowing equip-

pient vamsists of two Ingersoll-Rind tarbo blowers. The
air blower has Dive stapes aned the stewm turhine seven,
These blowers hive o maminad eapueity of 45000 cu. ft,
af aiv per minne at b, pressare, aned will low 85,000
eu, [ of abr per wimnge at 221 pressure. The turbines
are of new Tongersoll Rand design, having hat {wo steam
adimission vadves, one for novmal Toud and one Tor over-
Toael, The vegulating devies is also of an fuwproved type,
consisting of a sfgde venturd instend of the old type of
triple venturi. The single vemtart s ot so sensitively
allected by Teaks in the dntahe T, nor by dust or divt in
the wie,  There isonoseparate aiv indake Tor ench blower
which is led ug i ennsiderable distanee above the power
house roal,  Jtecording pauges are provided on cach in-
ke 1o record the amonnt and reguliority of blast volume
blown.

Flectric power is peverated in vither of two Allis-
Chalmers 1250 k. v, ., 809 po o 2300-valt, 3ophase, 60-
evele 3600 v, po o turbine generstors equipped with di-
reet connected exeiters, A portion of this power is truns-
witted o the viver puamp bouse at which there are in-
stalled three 280-hp 2300-volt, 760 r, po oot induction
motions deiving the centrifugal pumips. These motors are
af the wond rator tepe aud are egqaipped with primary
il switehes and seendary dram eontrol, dlectriealiy inter-
locked,  The motors were Turnished by the Alis-Chal-
mers Manufacturing Congany and  the control switeh-
busrd was axsembled Dy the engineers Trom parts Tor-
nished lirgely Dy the Westinglumse Flectric & Manufac-
turing o,

Phe Itk of the eleetrieal poser required at the plant
is oo and to fuenish s there weve installed in the
power house (wo Allis-Chalmers 750-kw, 720 r. pom
motor genernlor units, snpplyimg direet eurrent at 230
volts, The driving anits are 1160-hp 220-volt synchros-
ous molors, excitation heing taken from the docounis.
The synchronms mmtors are started from auto trans
formers al 33% vultage in order to minfmize the st
ing demand on the generastor units. The power house
swilehboard contains 10 panels divided into an ac see
tion of eight panels and o d. e section of cight panels.
The arrangenent is sneh U foture additions may read-

Aly De neeonnnodated,

The n. ¢ switchbonrd s of the remate dectrical con-
trol type.  The oil switches are mounted in the rear of
the hoard, liberal space being allowed for aceess,  Of par-
ticular interest perhaps is the arrangement of a plug
switeh on vach . ¢, panel connecting with the power fac-
tor meter, therchy enabling the total power factor to he
determined as well as the power factor of the individual
generators, synchronous motars and feeders. ‘

The d. ¢ Teeders emanate from the power house d:rect
to the car dumper and ore bridge and also to a ghstrd}u—
tion center at the blast furnace,  1ere the skip holst,
transfer car and scale cars, coke hrajze systent, :}11(1 cast
house crane are fed.  Another feeder terminates 2 dis-
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tribution center at the ply casting wachine, from which
the strand drives and Luelle house erane ave Ted. The m:v\-
chine shop, office and power house auxiliaries are fed
from the distributing panel of the power house switeh-
hoard, The greater portion of the electrical distribution
is undergronnd, Tiberal duct space being allowed for fu-
tare growih of the entire system. The {ransmission (o
the river punp house wias installed overhend for the rea-
son that it portion of this line passes through territory
gubject (o foading.  Duplieate feeder pancels and feeders
are supplied for this line to cosure continuity of service
and to further protect the primary service p.nmps provi-
sion ds made for connection to the Tramhull Steel Conv-
pany across the river.

The lighting system for the plant is exceptionally
complete and elfective, A three-wire 115-230-volt sys-
tem is mstalled, There are (wo transformers at the power
house, one at the skip huist and one al the pig casting
machine. o case a transformer burns out, one of the
anits at the power house may be wtilized for replacement
and the lighting in the power house istrict temporarily
reduced.  Whoerever BCCCssary Tunps are prolected from
mojsture s all Tamps have suitalle reflectors and all inac-
cessible Tamps have disconneeted hangers. There is far-
thermore installed an anxiliary lghting system for emer-
gency use, this heing supplied from the e citer bus.  The
power and lighting mstallation is of exceedingly high type
and safety for the men s provided in the shape of
Leonard safcly switehes installed ahead of all starting
and control equipment.  Bvery detnil has heen arranged
and installed in amost thorough manner, )

Steam Hnes for the plant are in duplicate, consisting

of a large 1hain header haying capacity for the entire
steam demands of Dlower, generator, pumps and auxiliary
machinery in the power house. I'his is supplemented hy
another header ticd in at four points so thal in the cvent
of replacement of any fitling or gasket on the main
header, a stufficient number of hoilers can he tied to the
power honse, cast house and pig machine operation. This
auxiliary line has sufficient sapacity Lo run the blower and
pumps with some reserve for parfial load on the genera-
tor. The main steam lines are carricd on brackets in
the hoiler house up to the tmnel which connects the power
house and boiler house, where they are led direct to the
power house, This same tunnel also serves for the hoiler
feed Tines, high pressure water Jines, service water lines
and electric conduit, and is the regular means of com-
munication hetween the power house and hoiler house.
All steam lines 10 blowers and turbines are underneath
the main power housce floor, thus presenting a very neat
appearance.  Steam fines and boitler feed lines are all
covercd with 85% magnesia insulation and have a very
adequale ciquipment of drains and separators.
isting lines, inclusive of the main steam header in the
boiler house with its lead to the power house, from the
first element of the eventaal power and hoiler plant, when
the header will expand into a complete loop system with
additional eross connections hetween the power house and
boiler house.
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1 ) The power house is served by a Cleveland Crane &
e Ellglqeering Co. 15-ton 4-motor crane, having - 5-ton
14 auxiliary hoist. Other equipment in the power house
o consists of a Worthington steam driven 2ir compressor

. having capacity of 300 cu. it of frec air per minute; the
double rohmne feed water heatev; a 100-gal. Worthing-
ton reciprocating punip that pumps treated water to the
offices for washroom and lahoratory service; two 5% 500-
gal. motor driven water circulating pumps delivering
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water {rom the water treating system to the heaters; and
a set of Richardson-Phenix continuous by-pass turbine oil
Rltering systen1 units. All of the equipment in the power
house excepting the turbo blowers, turbo generators,
motor generator sets and the switchiboard, are housed in
the hasement of the power house, where in addition are
the three 10 4500-gal. 158-t. head 1900 r. p. m. Worth-
ington centvifugal pumps which pump the water for the
plant use. These are driven by Terry turbines. The ex~
haust steam fron the service pumps, from the boiler feed
pumps, from the office water punp and from the com-

Fig. 13—General view of the plant.

pressor, all exhaust to the Cochrane feed water heater. In
the basement are also the condensers for the turbo blow-
ers and generators. There is provided at each blower an
Ingersoll-Rand low level multiple jet condenser, and-at
each of the turbo generators there is a similar low level
multiple jet condenser. These are instalied for 28"
vacuum and due to the design of the condenser 1o air re-
moval nor water removal punip is required. Both the
turbine floor and auxiliary basement floor present a very
neat appearance, there being ample rooni and entire ab-
sence of pipe interferences.

The water system of the plant deserves particular
mention as considerable economy is effected in the use of
water, at the same time retaining the very desirable ele-
ment of simplicity of circulation and furthermore obtain-
ing the possibility of using different sources of water at
many points in the event of failure of any particular
source. '

The water system starts in at the river pump house.
which is of novel design in that considerable space is
saved, consequeintly eliminating considerable concrete and
excavation work. The suction well for the pump is in-
side of the pump house, water being led from the pool
outside into the tunnel though two 72" link-belt vertical
traveling refuse screens. These are ftted with 34" "
screens and driven by 5-hp motors. ‘

In the pump house are installed three 12" 6,000-gal.
115-ft. head Worthington pumps, motor driven. Two of
these pumps operating deliver water to the turbo blower
and to the turbo generator condensers. Tail water from
the condensers is led by means of a weir to a sump run-
ning lengthwise of the pump basement. From this sump
the three 4,500-gal. Worthington service pumps, two
operating draw their supply and pump through a 20'x120°
standpipe located between the power and boifer house.
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This standpipe in turn delivers water to the blast fur-
nace, cast house, hot hlast stoves, cinder pit, gas washer,
pig casting machine and water purifying plang, tng‘vllujr
with all other miscellancous uses,  The flexihility of this
system may bhe appreciated hy stating that the lines are
so arvanged that, if desired, the standpipe can he hy-
passed altogether ar it can be used simply as a Quater
on the service line, no water heing actually  punipesd
through it.  Safety provisions are adequately taken care
of by connecting the line that leads from the river pumps
to the condensers to the service water line jnto which
the power house serviee pumps discharge. Tn the vvent
of these pumps Tor any reason being out of commitssion,
the river pumps have sufficient head to keep water on the
blast furnace hosh, stoves, water seals and (o supply
water ta the feed water treating plant, thus assuring 2
supply of water that will prevent damage or serious acel-
dent. A further salety provision is allorded in having
this same hy-pass line {from the river. pumps discharge,
if desired, into the sump from which the basament service
pumps draw their supply. This may be found useful in
case the condensers have to he taken off, A further
safety provision is fownd in an ingenions method of re-
turning the bosh water.  The overflow water from the
furnace is all conserved and Jed by means of a separate
pipe ling back ta a cistern at the extreme end of the
basement sump. As long as the level of water in the
Jbasement sump is kept up to the mark by the water com-
ing from the condenser tail water pits, then the return
water from the furnace overflows into the sewer and
back into the river. Fowever, if the wmount of water
coming through the condensers and thence to the sump
should for any reason be deficient, then the retiten wider
from the blast funace runs into the sump from which
the service pumps pull their supply. Under normal con-
- ditions of operation there is aboul a 40% surplus of con-
denser tail water going into the sump over and above the
“amount of water vequired at the plant exclusive of con-
densers,  To still further safeguard the plant supply of
water the lines of the standpipe are equipped with check
valves which will prevent the standpipe from emptying
in the event of a break in the line. A final safeguard at
the furnace is found in the provision of check valves in
the two distinct water supply lines leading to the cirele
pipe. Between the circle pipe and these check valves s
connected a line from the Worthington high pressure
pump and inasmuch as this is in normal operation con-
tinually kept floating on the high pressure line, then in
the event of failure of lines or service pumps the fur-
nace bronze can be preserved by opening up the line ad-
mitting high pressure water to the circle pipe, the check
valve preventirig escape of this water back into the main
service water line. This high pressure water is similarly
piped up to the stove fittings and to the main isolating
water seal valve, and in an emergency the high pressure
pump can draw its supply of water from the standpipe
which, in the event of a very bad accident or breakdown
at the pumps or lines, would still remain full of water,
It will be seen that the plant is assured of a supply of
water that will last almost indefnitely in an emergency
by virtue of the provisions for recirculation of water,
The boiler feed pumps $imilarly have a triple source
~of supply. Normally they take from the feed water
heater. In emergency they also draw from the basement
sump, from the blast furnace service water lines or from
the line le_admgAfr'om the river pumps to the condensers,
The turbines similarly draw on two sources for their
supply of cooling water, i. e., the service water supply
line and the condenser water supply line,
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In addition (o the link helt traveling sereens at the
viver pump honse, the lines ave Toether provided wigh
EHiott twin basket sivaniners at hoth of the supply Tines
o the Dmace vivenle pipe and o the stoves, and also
at the Hae leading o the gas washer. The hotler feed
fine, the pas washer lHoe and the furnace supply water
line are provided with venturi meters,

Atk is provided at the machine shop to which
preated water s pumped fron the power house asenien
for the use of the viud Tocanotives,

The sewerage system s very largels an open one,
this type being decided upons on acvount of e many
unfortumile experienees with closed sewers ahout blagt
furnace plants where so el rabbish, sueh as graphite,
granalted cinder, etes s Jable (o plug the sewers, Spe-
cal pahs are taken ot the cinder pit to nvoid eseape of
gramilated shag o the sewer svsten, there heing pro-
vided aosetling hasin mud submerged weir to prevent as
meh as possible the eseape of cinder. The uverflow
witker Tromy the pit vuns through e sereened open sewer
to the sump heacath the gis washer, Tlere the cinder
pit waler juins the disehnrge Trom the gas washer and is
fed inan apen sewer to the boiler hogse. . A sewer, which
carries ofl ashanp water and adso the drainage water from
the et blnst vadve fittings s Ted front the furnace and
stove foundations to infercept the main open sewer, At
thix point the sewer vy apdergrownd o distinee of about
500 1. through 487 reinforeed conerete sewer furnished
by the Massey Conerete Products Corporations. The
bailer hese andd the french underneath the gas main in
the rear of the boiler house are dreained jnto this sewer.,
As it passes heyond the corner of the power house it
emerges edn inte an open sewer which s ed down o
the river.  Jnto this sewer also dradns the surpins con-
denser water: any surplus hosh vetum water, sd the
deaingze from the power hagse basenent, The sewer s
of ample capacity to handle all surplis and wiste water
as well as storm o waler abont the pland,

et metal is noemally shipped (o the mixer of the
Trambull Stedd Company, hot there is also provided for
the easting of c¢hill iron 1 double strand pig casting ma-
chine.  This iy standard Heyl & Patterson equipment
having manganese links and pins,  The pig machine
strands are wonnted on a reinforeed conerete stricture,
This type of construction was ofginated at the blast fur-
nace plant of the Ots Steel Company and was chosen
heeause of elimination of deterioration enconntered with
strictural steel supports by reason of the large amounts
of steam and water abont the operation,  The concrete
structure provides o continneus platform under the
strands, makes {or an casy replacement of molds, and
provides a channel for spray water which is carried into
a sump at the pouring end.  The length of rails is lim-
ited to 11 ft. to make a convenient Jengih for handling
when replacements are necessary, Al castings used in
connection with the machine and in connection with the
structure can be replaced with apen sand castings poured
at the cast house of the plant.  The machine is Taid out
for additional strands with the growth of the plant. Inte
gral with the pig casting machine is o cofmbined ladle and
pouring house.  In this is a 55-ton Morgan pouring and
ladle handling crane having 100% overload capacity.
This serves both to pour the Jadles by means of the
patented Pollock short pour device and also serves for
removing the ladles from the trucks for relining.

,spare ladle is provided to be heid in reserve for lining.

Considerable study was given the location of the
track scules and these were so located that they serve
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imirably both for the light and heivy weighing of pig

ron cars as well as for check wcig‘h}s on receipt of raw
haterial inlo the yard. A well designed seade house is
steworthy, it which is also incorporated the yardmaster’s
fice, locker rooms for (rain crews and \‘\'{lﬁl\l’OUl'ﬁl facili-
dies. The facilities at the seale house office ave supple-
mented by a larger locker and service room for the Tur-
ace men Jocated in proximity tn the incline leading from
ard level up to the furnnce and stove foundation top.
‘Additional toilct and Jocker rooms are located in {he base-
ment of the power house and hoiler hiouse Tor the men,
nd at the machine shop.
; Provisions [or repair and maimtenace of the plant and
its equipment are all grouped in one large central ma-
wine shop building. Tn the center hay of this building
te the machine shop proper which is arranged for a travel-
jng crane spanning a very complete complement of ma-
Ine tools adequate to machine and repair all parts of
wipment and castings going into the construction or
pair of the phunt. There are two lean-tos which house
the chiel engineer’s and general master mechanic’s office,
5d which also have the pattern shop, clectrical shop, pipe
ting shop, Dlacksmith shop and storeroom. The store-
oom for large castings and bronze parts is ina bricked-in
house under the trestle approach and the storage for rig-
er tools is in a similar brick house. The general admin-
trative and excentive offices are in a large well designed
vilding at the plant entrance,  Here is placed the general
uperintendent’s and his assistant’s office, the office of
e chicf clerk and the timekeceping, distributing and
erical force, the lahoratory, police and employment
flices, and the cafeteria.
The quantities of material used in connection with
his job are of inferest.  There were phaced 2,246 20° to
0" Raymond reinforced conerete piles; a total of 61,974
d, yd. of excavation; 31,601 cu. yd. of conerete; 224,365
u. yd. of fill; 750 tons of reinforcing steel; 1,270 tons
f plate; 729 tons of castings; 145 tous of structural
hapes ; 65 tons of Torgings; 1,251 toas of structural stecl
i buildings 1,020 M huilding briclk; 2,083 M fire briclk,
nd an average of 371 men were employed per day for
e 10 months’ peviod of construction.

The contractars engaged in this work were as follows:
abrication, and .crection of iron and steel work other
han structiral, the William B. Pollock Company; fahvi-
ation and crection of structural steel in huildings and
kip incline, Tackawanna Bridge Company and il
Jutch Company; Thenix Tron Works and the Pennsyl-
anja Engineering Works furnished some of the iron
nd stecl castings. All brick work in furnace, stoves,
oilers, power house and offices was placed with the P. J.
rown Construction Company; the concrete was putin by
irthur G. McKee & Co.; car dumper and ore bridge.
fead-Morrison Manufacturing Company; ore bins and
cale cars, Hoover & Mason. Piping was installed by B.
Toersheim & Co. Instruments for.the blast furnace and
ower and hoiler houses were supplied by The Bristol
mpany.  The Trumbull-Cliffs Furnace Company,  in
he person of Mr. T. S. Fraser, works manager, and Mr.
C. Callow, clectrician, supervised and directed the plac-
of most of the equipnient wiring and switchboard.

,The construction of the plant was directed by the
rganization of the Cleveland-Cliffs Tron Company
rough Mr. D, T. Croxton, manager of their pig iron

éox_nplete_ plant and plant equipment were drawn up by
Freyn, Brassert & Co., Chicago. These engineers also

les department. The plans and specifications for the
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had supervision of construction, Mr. Roy W. Clark being
chief resident engineer, for the firm.

The Trumbull-Cliffs Furnace Company, through its
exccutive and its superintendent, codperated with the en-
gincers in all details of planning the work, in purchase
and delivery of materials, and in expediting the work in
the field.

On completion the Trumbull-Cliffs Furnace Company
held “open house” and the plant was visited by a large
number of executive and operating officials of the iron
and steel plants of the country. The many features and
the remarkably quick time of construction have been the
object of much favorable comment and the Trumbull-
Chffs Furnace Company is not only to be commended for
the opportunity it has given the men in the industry for
personal inspection of the plant, but is also to be con-
gratulated upon the ownership of a plant that represents
such a conservative and successful application of sound
operating and engineering features.

QUESTIONS AND ANSWERS.

Question recently submitted to the Blast Furnace
and Steel Plant.

“What is the cause of negative brushes pitting and
the positive brushes picking copper on a D. C. gener-
“ator 800 kw. 83 rpm. 3,200 amps? Machine is not over-
loaded.

Answer: The condition experienced above is in
the nature of an electralytic action. Where the elec-
tric carrent flows from one surface to another, there.
is-a tendency for small particles from the substance
out of which the current flows to the other conductor.

Thus in a generator, negative brushes are eaten
away and the carbon in some cases deposited on the -
surface of the commutator causing it to blacken.

1f the action is more severe, copper is taken away
from the commutator and deposited on the positive
brush, and the commutator takes on a bright surface
but does not polish. ) )

This action is due to too high current density under
the brush. This may not necessarily mean that the
lond current is too high, but rather that the short
circuit current—due to improper commutation of the
voltages generated by the process of commutation is
excessive.

This may be caused by improper brushes, wrong
and gap between armature and interpole, saturation of
the interpole circuit, interpoles not properly adjusted
as to the ampere turns, and brushes not on the elecs
trical neutral.

This action will also be noted on revolving field .
alternators, where one ring becomes very rough and
is eaten away while the other ring takes on a bright
polish. )

This action also comes into play on the slip rings
of rotary converters, causing them to become eccen-
tric and the brushes to chatter. -

This explains why brushes should be staggered in
pairs and not alternately. In staggering brushes alter-
natively the positive brushes will run in the same track,
thus grooving the commutator.

A large majority of comutator wear is due to this
and not to the abrasive material in the brushes as often

supposed.




