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CHAPTER 1L

DYNAMO AND MOTOR TROUBLES.

A number of small volumes have been written on the care of elec-
trical machinery, particularly dynamos and motors. Most of these
books are very useful in assisting the operator in the proper mainte-
nance of the apparatus and the discovery of the causes of fauits and
breaks which are constantly liable to occur. Almost any given symp- -
tom of distress in a dynamo or motor, however, may be due to a
number of different causes. This fact, together with the lack of
method in thé arrangement of some of the books dealing with the
subject, often handicaps the beginner in locating the particular fault
to which any given trouble is due.

Roughly speaking the various diseases to which dynamos and motors
are subject may be placed in six general classes. First, sparking of
the brushes; second, heating of the parts; third, noises; fourth, varia-
tions in speed; fifth, miscellaneous derangements peculiar to motors
as distinguished from dynamos; sixth, miscellaneous derangements
peculiar to dynamos and generators as distinguished from motors. It
is again possible to divide each of these major symptomatic indications
into minor ones. The sparking of the brushes, for instance, may be
due, first, to faults of the brushes; second, to faults of the commu-
tator; third, to excessive currents in the armature; fourth, to faults
in the armature. Each of these divisions may be again subdivided and
an appropriate individual remedy indicated.

To make this clearer, the arrangement in the present chapter has
been adopted for stating precisely, and in a limited space, the troubles
met with and the remedies to apply. As an illustration we will sup-
pose that the armature of a motor becomes ‘dangerously hot after run-
ning for a time. The methodically arranged table or chart which
follows is consulted and under the heading of “heating of parts” the
sub-head “armature” is found. There are seven different causes given
here for heating of the armature. It may be due to overload of the
motor, to a short circuit due to carbon dust, etc., on the commutator
bars, or it may be caused by a broken circuit, a cross connection,
moisture in the coils, eddy-currents in the core, or heat conveyed from
a hot box or journals through the shaft. Each of these seven causes
may be investigated in turn. For instance, it may be found that the
armature core i8 warmer than the winding which surrounds it. If this
is the case, the trouble is due to eddy-currents in the core, or to heat
conducted through the shaft from a hot box. If the latter, the shaft
will of course be hotter than the armature, and the bearings still hotter
than the shaft. If the trouble is due to eddy-currents the armature
will be found to be made of solid metal, or to be not suficiently lami-
nated. In either case the trouble i8 readily discovered.
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There are two advantages in using a chart of this kind. In the case
of trouble with a motor or dynamo, a large text-book is generally too
voluminous to be easily used, and, quite likely, i8 not well enough
arranged to permit a quick diagnosis. Then, again, after a person has
carefully read over such a work several times, he will still find the
chart very acceptable, as a guide which will show him where to look
and what to do—something that can be glanced over quickly and can
be readily found, which will outline the proper course to pursue, The
trained mind will then quickly recall from the larger work the detafls
of the proper method of procedure.

Sparking at the Brushes.
FauULTS OF BRUSHES.

1. Not set diametrically opposite—Should have been set properly at

first, by counting bars, or by measurements on the commutator.

. Can be done if necessary while running; move rocker until
brush on on-side sparks least; then adjust other rockers so they
do not spark.

2. Not set at neutral points.—Move rocker back and forth slowly
until sparking stops. ' A

8. Not properly trimmed.—Brushes should be properly trimmed be-
fore starting by bending back and cutting off loose wires or
ragged copper. If there are two or more brushes, one may be
removed and retrimmed while running. Clean with benzine,
soda or potash (alcohol or ether for carbon); then file or grind
to standard jig and reset carefully., For instructions for setting
see 1, 4, and 38.

4. Not in line—Adjust each brush until bearing is on line and square
on commutator bar, bearing evenly the whole width.

6. Not in good contact.—Clean commutator of oil and grit. See that
brushes touch, Adjust tension screws and springs to secure
light, firm, and even contact.

FAULTS OF COMMUTATOR.

6-7. Rough; worn in grooves or ridges; out of round.—Grind with
fine sand paper on curved block, and polish with crocus cloth.
Never use emery in any form. If too bad to grind down, turn
off true in a lathe or preferably on its own bearings, with a light
tool and rest and a light cut, running slowly. Armature should
have 1/16 inch to 1§ inch end motion when running, to wear
commutator evenly and smoothly. Seé algso that foundatfon is
level. If there is no end motion, file or turn ends of boxes or
shoulders on shaft to provide end motion; then line up shaft and
belt, so that there is no end thrust on shaft, but so that the arma-
ture plays freely endways when running.

8. High bars.—Set “high bar” down carefully with mallet or block
of wood, then clamp end nuts tightly, or file, grind, or turn true.
A high bar may cause singing. If so apply stearic acid (ada-
mantine), candle, vaseline, or cylinder oil to commutator and
wipe off; only a trace should be applied. Move brushes in and
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out of holder to get a firm, smooth, gentle preasure, free from
hum or buzz. '

9. Low bars.—Grind or turn commutator true to the surface of the
low bars.

10. Weak magnetio field—Broken circuit in field coils, or short cir-
cuit in fleld coils; repair if external, rewind if internal. Machine
not properly wound or without proper amount of iron; no remedy
but {o rebuild it.

EXCESSIVE CURRENT IN ARMATURE OF GENERATOR.

11. Ezcessive load.—Reduce number of lamps and load.
Ground and leak from short circuit on line.—Test out, locate, and
repair. .
Dead short circuit on line.—Dead short circuit will or should blow
safety fuse, Shut down; locate fault and repair before starting
again, and put in a new fuse.

EXCESSIVE CURRENT IN ARMATURE OF MOTOR.

11A. Ezcessive voltage.—Use proper current only, and with proper
rheostat and controller, and switch.
Ezcessive amperes on constant current circuit.—See that con-
troller, etc., are suitable with ample resistance.
Friction.—Reduce load on motor to its rated capacity or less.
- Clean with benzine. Bearings may be loose or worn out; per-
haps new bearings are needed. For bearings out of line, see 30.
Too great load on pulley.—See that there is no undue friction or
mechanical resistance anywhere, -

ARMATURE FAULTS.

12. 8hort circuited coils.—(a). Remove copper dust, solder, or other
metallic contact between commutator bars. (b). See that clamp-
ing rings are perfectly free, and insulated from commutator bars,
and that there is no copper dust, carbonized oil, etc., to cause an
electrical leak. (c). Test for cross connection or short circuit,
and if such is found rewind armature to correct. (d). See that
brush holders are perfectly insulated, with no copper dust, car-
bon dust, oil or dust, to cause an electrical leak.

13. Broken coils.—(a). Bridge the break temporarily by staggering the
brushes until machine can be shut down (to save bad sparking)
and then repair. (b). Shut down machine if possible, and re-
pair loose or broken connection to commutator bar. (c.) 1f coil
is broken inside, rewinding is the only sure remedy. May be
temporarily repaired by connecting to next coil, across mica.
(d). Solder commutator lugs together, or put in a “jumper,” and
cut out, and leave open the broken coil. Be careful not to short
circuit a good coil in doing this.

14. Cross connections.—Cross connections may have same effect as
short circuit; treat as such, see 12. Each coil should test com-
plete, with no cross and no ground,
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. Heating of Parts.

ARMATURE.

16. Overloaded.—Too many amperes, lights, or too much power being
taken from machine. See 1l1a.

16. Short circuit.—Generally dirt, etc., at commutator bars. See 12.

17. Broken circuit.—Often caused by a loose or broken band. See 12,
13, and 14.

18. Cross connection.—Often caused by a loose coil abrading on another
coil or core. See 12 and 14.

19. Moisture in coils.—Dry out by gentle heat; may be done by sending
a small current through, or causing machine to generate a smali
current itself, by running slowly.

20. Eddy currents in core.—Iron of armature hotter than coils after a
run: faulty construction. Core should be made of finely lamin-
ated insulated sheets. No remedy but to rebuild.

21. Friction.—Hot boxes or journals may effect armature. See 25
and 33.

FieLp CoiLs.

22. Ezcessive current—When shunt wound decrease voitage at ter-
minals by reducing speed; increase fleld resistance by winding
on more wire, finer wire, or putting resistance in series with
filelds. When series wound, decrease current through fields by
shunt, removing some of the field winding, or rewind with
coarser wire. Excessive current may be caused by a short cir-
cuit, or by moisture in coils, producing a leakage. See 24.

23. Eddy currents.—Pole pleces hotter than coils after short run, due
to faulty construction, or fluctuating current; if latter, regulate,
and steady current.

24. Moisture in coils.—Colls not dry show less than normal resistance;
may cause short circuit or body contact to iron of dynameo. Dry
out as in 19,

BEARINGS.

25. Not sufficient or poor oil.—See that plenty of good mineral oil, fil-
tered clean, and free from grit, is fed to bearings; be careful
that it does not get on commutator or brush holder. (See 12.)
Cylinder ofl or vaseline may be used if necessary to complete
run, mixed with sulphur or white lead, or hydrate of potash.
Then clean up and put in good order.

26. Dirt or grit in bearings.—(a). Wash out grit with oil while run-
ning, then clean up and put in order. Be careful about not flood-
ing commutator and brush holder. (b). Remove caps and clean
and polish journals and bearings perfectly, then replace. See
that all parts are free and lubricate well. (c¢) When shut down,
if hot, remove bearings and let them cool naturally; then clean,
scrape and polish, assemble, seeing that all parts are free, and
lubricate well.

27. Rough journals or bcgrings.—Smooth and polish in a lathe, re-
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moving all burrs, scratches, tool marks, etc.,, and rebabbitt old
boxes or fit new ones. ]

28-29. Journals too tight in bearings; bent shaft.—Slacken cap bolts,
put in liners and re-tighten till run is over; then scrape, ream,
etc.,, as may be needed, bend or turn true in lathe or grind true.
Poss{bly a new box or shaft will be needed.

30. Bearings out of line.—Loosen bearing bolts, line up and block until
armature is“in center of pole pieces, ream out dowel and bolt
holes and secure in new position.

31. End pressure of pulley hudb or shaft collars.—See that foundation
is level and armature has free end motion. If there is no end
motion, fille or turn ends of boxes or shoulders on shaft to pro-
vide end motion. Then line up shaft and belt, so that there is
no end thrust on shaft, but so that the armature plays freely
endways when running.

32. Belt too tight.—(a). Reduce load so that belt may be loosened and
yet not s8lip. Avoid vertical belts if possible. (b). Choose larger
pulleys, wider and longer belts with slack side on top. Vibrating
and flapping belts cause winking lamps.

33. Armature out of center of pole pieces.—(a). Bearings throwing
armature out of center may be worn out and need replacing.
(b). To repair, however, center armature in polar space, and
adjust bearings. Loosen bearing bolts, line up and block until
armature is in center of pole pieces, ream out dowel and bolt
holes and secure in new position. (c¢). File out polar space to
give equal space all around. (d). Spring pole away from arma-
ture and secure in place; ‘this may be difficult or impossible in
large machines.

Noises.

34. Armature or pulley out of bdalance.—Faulty construction; arma-
ture and pulley should have been balanced when made. May be
helped by balancing on knife edges now.

35. Armature strikes or rubs pole pieces.—(a). Bend or press down
any projecting wires, and secure with tie bands. (b). File out
pole pieces where armature strikes. See also 30 and 33.

36. Collars or shoulders on shaft strike or rud box.—Bearings may be
loose or worn out. Perhaps new bearings are needed. See also
30 and 31.

37. Loose bolt comnection or screws.—See that all bolts and screws
are tight, and examine daily to keep them so.

38. Brushes ging or hiss.—(a). Apply stearic acid (adamantine), can-
dle, vaseline, or cylinder oil to commutator and wipe off; only
a trace should be applied. (b). Move brushes in and out of
holder to get a firm, smooth, gentle pressure, free from hum or
buzz. See also 3, 8, and 9.

39. Flapping of belt.—Use an endless belt if possible; if a laced belt
must be used, have square ends neatly laced.

40. Blipping of belt from overload.—Tighten belt or reduce load. See
also 32.
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41. H_ummmg of armature lugs or teeth.—(a). Slope end of pole piece
8o that armature does not pass edges all at once. (b). Decrease
magnetism of fleld, or increase magnetic capacity of tooth.

Variations in Speed.
Ruxs Too FasT.

42. Engin€ fails to regulate with varying load.—Adjust governor of
engine to regulate properly, from no load to full load.

43. Beries motor; too much curremt; runs away.—Series motor on
constant current: (a). Put in a shunt and regulate to proper
current. (b). Use regulator or governor to control magnetism
of fleld for varying load. Series motor on constant potential:
(a). Insert resistance and reduce current. (b). Use a proper
regulator or controlling switch. (c). Change to automatic speed
regulating motor.

44. Shunt motor: regulator not properly set.—Adjust regulator to con-
trol motor.

Shunt motor: not proper current.—Use current of proper voltage
and no other, with a proper rheostat.

Shunt motor: motor mnot properly proportioned.—Install better
motor, one properly designed for the work.

RuUNs Too Srow.

45. Engine fails to regulate.—Adjust governor of engine to regulate
properly, from no load to full load.

46. Overload.—Reduce number of lamps and load.

47. Short circuit in armature.—(a). Remove copper dust, solder or
other metallic contact between commutator bars, (b). See that
clamping rings are perfectly free, and insulated from commu-
tator bars, and that there is no copper dust, carbonized oil, etc.,
to cause an electrical leak. (c). Test for cross connection or
short circuit, and if such is found, rewind armature ‘to correct.
(d). See that brush holders are perfectly insulated, with no
copper dust, carbon dust, oil or dust, to cause an electrical leak.

48. Striking or rubdbing of armature—(a). Bend or press down any
projecting wires, and secure with tie bands. (b). File out pole
pieces where armature strikes. See also 30 and 33.

49. Friction—Clean with benzine. See also 25.

50. Weak magnetic field—Broken circuit in field coils or short circuit
in field coils: repair if external, rewind if internal. Machine
not properly wound, or without proper amount of iron: no
remedy but to rebuild it.

Motor.
STOPS OR FAILS TO START.

51-52. Great overload; excessive friction—Open switch, find and re- .
pair trouble. Keep switch open and rheostat “off” to see if
everything is in good order. With series motor no great harm
will result from failing to start or stopping. + With shunt motor
on constant potential circuit, fuse may blow or armature burn
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out. Reduce load on motor to its rated capacity or less. See
that there is no undue friction or mechanical resistance any-
where. See also 25, 33, and 35. .

53. Circuit open: fuse melted or switch open.—Find trouble. Put in
fuse after opening switch. (If fuse i8 blown on account of dead
short circuit, .shut down, and locate and repair fault before
starting again.)

Circuit open: brokem wire or connection.—Open switch, ind and
repair trouble as instructed under 13.

Circuit open: brushes nol in contact.—Open switch and adjust as
stated under 5.

Circuit open: current fails or is shut off—Open switch; return
starting box lever to off position; wait for current.

54-65-56. Short circuit of field, armature, or switch.—Test for, and
repair if possible. Examine insulation of binding posts and
brush holders. Poor insulation, dirt, oil, and copper or carbon
dust often result in a short circuit.

RUN8 BACKWARDS.

57. Wrong connections.—Connect up correctfy per diagram; if no dia-
gram is at hand, reverse connections to brushes, or other con-*
nections, until direction of rotation is satisfactory.

Dynamo or Generator.
REVERSED RESIDUAL MAGNETISM.

58. Reverged current through field coils.—Use current from another
machine or a battery through fleld in proper direction to correct
fault. Test polarity with a compass,

Reversed connections.—If connections or wlndings are not known,
try one way and test; if not correct, reverse connections, try
again and test.

Earth's Magnetism.—Connect up per diagram for desired rotation;
see that connections to shunt and series coils are properly made.

Prozimity of another dynamo.—Shift brushes until they operate
better. See 1 and 2.

Brushes not in right position—See 1 and 2.

“To0 WEAK RESIDUAL MAGNETISM AND SHORT CIRCUIT.

59. Too weak residual magnetism.—Use current from another ma-
chine or a battery through field in proper direction to correct
fault. Test polarity with a compass.

60. Short circuit in machine—(a). Remove copper dust, solder or
other metallic contact between commutator bars. (b). See that
clamping rings are perfectly free, and insulated from commu-
tator bars, and that there is no copper dust, carbonized oil, etc.,
to cause an electrical leak. (c). Test for cross connection or
short circuit, and if such is found rewind armature to correct.
(d). See that brush holders are perfectly insulated, with no
copper dust, carbon dust, oil or dust, to cause an electrical leak.
See also 54-56.
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61. Short circuit in external circuit.—A lamp socket, etc., may be
short circuited or grounded, and prevent building up shunt or
compound machines. Find and remedy before closing switch.
See ‘also 54-56.

62. Field coils opposed to each other.—Reverse connections of one of
field coils and test. Find polarity with compass; if necessary,
use current from another machine or a battery through field in
proper direction to correct fault. Test polarity with a compass.
Connect up per diagram for desired rotation, and see that con-
nections to shunt and series coils are properly made. Try shift-
ing brushes until they operate better. If necessary reverse con-
nections and recharge in opposite directions.

OpEN CIRCUIT.

63. Broken wire.—Search out and repair as stated in 13.

Faulty Connections.—Search out and repair as stated in 37.

Brushes not in contact.—Secarch out and repair as stated in 5.

Safety fuses melted or broken.—Search out and repair as stated
in 53.

External circuit open.—Search out and repair with dynamo switch
open until repairs are completed.

EXCESSIVE LOAD OR RESISTANCE.

64. Too great load on dynamo.—(a). Reduce load to pilot lamp on
shunt and incandescent machines; after voltage is obtained close
switches in succession slowly, and regulate voltage. (b). Re-
duce number of lamps and load. (c). Bring up to voltage gradu-
ally with rheostat, and watch pilot lamp, regulating carefully.

65. Too great resistance in field rheostat.—Bring up to voltage gradu-
ally with rheostat, and watch pilot lamp; regulate carefully.



CHAPTER II.

REPAIRS TO THE COMMﬁTATOR.

The most economical method of repairing electrical machinery in a
manufacturing establishment, or electric railway plant, is a subject
that should command the attention of the superintendent and electri-
cian. The excrbitant charges of electrical repair concerns and the
unnecessary delay in transportation of apparatus make it a practical
necessity for companies of any magnitude to do their own repairing.
In the present chapter a few suggestions are given for re-filling com-
mutators. As the commutator is the part of a direct-current machine
that is subjected to the greatest wear, its re-filling constitutes a large
portion of the repairman’s work.

It is always advisable, when possible, to purchase hard-drawn copper
strips, drawn to gage, and cut them to required lengths, Old commu-
tators are frequently so far out of date that standard sizes of segments

Mackinery, N.Y.
Fig. 1. Copper Casting for Commutator.

will not do. A very good commutator can be made from a copper
casting, similar in shape to the assembled commutator, that is, cylin-
drical in form and enough larger than the original commutator to
allow for finishing (Fig. 1). Large castings may be cored out at ends,
a and a’, for collars, thus saving some stock and considerable labor,
as it is then only necessary to make a finishing cut after segments are
assembled. Bore out the rough casting and drive it on an arbor and
place on “centers” of a milling machine. Use a 1/16-inch saw about
four or five inches in diameter. Cut as many slots in the casting as
there are to be segments, b, Fig. 2. By using an indexing head thisisa
very simple process. Cut the slots to within about 1/8 inch of through,
as shown at c. The slots a for armature leads should be cut in after
the commutator- is assembled and turned. Now, drive out arbor and
catch casting in a vise and finish cutting through the slots with a
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hack-saw. Two blades put.in the frame at the same time wﬂl. make a
cut about equal in width to that made by the saw in milling machine,
File oft any burrs that remain on segments and drill a hole in each
one on flanged portion @, Fig. 3, in diameter about twice the width
of slot cut for lead wires, and a little deeper. This hole aids greatly
in soldering in armature leads, as the solder flows at once to the bottom
of slot. The insulation between the segments should be micanite about
ap

N7

Mochinery, N.Y.
Fig. 2. Slots Cut in Casting for O for @ Apart Segmeots, and
for Lead Wires.

1/32 inch in thickness. As the segments are sawed up by a 1/16-inch
saw, the rough casting must be made large enough to allow for the
difference. For instance, in sawing up a casting into 32 segments, two
inches of the circumference would be wasted. Using 1/32 inch mi-
canite would make up for one inch only, so that the rough casting
must be one inch greater in circumference—over and above the stock
allowed for finishing—than the original size of the old commutator.
The next step is to assemble the segments in a suitable clamp, as

/

e e

a { BORE THIS HOLE
BEFORE SLOTTING.

Mackinery, A.T.
Fig. 8. Begment of Commutator after Sawing Apart.
shown in Fig. 4. This is a cast-iron split ring, the two parts, ¢ and ¢’,
. being held together by bolts d and d’. A plan of section ¢ is shown;
a and a’ are dowel pins, and b and b’ are clearance holes for bolts d
and d’. Great care must be taken in assembling the segments to have
them all straight, that is, parallel with the axis of the commutator.
Now, chuck the clamp, with the segments, in the lathe, and bore out
the center to required diameter, then bore out the ends to correspond



COMMUTATOR 13

with the old commutator. A templet of tin made to fit the end bore
of the old commutator is very convenient for gaging the new one.

It is more economical to make several commutators at one time, so
that'a temporary shaft, with collars and clamping nuts, should be
provided. Such an arrangement is shown in Fig. 5, d being a short
length of c_old-rolled steel threaded at e and ¢; a and a’ collars bored

2© b
O ¢ O
b | O«

Fig. 4. Segments of Commutator Held in a Clamp for Machining Hole and Buds.

out to slip over shaft, and b and ¥ clamping nuts. The temporary
shaft should be firmly secured to the newly-bored segments before
-removing the clamping ring. This done, the ring may be removed
and the new commutator will be ready for turning, as shown in section
at ¢ and ¢/, Fig. 5. Before turning, the commutator should be heated

c’

Fig. 5. Arbor for Holding Seg ts while T ing

until the shellac oozes from the micanite, then placed on end on a sur-
face-plate with a hole for shaft to extend through. This plate is shown
at d, Fig. 6.

Place a try-square on the plate and sight along the blade to see that
the edge of one of the segments coincides with it, as at d or ¢. If not,



14 DYNAMO AND MOTOR REPAIRS

by using a small cold-chisel and hammer, drive the segment one way
or the other until plumb. Go all around the commutator in this man-
ner. After straightening all the segments, tighten up the clamping
nuts again and allow the shellac to dry. After the finishing cut is
taken, the commutator should be returned to the milling machine and
the slots cut for lead wires, as shown at @, Fig. 2. When all burrs
have been removed, we are ready to put on the retaining band, which
firmly holds the segments in place until used.

Fig. 8 shows a method of putting on the band. The segments, a, are
placed -between lathe centers, and a heavy piece of manila paper is
wrapped around them, as shown at e. This is held in place tempo-
rarily by a cord, which also serves to hold in place a piece of 1/32-inch
brass, b. Now cut two fiber friction blocks, f and f’, to fit in the tool-
post, bore a hole and insert a pin in each, g and g’, to keep the blocks

b
e
a
= |
d
l I Moskinery, K.T.
Fg. 6. Testing Al I t of Seg Fig. 7. Testing the Commautator for 8hort

Clrouit.
in place. Any amount of tension can be placed on the blocks by the
clamping screw n.

Take the end of a coil of No. 16 brass wire, and pass it between
friction blocks, f and f’, and catch it in one of the slots, as at ¢. Turn
the assembled segments two or three revolutions until the wire is
brought over the paper e, then cover about one-half the length of the
segments closely and very tight. When the desired amount of wire
has been wound on, turn the ends { and i’ of the brass strip b over on
wire, and hammer down, bringing the turn h close up to the band.
Flow solder over the band with’an iron and cut off the ends cf wire.
The commutator may then be removed from temporary clamping de-
vice, when it will have the appearance shown in Fig. 9. The temporary
clamping device, the clamping ring, and templets, can be used indefi-
nitely. One clamping ring can be used for several sizes of commu-
tators by using split bushings.
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When removing old segments from a commutator, care should be
taken to keep the molded mica insulation on the ends intact. If this
is broken it can be replaced by canvas disks, shown in Fig. 11, made
up of several pieces shellaced together to obtain a thickness equal to
the molded mica. Place the old commutator sleeve, with the rear
collar attached, end down on a bench and slip the canvas disk over

] I
ca |\, € n
9
)
I L ¢
it f x4
\ ‘I:l‘
L] O

/ VAN

Fig. 8. Method of Putting on Retalning Bsnd.

sleeve to bottom. A hole in the disk should fit tightly over the sleeve,
and the outside diameter be about one inch greater than that of the
commutator. A thin sheet of flexible micanite must be wrapped around
the commutator sleeve, to insulate it from the inside of segments.
After placing the assembled segments d. over the sleeve, slip on the

. 110 vOLTS
a
’
b |b
Machinerv. N, T,
Fig. 0. C tor with Retaining Fig. 10. Arrangement for Testing the
Band in Place. Commutator.

upper canvas disk a, Fig. 12, then collar b, finally tightening up nut c.
Canvas disks should be put in with shellac, wet. After screwing up
the nut firmly, allow all dampness to dry out thoroughly. The canvas
disks will then protrude between collars and segments as shown at a,

Fig. 13. Trim off smoothly, giving a finished appearance like @ in
Fig. 14.
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The completed commutator is now ready for testing. A very con-
venfent and fairly accurate method is shown diagrammatically in
Fig. 10. A sixteen candle-power incandescent lamp is connected in
geries with the mains, and two flexible cords with solid copper tips,
b and b’. Fig. 7 shows the application of the testing arrangement.

Li

, Macxinery, N.Y.
PFig. 11. rig. 12.
The copper tips, ¢ and &', are placed on adjoining segments, as at 1
and 2. If there is a short-circuit, the lamp will light. Test each seg-
nfent in turn in this manner. Then, by placing one of the tips on the
end of the collar, as at b, and touching the other to each segment in
turn, any leakage from segments to core will be found. If no leak is

ikt T/

~

-

»

Mashinery, N.¥.
Fig. 18. Fig. 14,

found the commutator is ready for use. If a leak or short-circuit
appears, the trouble must be located and remedied before using.

Small copper chips wedged in the micanite by the turning-tool often
cause a short-circuit between 'segments. A careful inspection inside
and out after turning, will generally disclose any such defect.



CHAPTER IIL

REPAIRS TO THE ARMATURE WINDING.

The repair shop of a manufacturing plant or electric railway plant
should have at hand suitable stands or “horses” for holding armatures
during the winding process. If the armature is small, short stands
may be mounted on a work-bench. When an armature comes in to be
repaired, carefully caliper its diameter outside of the bands and the
winding. . Observe particularly the shape of the ends. As the workman
proceeds to tear apart the armature, he should note the size of wire,
style of winding, number of coils, convolutions per coil, number of
layers, and all other details. All such data should enter a notebook,
as this informaiton will be of future value, It is well to head the
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entry with the name of the machine, horse-power, voltage and current,
speed and serial number of the armature.

The first step in unwinding an armature is to unsolder the leads
and remove the commutator. Then cut off the bands and remove the
wire. If the coils are of the formed type, laid in slots, raise the upper
half arcund the entire circumference, and remove the coils, in the
reverse order to that in which they were put in. After the core is
entirely stripped of winding and insulation, it is ready to re-insulate.

Fig. 15 is a sectional view of a smooth-core drum armature insulated
ready for winding. In the figure, a is the core; b and b’ the ends of
shaft covered as shown; c', ¢ ¢*, and c* are fiber pegs for separating
the coils; d and d’ insulation on core, and e and ¢’ insulating end
disks. Fig. 16 shows the manner of notching the core-insulation to
fit between the fiber pegs. Flexible micanite 1/32 inch in thickness,
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and held in place temporarily by a few turns of “flax,” forms an excel-
lent insulation. A ring armature, partially in section, is shown in
Fig. 17. The shaft, a, pressed into the hub, d, carries the spider, to
which is attached the ring b. One wing of the spider is shown at c.
A flexible micanite insulation, e, covering the outside, inside and ends
of ring, is held in place by a tight wrapping of cotton tape, as shown
at g. The wings of the spider must be insulated. This can be done
conveniently, as shown in Fig. 18, which shows a sectional end view
of an armature, @ being the armature ring, b the spider wing, and ¢
and ¢’ triangular-shaped pieces of micanite extending the length of the

Fig.19.
Fig. 20.
rig 22,
Mechinery N. T.
Fig. 21.

Figs. 19 to 22.

wing. The triangular pieces are retained in position by the wrapping
of cotton tape.

A section of a slotted armature is shown in Fig. 19. Here a I8 the
end in section; b and b’ are slots not yet insulated; ¢ is a hard-wood
or fiber block the length of the slot and slightly narrower; d is mica-
nite insulation driven in place by the block c; e is a slot insulated
ready for the coil; 7 and f’ are armature coils; h is the insulation
between the coils; and ¢ and 4 the slot insulation trimmed flush with
core a. The micanite is cut into strips of the required size, and folded
over the block ¢, to form troughs, as shown. Another form of slot
coming generally into use is shown in Fig. 20, in which a is the end
of armature; b and b’ V-shaped slots cut for receiving the wood retain-
ing-strip e; ¢ and ¢’ coils in the slot, with insulation d between them.
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Fig. 21 is an end view of an armature partially in section. This
view {llustrates the winding process with a form of coil in common
use. In the figure, a is the shaft; b the end of the armature; c, a piece
of sheet brass the length of the slot and about 4 inches wide; 1, 2, 3,
4,5, 6, 7, and 8 show the coils with one-half free and one-half in slots;
9, 10, 11, 12, 13, 14, 15, and 16 show one-half of the coil in cross-section.
Proceeding to wind an armature of the type shown in Fig. 21, the first
process is to insulate the slots in the manner already described, then
drive one-half of the coil into place, continuing around the armature,
thus filling half of each slot. The armature will then appear as shown.
Fig. 22 is a plece of vulcanized fiber, shaped for driving coils into
slots. In a four-pole machine each coil will have a pitch of 90 degrees,
that is, it will cover onefourth of the periphery of the armature. The
coils slip into the slots easily, with the exception of those on the last
quarter. Beginning at a ‘point three-fourths of the distance around
the armature from the first coil, the outer half of the coils that have
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Fig. 238. Development of Surface of Armature.

been laid in, will lap over the empty slots. At this point a little more
labor is involved in getting the coils into their respective places. Hav-
ing completed the first process, start at any point to drive the outer
half of the coils into slots. Hold the piece of brass, ¢, before referred
to, in the left hand and slip it into the position shown. In this way
it guides the coil 8 into the slot. With a mallet and the tool shown
in Fig. 22, drive the coil snugly into place. Continue with each coil
in like manner until all have been driven into their proper positions.

In Fig. 23, the periphery of the armature is supposed to be laid
out flat. In the figure, @, b, and c are coils of the oblong typg, which
form a chordal winding. It will be seen that the coils are staggered,
that is, the projecting ends alternate backward and forward. With
this style of winding, the ends of the armature core must be well
insulated. The coils, if not pounded into shape with a mallet, will
interfere at d, e, f, g, h, 4, 4, and k. The coil a extends from slots 1
to 6; b from 2 to 7, and c from 3 to 8. No specific directions can be
given here for shaping these coils., as no two makes of armatures are



20 DYNAMO AND MOTOR REPAIRS

alike, By noting carefully the shape of the original coil, it will be an
easy matter to form the new one. The winding is executed in a
manner similar to the formed-coil winding previously described.
Taking up the subject of smooth-core drum armatures, let us study
Figs. 24 to 29 inclusive, which illustrate some common types of wind-
ing. Starting with Fig. 24, we will assume each coil, for the sake of
simplicity, to be one layer deep and three convolutions in width. Stand
facing the commutator end of the armature, and tie the end of wire a
to the fiber peg. Pass the wire downward over the end of the arma-
ture core and between the two pegs, diametrically opposite to the
starting point. Turn the armature over and draw the wire tightly
along its surface to the back end. Carry the wire around the shaft,
on the side opposite to that followed on the front end, and through

a .
Pig. 24. Fig. 26. <.
ﬁPlg. 25. . Fig. 87,

Fig. 28.
Fig. 29.
Pigs. 24 to 29.

the pegs back to the starting point, having in the meantime turned
the armature over to its original position. It is convenient to have
the reel of wire suspended over the workman’'s head, so that the wire
will pay off freely. Cut the wire from the reel, leaving end b». The
ends must be long enough to be soldered into the commutator.

Now turn the armature over and begin the second coil to the right
of the first one. This will bring the second coil to the left of the first
one at the bottom side, as shown in Fig. 25. The ends c and d are
left for connecting to the commutator, as in the first instance. To
commence the third coil, turn the armature over again and start at
the right of the second coil, Fig. 26, twisting the end e around end b.
Proceed in this manner until all the coils are wound. Fig. 27 gives
an idea of the appearance of the armature end after three coils have
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been wound. It will be seen that every second space between the pegs
has two ends. The inner end of the first coil is connected to the
outer end of the third coil, there being a blank coil between the two,
thus forming a closed or re-entrant winding. Any number of layers
or convolutions may be used in this winding. Fig. 28 shows a similar
winding, that can be used for two layers or a multiple of two. The
only difference is that the second coil i8 commenced at the ending of
the third, and so on until every space is fllled, as shown in Fig. 29.
1f the winding when completed is to be four layers deep, the coils
from 1 to 15 inclusive will have two layers, and the remaining coils
to be wound.will also have the same number. The half A of the arma-
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Figs. 30 to 84.

ture will have no ends at this stage of the winding. The second set of
coils, whose ends protrude in the half A, commences at 15 and extends
around to 1. The outer end of one coil joins to the inside of the next.
This is clearly shown in Fig. 28, where end 3 of the second coil joins
end 2 of the first coil, and so on. It i8 unnecessary to cut the wire, as
it can be left in loops as shown at 1, 2, 3, etc,, in Fig. 29.

We will now turn to smooth-core ring armatures. In Fig. 30, a is
the shaft and b the spider hub, to which are attached the wings, c, ¢!,
¢*, and c’, bearing the ring d. The winding forms a continuous spiral,
the end 2 of coil 1 being attached to end 3 of coil 2, etc. As the space
or the inner surface of the armature is less than that of the periphery,
the winding will have a greater number of layers inside than on the
outer surface. An exaggerated view of a.method of winding to accom-
plish such a result is shown in Fig. 31. The wire starts at a, then
passes around the ring and comes to the front at b, passes under at c,
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and returns at d.. It is then carried under at e. between a and c, start-
ing the second layer on the inner surface. From f, the wire goes to g.
and back to k, thence to i, between ¢ and g, coming back at j. Thus we
have five convolutions and one layer on the outer surface, and two
layers—one of three and one of two convolutions—on the inner surface.

In Fig. 32 the application of the clamp shown in Fig. 33 is given.
This clamp consists of two wood pieces, f and f’, and two bolts, g and
¢’, with heads, k and h’, and thumb nuts, i and i". This clamp serves

Pig. 85. Application of Clamp in Pig. 84.

to hold the wire of each coil in position while winding, and is moved
around as fast as a coil is completed. Referring again to Fig. 32, the
wood piece, e, is used for filling the gap in the outer surface of the
winding caused by the spider wings, d, dt, d? d*. It is made equal in
width to the wing, and of the same depth as the winding. In balanc-
ing an armature one or more of these strips may be removed and lead
strips wound in tape substituted. All armatures must be carefully
balanced, which can be accomplished by several methods, one of which
has just been mentioned. If the air-gap of the machine has clearance
enough, solder may be flowed onto the .bands. With slotted armatures,
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Pig. 86. A Completed Armature.

some makers bore holes in the core on the heavier side, thus equaliz-
ing the weight. Another method is to bind a plece of sheet lead on
the front end of the armature over the lead wires, by a tape and cord.

As no definite rule can be given for soldering lead wires into a com-
mutator, only a few suggestions will be offered. Tin the slots in the
segments and the armature léads before soldering. See that the slot
is flowed full of solder. Do not use acid for fiux on small wire, as
corrosion will take place. Be extremely careful that no drops of solder
lodge between or back of the segments. Each coil should be tested
for grounds as it is wound, and to make sure that the right ends are
connected. A convenient testing arrangement was explained in the
previous chapter on Repairs to the Commutator, and can be applied in

U
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this case also. A magneto bell, a galvanometer or a Wheatstone bridge
may be used for testing purposes.

Fig. 34 gives two views of a clamp that is used in winding armature
bands, @ being a hoop of band-iron, with its inside diameter equal to
the outside diameter of the armature. The ends d and b’ are bent up -
as shown, and bored to receive a clamping bolt, ¢c. A pin, d, is attached
to the tnd, b, for fastening the binding wire. Fig. 35 shows clearly
the practical appllcatlon of the clamp. In this sketch, @ is the arma.
ture; b, the clamp; c, the pifi; d, the band being wound; e and f{,
finished bands; g, mica insulation under bands; h, A', and h? brass
clips for holding the bands together. The lathe centers are shown
at ¢ and ¢*. The end of the brass wire j passes through the flber fric-
tion blocks in the toolpest.

The manner of winding an armature is essentially the same as that

Fig. 38
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Figs. 87 to 40.

of a commutator, which has already been fully described in the pre-
vious chapter.

A completed armature, with slots of the type shown in Fig. 20, is
fllustrated in Fig. 36. The core, with wood retaining strips driven
into slots, is shown at a. Mica strips b and b, under bands c c, are
for the usual insulating purpose. Brass chips d and d’ are attached in
the regular manner. Armatures with wood retaining-strips in slots
require but two bands, which are wound on the coil ends that project
beyond the core.

A method of protecting the ends of a surface-wound drum armature
is illustrated in Figs. 37, 38, 39, and 40. A canvas disk, b, Fig. 38, is
tied by a cord, c, to the end of armature a, Fig. 37. The disk is then
drawn over the end and tied temporarily with a cord d, as in Fig. 39.
The armature band serves to hold this hcod in place permanently.
An effective manner of finishing the commutator end of an armature
is illustrated in Fig. 40. The end a is wound tightly with cord about
14 inch in diameter, as shown at b. Two loops of string, e and ¢’, are
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caught under the last two or three turns of cord and the end d is
passed through them, after which the loops are drawn up, the ends
trimmed off and the cord cut close to the last loop. After the arma-
ture is completed, it should be given a thorough coating of shellac
and placed in an oven. When fully dried out, put on two even coats
of P. & B. compound, which gives it a good black and waterproof finish,
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Fig. 41. Graphical Illustration of Lap Winding.

As a complete description of the numerous styles of connecting up
armatures is beyond the scope of this book, only a few of the common
types will be taken up. For further information on this subject the -
reader is referred to one of the many text-books on dynamo-electric
machinery.

Fig. 41 illustrates, graphically, a lap-winding. The poles of the
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Fig.42. Diagram of Hand-wound Armature. Fig. 48. Tools for Winding Armatures.
machine are represented at 8, N, S, N, and the commutator segments
are indicated by the squares a, b, ¢, etc. We will take, for example,
the coil starting at . The conductor passes over the left face of .the
S pole, and then returns over the middle of the N pole, to the adjoin-
ing segment, ¢. This series of loops is continued around the armature,
forming a complete circuit. The large arrow indicates the direction
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in which the conductors are moving, and the small arrow-heads on the
wires show the disposition of the current.

A diagram of a hand-wound armature, with a wave winding, is shown
in Fig. 42. To avoid complications, nineteen coils only are shown.
This type of armature is extensively used by the Shaw Electric Crane
Company. The small white circles around the circumference of the
armature, as at b, represent the first layer of wire; the black circles,
at @, show the outer layer. The dotted lines indicate the conductors
passing over the back end of the armature. Starting at the commu-
tator segment. 1, the conductor goes to b, then to ¢, and connects to
segment 10. Here we start a new coil, going to d, then to e, and con-
necting to segment 19, one space from the starting point. The third
coil starts here and leads to f, and 8o on until one layer is completed,
when one-quarter of the circumference of the armature on each ‘side
will have ends protruding, that is, the first quarter will have leads,
the second will be blank, the third will have leads again, and the
fourth will be blank. Start the second layer at the end of the first
one. When the winding is completed, each slot will have two ends,
as shown in the figure. An armature with formed coils can be con-
nected in a like manner. A few handy tools can be made from fiber;
they are shown at a, b, and ¢, in Fig. 43. These tools are used for
driving the wires into place, etc.

Rewinding an armature requires great care and neatness. The
dimensions and shape of the original winding should altvays be closely
followed, as an armature which is but a fraction of an inch too large
is useless.



CHAPTER 1V.

REPAIRS TO ARMATURE AND FIELD COILS.

"An illustration of an armature coil of the most common type now
in use, is given in Fig. 44. This coil requires somewhat more labor
to prepare than does the rectangular form, but i8 much easier to use
when rewinding armatures, as no portion of it passes over the end;
and it has the further advantage of allowing better ventilation.
Another type in use is the plain, rectangular form, shown in Fig. 49.
Such a coil is easily made, but requires considerable manipulation
after it is placed in the armature. The forms over which these two
styles of coils are wound are similar in design but different in shape.
Fig. 45 shows a form, in which a is a standard fastened to bench or
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Fig. 44. Armature Coil of O Type.

floor, and a slot is cut down through the center of this standard to a
point two or three inches below the crank. A small bolt, I, with thumb-
nut, is provided, to place a tension on the crank, by drawing up the
slot. This is plainly shown in the figure. For the form proper.we
require a plece of hard wood, b, rounded at the ends, d and d’, the size
and shape of this piece conforming to the interior of the coil to be
wound; and two side pieces of wood, ¢ and c’, slightly larger in
dimensions than the center piece, so that when placed on either side
concentrically with the center, a spool is formed. The side ¢ is fast-
ened permanently to b, while ¢’ is held in place by two thumb-nuts,
e and ¢/, which allows the coil to be readily detached from the form.
The flange f is attached to the short shaft with crank and handle j.
The illustration shows elevation and side view. The notches, g and
¢g’, h and h’, i and ¢, are for fastening the ends of the wire and for.
the retaining strips, which will be explained later.
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Fig. 46 gives plan and end views of the shaper for shaping coils of
the style shown in Fig. 44, in which g is the wood base, @ is the coil
that has been shaped, b and b’ the clamps; c, d, ¢ and f, wooden
strips, of the shape indicated. The pieces d and e are fastened to the
base g by screws. The operation of this shaper will be taken up in
its turn. Fig. 47 represents a reel of magnet wire, @, swung on a suit-
able support, b, and provided with a tension. The tension consists of
a piece of hard brass wire, about No. 10 or 12, fastened to base b and
passing around a groove in one side of the reel to a weight, d. With
the wire e paying off in the direction indicated, the desired amount of
tension may be placed on the reel by varying the size of the weight.

Fig. 48 represents a handle for guiding the wire onto the form. This
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Pig. 45. Form for Winding Armature Coils.

handle should be made of fiber or hard wood. The end c is beveled
off as shown. A hole or slot, b, extends through the handle, through
which the wires pass. The handle is Leld in the left hand, while the
form {8 rotated with the right hand by means of the crank already
mentioned. Some styles of coils ‘are wound with two or more wires
laid on in parallel at one time. The reason for this is that in ma-
chines of considerable size, a single conductor of sufficient carrying
capacity would be too stiff for handling. Under such conditions the
handle should have a slot at b instead of a hole, and a separate reel
for each conductor should be provided, one placed back of the other.
The materials used in armature coils are: Double, cotton-covered
magnet wire, 34- or %-inch cotton tape, insulating tape, a good quality
of orange shellac, and some strips of 1/32-inch sheet brass. The cotton
tape can be procured at any department store in rolls of various sizes.
A drying oven is an essential part of an electrical repair shop, and
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when there is steam or gas in the building it is an easy matter to
provide one. Its capacity must be determined by the size and quantity
of the work to be done. An angle-iron frame, with 1/16-inch iron or
steel lagging for siding and doors, makes an excellent oven. The doors
should be on the front and extend from top to bottom. The interior
of the oven must be provided at the lower portion with a suitable
stand for holding armatures, and above the stand, metal racks, for
drying coils and commutators. Steam coils or gas burners may be
used for heating the oven. A good temperature for drying is about
200 degrees F. Too much care cannot be taken in following the dimen-
sions of old coils, as a little variation will cause trouble when placing
the new coils in an armature.

In general, do not use metal for driving wires into place; use hard

Pig. 46. Shaper for Coils 8hown in Fig. 44

wood or fiber. If any bare spots appear in course of winding, !nsulat:
them at once. Do not cut the ends of the wire too short. It is easier
to cut off a little more than to splice on. Tape the coils tightly and
let the convolutions lap well, 8o that they will not pull apart .when
shaped. The lead wires, or ends of coils, should be carefully covered
with insulating tape. Soldering in of lead wires is greatly facilitated
by tinning the ends before driving them into the commutator slots.
The beglnner, undoubtedly, will have to make several attempts before
completing a perfect coil. Neatness is of great importance, and every
portion should be well done before proceeding further.

We will now wind and insulate a coil, and follow out each detail.
Assume that a set of coils, similar to that shown—in Fig. 44, is to be
made. It i8 supposed that the winder has onme of the old coils for
inspection. With a wire-gage determine the size of wire, and note
whether one or more wires are run in parallel for one conductor. This
done, carefully unwind one turn and measure its length; this will be
the circumference of the form to wind the new coil on. A coil of this
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style should be wound on a long, narrow form, similar to that shown
in Fig. 45. Some armatures have two coils per slot, that is, two coils
made up as one, with their respective ends brought out separately.
Consider that we are about to wind a double coil, with two wires in
parallel for one conductor. This will necessitate winding on four
wires at one time.

Arrange four reels of magnet wire, one back of the other, and push
the four ends through the slot in one guide. S8uppose the desired
length of the armature leads, or coil ends, to be six inches. Now
bend at right angles the two right-hand wires, about six inches from
the ends passed through the guide, then bend the two left-hand wires
in the opposite direction. This being done, slip the two pairs of bent
ends into the slots g and g’ in the manner shown at r and ¢, Fig. 45.
Say that the coil i8 four convolutions wide and three layers deep.
Having secured the ends as described, turn the crank two and one-half
times, bringing the outer ends of the coil through the slots on the
opposite side to g and g’, using care to retain the ends in their original
order, During the winding process the guide should be held firmly in

Machinery, N.¥V

Pig. 47. Fig. 48.

the left hand, and the wires pulled down tightly into the form. Now
cut off the wires from the reels, leaving six-inch ends on the coil, as
at the beginning.

Cut four narrow strips of 1/32-inch brass, about 1 inch long, and
8lip one under the coil through the slots » and »’, i and 1, and also
through tke four corresponding slots on the opposite side of the form.
Bend the strips up over the coil, and tap down lightly with a mallet,
taking care not to break the insulation. Loosen the thumb-nuts, e and
¢, slip off- the side ¢’, and remove the coil.. Make up the desired num-
ber of coils in this manner before insulating them. Having completed
the winding, cover with good insulating tape the four ends—that is,
the eight wires. These leads should be covered from the point where
they bend through slots in the form, to about one inch from the end.
The next operation is to carefully wrap the whole coil with cotton
tape, giving it the appearance shown in Fig. 44. The leads must be
left protruding the distance covered with insulating tape.

We will now shape the coil, as in Fig. 46. The two halves of the
coil, after being taped, should be pressed closer together, giving the
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coil the appearance shown at A, Fig. 44. Insert one of the halves
between the strips ¢ and d, and clamp it tightly. - With the protruding
half grasped with both hands, pull it over the strip e and clamp as
shown. With a small fiber mallet, pound the ends into symmetrical
shape. Remove from shaper, and immerse in a suitable receptacle
filled with thin shellac. When thoroughly impregnated, allow super-
fluous shellac to drip off, and place in oven to bake. The rectangular
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Pig. 49. Plain Rectangular Form of Armature Ooil.

coil shown in Fig. 49 can be made on a form similar to the one
described, having its dimensions correspond to the shape of the coil.
A little practice will render the workman proficient, and enable him
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Fig. 50. Form for Winding Field Coils without 8pools.

to turn out as good work as can be purchased from electric manufac-
turing companies.
Repairing Field Cofils.

Fig. 60 gives a view of a form for winding coils that have no spools.
The shape of this form depends on the style of the coil to be wound.
The form is clamped to a lathe face-plate either by bolts extending
through the form or through the side b. Dowel pins ¢ and ¢’ serve to
hold the side b’ from twisting, and the bolt d and the nut e hold the
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whole form together. Fig. 51 represents a guide that is held in the
tool-post of a lathe. Attached to the piece a is a grooved wheel, b, over
which the wire from the reel runs. The same arrangement of reels
can be employed in winding field coils that is used with armature
coils. Fig. 52 shows front and side views of a connector, which con-
sists of a piece of sheet copper, b, rolled up at the end, ¢, and sweated
into a sleeve, a, at the opposite end. The sleeve has a set-screw, d, fcr
outside connections on the machine.

A very convenient way of securing the last turn of wire is shown

L «

E—

Nackinery, N.¥.
Fig. 51. Guide used in Winding.

in Fig. 563. Here a, b, ¢, d, and e represent the convolutions of wire;
7 is a loop of cotton tape with its ends protruding at g. The loop is
laid on the coil before the turns ¢ and d are made, then the end of
the wire, h, is pushed through, and the loop f is drawn tight by pulling
on the ends at g.

We will now start to wind a coil. First, bolt the form to the face-
plate of the lathe, then arrange the reel conveniently for paying off
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the wire. Solder a connector like that shown in Fig. 52 to the end of
the wire, and tape thoroughly. Catch the connector behind the pin f,
provided for that purpose (Fig. 50), and proceed to wind. The wire
running over a guide wheel in the tool-post enables the operator to use
the tool carriage for guiding the wire as it is wound. With a little
practice -the operator will be able to run the tool carriage backward
and forward with encugh skill to permit considerable speed in winding.
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The connectors can be made in different lengths and widths for vary-
ing styles of coils. The connector for the outer end of coil will, of
course, be short, allowing the sleeve a to come on outside of insulation.
Having wound the desired number of turns onto form, finish the end
with a loop of tape, as shown in Fig. 53, and solder on outside con-
nector. Coils wound of wire fine enough to be flexible do not require
connectors, as the wire itself may be left protruding through the cov-
ering. Before starting the winding, several pleces of cord or cotton
tape must be laid across the form, with ends long enough to tie over
the completed coil. Having completed the winding of coil, take off
the side of form, ?’, and remove the coil. Different manufacturers have
various methoeds of insulating their coils, and it is always well to
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Pig. 64. Testing for Faults in Arimature.

treat the new coil in the same manner that the original coil was cov-
ered.

Tests for Faults in’ Armature.

1t is very desirable to be able to locate faults in motor or generater
armatures around shops with simple apparatus that may be on hand.
A method which has proven very reliable and requires only a few cells
of battery and a telephone receiver is given below.

Tests for Open Circuit.

Clean the brushes and commutator, and apply current from a few
cells of battery having a telephone receiver in circuit as shown in
Fig. 54. If the machine has more than two brushes, connect the leads
to two adjoining brushes and raise the balance. Now rotate the arma-
ture slowly by hand and there will be a distinct click in the receiver
as each segment passes under the brushes until one brush bears on the
segment at fault, when the clicking will cease. Note that the brushes
must not cover more than a single segment.
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If, on rotating the armature completely around, the receiver indi-
cates no break in the leads, connect the battery leads directly to the
brushes, as shown in Fig. 55, and touch the connections from the

.receiver to two adjacent bars, working from bar to bar. The clicking
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Pig. 55. Next Step in Testing Armature.

should be substantially the same between any two commutator bars;
if the clicking suddenly rises in tone between two bars, it is indicative
of a high resistance in the coil or a break (open circuit).

Test for Short Circuit.
Where two adjacent commutator bars are in contact, or a coil be-
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) Pig. 56. Test for Bhort Circuit.
tween two segments becomes short-circuited, the bar to bar test just
described will detect the fault by the telephone receiver remaining
silent. If a short circuit .is found, the leads from the receiver should
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then include or straddle three commutator bars, as shown in Fig. 56.
The normal click will then be twice that between two segments until
the coils in fault are reached, when the clicking will be less. When
this happens, test each coil for trouble and, if individually they are
all right, the trouble is between the two.

Test for Grounded Armature.

Place one terminal of the receiver on the shaft or frame of the
machine, and the other on the commutator. If there is a click it indi-
cates a ground. Move the terminal about the commutator until the
least clicking i8-heard and at or near that point will be found the
contact. Grounds in field coils can be located in the same manner.



CHAPTER V.

WINDING OF DIRECT-CURRENT ARMATURES.

The following detailed description by Mr. A. C. Jordan, of the vari-
ous operations performed by an armature winder, accompanied by
precise directions and data, originally appeared in the Electric Journal,
December, 1905, and was published in MAcCHINERY, March, 1906. The
types of armatures to which this description apply are those used in
direct-current railway motors, crane and hoisting motors, vehicle
motors, bipolar motors and belted generators up to 100-kilowatt ca-
pacity. :

Tools. ’

The tools used by an armature winder are as follows:

1 shoe knife,

1 pair seven-inch shears,

1 pair eight-inch pliers,

1 ten-inch screw-driver, .
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Pig. 67. Wedging Tool.

three-pound rawhide mallet,
small steel riveting hammer,
wedging tool (See Fig. 67),
1 heavy steel drift (See Fig. 58);
Also an assortment of fiber drifts of varying width,
‘ length and thickness (See Fig. 59).

The rawhide mallet is used in driving the coils into the slots by
means of the fiber drifts, and in bending the coils into shape. The
steel hammer is used for straightening laminations or finger plates. It
should never be used in bending coils or on any of the drifts. The
wedging tool made from a cold chisel is used in driving wedges into
the slots as a hammer would injure the insulation of the coils and
might bend the laminations.

-

Core.
An armatﬁre core is built up of soft sheet steel laminations. These

are stamped of the desired shape and carefully annealed. The stamp- -
ings are then built up, and keyed to a shaft or spider and held securely
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in place by end plates. Ventilating spaces are left next the shaft or
spider and air ducts are distributed at intervals through the punchings
by putting in spreaders to hold the laminations apart. The armature
in rotating draws in air through the ventilating spaces next the shaft
and forces it out through the ducts, thus furnishing a simple and
effective means of ventilation. After the core is assembled, the slots
are filed to remove any projecting burrs; if these were not removed,
the insulation of the coil might be torn when a coil is driven into the
slot and cause grounds and short circuits in the winding.

Operations Betore Placing Coils on the C_ore.

The core is mounted in a winding lathe, as shown in Fig. 60. If
duck blankets are used they should be placed on the shaft before the
core is placed in the winding lathe. If a block is used on the rear end
" of the armature core to shape the coils as they are wound or to pro-
tect the cast iron end-bell, the block should be placed on the shaft
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Fig. 69. Fiber Drift. .
before mounting in the lathe so that it will not be necessary to remove
the core after it is partly wound. The core should be placed in the
lathe with the commutator end at the winder’s left. The commutator
end of an armature may be distinguished by the key-way cut in the
shaft next to the core for the commutator key; also on railway arma-
tures the shaft opposite the commutator end is beveled and threaded
to fit the pinion as in Fig. 61.

A description of the winding of what is known as a No. 38 B railway
motor will be given in detail:

The core of this armature i8 built on the shaft and has three ven-
tilating ducts parallel to the shaft. There are 45 slots. These slots
are relatively narrow as compared with the width of the teeth. It will
be seen from Fig. 64 that the end plate of the commutator end fits
against a shoulder turned on the shaft. The rear end plate is held
in position by a nut which is screwed on to the shaft and held in place
by a set-screw. Two duck blankets are used on this armature. They
should be placed on the shaft with the wider side of the blanket out
and with the seam toward the core. The core should be inspected to
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see whether any of the laminations or fingers prdject into the slots.
The steel drift and rawhide mallet are used to clear the slot of any
of these projections.
Cells.
In each slot are placed cells of paraffined express paper. They are
made of a width such that when folded and placed in the slots the

Fig 60. Winding Lathe.

edges will project above the core, and thus protect the coils as they
are placed in the slots. The cells are stiff enough so that when bent
into the slots they are not easily shaken out, as the armature is re-
volved in winding. If any cells are longer than the slots they should
be cut off so that both ends of the cells will be fiush with the ends of
the slots.
- Colils.

In winding this armature, 45 complete coils are used. Each coil,

i. e, complete coil (See Fig. 65), is made by assembling in a cell three
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Pig. 61. Armature Shaft.

individual coils each consisting of two turns of No. 9, double cotton
covered wire. Each slot contains one side of each of two different coils.
One side of a coil is put in the bottom of one slot and the other side
in the top cof another slot. T}aree wires or leads are brought out from
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Pig. 63. Inserting the Colls.

each side of the coil on the under side. This type of coil i8 known
as a “three-lead coil.”
Taping.

-‘The middle lead of the three coming from the bottom side of the
coil is taped with black tape, the outside lead is taped with white tape,
and then all three leads are taped together. The top leads are not
taped but are bent up and outward, as shown in Fig. 62,

Putting Colils in the Slots.
Beginning with any slot the bottom of a coil i8 placed in it so that

Fig. 63. Fitting the Canvas Blanket.
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each end of the coil is at an equal distance from the core, the top of
the coil resting on the core. The bottom of the coil is forced to the
bottom of the slot by means of the fiber drift and mallet. Call this
slot No. 1, and count toward the top of the coil antil slot No. 11 is
reached. Start the top of the coil in this slot. This is called a throw
of 1 and 11, or simply 11. The tops of the first ten coils are not forced
into the slots as they must be taken out when the last ten coils are

Mockinery N.Y.
Pig. 64. Beotion through Armature.

put in place (See Fig. 62). The bottom of the next coil is placed in
slot No. 45, and the top in No. 10. After the first eleven coils are in
place the tops should also be driven into the slots. Continue in this
manner around the armature until slot No. 11 is reached. Beginning
with slot No. 45, take out the tops of all the coils up to and including
the one in No. 11 slot and bend them away from the armature so that
the bottcm sides of the last ten coils can be placed in the slots. After
the last ten coils have been placed in position, the tops of the coils
which were removed to make place for the last ten coils are put in
place.

A piece of heavy wire is wrapped around the coils at each end just
outside the core and tightened with the pliers as firmly as possible.
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Pig. 66. Armature Coil.

This is to hold the coils in the slots while the winding is being tested,
trued and connected. If the upper leads are not bare at the outer
ends, the insulation should be scraped from them for about three
inches. All the upper leads are then connected by a fine copper wire.
Care must be taken that no leads touch the core or shaft as the leads
are not required to be insulated sufficiently to withstand the voltage
used in the insulation test. This test consists in applying 3,600 voilts
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between the winding and the core. 1f the test shows a ground in any
coil, the coil is removed and a new one substituted.

After the armature has passed the insulation test, the tops of the
slot cells are cut off even with the core. Then the tops and ends of the
coils are trued. To do this the armature 18 revolved in the lathe and
a plece of chalk is held so that in turning the armature it will mark
the coils that project. These are then driven down, or the others are
brought out even with the high ones. The fronts of the coils are then
trued. 1n Fig. 66 parts of the winding being trued are marked with
white chalk. The blankets are next fitted over the front ends and
sewed on with a curved needle and wax thread. The thread is passed
in under the ends of the coils and brought up through them near the
core and tied firmly over the blankets. They should be tied in at least
six different places. The blankets are to separate and insulate the

Pig. 66. Truing-up the Winding.

leads from the ends of the coils after the leads are connected to the
commutator (See Fig. 63).

The winder then stands on the opposite side of the lathe and takes
the bottom lead of any coil and counts seven slots in a clockwise direc-
tion facing the commutator. This lead is bent up and across the ends
of the coils and held in place by the lead from the seventh slot. Pro-
ceeding in the same manner around the armature in a counter-clock-
wise direction facing the commutator, all of the lower leads are bent
like the first one and secured by the upper leads. This finishes the
operation of winding. The armature is now ready to have a commu-
tator pressed on.

Pressing on Commutator.

Small commutators are pressed on to the shaft by a hand press. All
of the larger commutators are pressed on by means of a power press.
In Fig. 67 is shown a hand press. The plate B is used in removing
old commutators. It is placed back of the commutator as at zy with
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the slot C over the shaft. Bolts a b are passed through the holes aa
in the plate and secured by nuts. The commutator, can then be forced
off the shaft. In pressing on a commutator, a sleeve i8 placed over the
shaft at O, and rests against the commutator. The rear end of the
shaft is secured so it will withstand the pressure, and the commutator
is forced on. The power presses are built on the principle of a

_hydraulic press. In pressing on a commutator a piece of babbitt metal

or soft brass should be-painted with white lead before having the
commutator pressed on, in order to lubricate the shaft so that the
commutator will preas on easily. The wiper rings are pressed on
after the commutator and then the armature is ready to be connected.

Connecting.

The first operation necessary in connecting 18 to “lay-off” the com-
mutator. In “laying-off” the upper and lower leads of any coil are

Fig. 67. Preass for Forcing on snd Removing Commutator.

found by means of a lighting-out set. The slots which contain this
coil are marked with chalk. In connecting a No. 38 B railway motor
armature the following should be noted: There are 135 bars in the
commutator. The throw of coil is I and 11 and, as the winding is
progressive, the commutator throw equals

number of bars + 8

2

With this commutator throw the center of the throw will be a bar.
The throw of a coil is 1 and 11, therefore, the center of a coil throw
will be a slot. Hence every slot should line up with a bar. By hold-
ing a pencil on the commutator perpendicular to it and sighting along
the side of a coil the bar opposite the center of the slot in which the
side lies may be located as at A in Fig. 68. Mark this bar with a
colored pencil. Find the bar opposite the other side of the coil, as
at B, and mark with the pencil, calling the slot in line with A, No. 1.

=69, or 1 and 69.
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Count 20 bars from A4, in a clockwise direction and mark this bar
No. 1. Also count 20 bars from B in a counter clockwise direction and
mark this bar No. 69. Count from this bar to and including bar No. 1
and there should be 69 bars. Also there should be 29 bars between A
and B. D B A C is called the forward throw and D C is the back throw.
It i8 seen that the back throw is 66 or three less than the forward, as
it always will be in a four-pole, progressive wave-wound armature. If
an armature is wound retrogressively the forward and back throws
differ by one. If, in laying-oft, the center of the slot does not come
in line with a bar, find one that will line up with a bar and proceed
as above.

The 38B armature has three leads on each side of a coil and as

Fig. 68. Armature Correction Diagram.

there are 136 bars, there is no idle coil in this winding. Place the
middle lead of the three coming from the bottom of slot No. 1 in bar
No. 1, the outside lead in bar No. 136 and the inside lead in bar
No. 2. Next take the lower leads from slot No. 2 and place them in
bars No. 3, 4, and 5. The insulation should be removed from the leads
where they are to be soldered to the commutator necks. They are
driven to the bottom of the slot by means of a tool similar to the
wedging tool only much thinner. The lower leads are all placed in the
commutator and then they are “lighted-out.”

Lighting-out.

The purpose of lighting-out is to see that there are no grounds or
short circuits between the bars or coils, and to see if the leads are con-
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nected to the proper bars. The lighting-out set consists of two termi-
nals connected in series with a 110-volt incandescent lamp to the 110-
volt service lines.

One terminal of the lighting-out set is placed on bar No. 1 and the
other on the middle lead coming from the top of same coil. The lamp
should light. Next move the terminal on commutator bar No. 1 to
bar No. 2 and if the lamp lights it shows a short-circuit between bars
or between coils. If the lamp does not light the upper terminal is
moved to the next lead counter-clockwise, when the lamp should light;
H not, ind the bar on which it will light and bring the wire connected
to that bar to the proper bar. Continye in this manner around the
commutator. After the winding is lighted-out, the ends of the leads
projecting out over the commutator beyond the neck are cut off and
saved, as they are to be used again.

Two layers of friction cloth are then wound, over. the lower leads
and then the upper leads may be connected. The center lead from
slot 11 i8 connected to bar No. 69, the outside lead is connected to

Fig. 60. The Completed Armature.

bar 70, the inside lead from slot No. 12 is connected to bar No. 71, and
80 on around the armature. After the leads are all placed in the slots
in the commutator necks, they are driven to the bottom of the slots.
The lower leads which were cut off are known as “dummies.” These
are driven into the tops of the slots until the slots are full. After
putting in the dummies, all projecting ends are cut off and the arma- .
ture is tested for grounds and short circuits. The leads are then

soldered in the slots and the armature is then ready for banding.

Banding.

Tinned steel wire is used in banding. The bands on the core are
insulated with mica and fullerboard while on the coils they are insu-
lated with Japanese paper and tape. The insulation is made wide
enough so that it projects one-eighth of an inch on each side of the
bands. The bands on the core and lead are flve-eighths of an inch
wide, while the ones on the ends of the coils are made as wide as
possible. In putting on the bands the armature is rotated in a lathe
and the steel wire is wound on under tension. Clips are placed under
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the band wires and after sufficient turns have been wound on, the
clips are bent over the wires and soldered to them, so that the band
wires are held firmly together. After the bands are all on, they are
heated with a soldering iron and solder run around each band. Thus
the wire and clips are all held firmly in place.

Seven strips or bands are placed on the armature, four on the core,
one on each end of the coils and one to hold the leads in place. These
are shown in Fig. 69. The two bands on the rear end of the coils are
connected to the last band on the core by means of three anchor clips
spaced equally around the armature. This is done 80 there will be no
danger of the outer bands sllaping. After the armature is banded it is
tested for short-circuits or grounds, given. a coat of insulating paint
and is then ready for assembling with the other motor parts.











