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In just the six weeks since the last report was written, 100 has taken a tremendous leap forward on several fronts. This has been 
partially due to a large amount of unexpected volunteer participation greatly supplementing the paid staff. As this is written, 100’s 
trucks are largely assembled and have been rolled out the back door of the Shop on track 1 and moved over to track “0”. The no. 1 
truck is partially under the deck which has been jacked up a couple more feet in the air while the no. 2 truck awaits its turn outside.  
 
Much of the body woodwork has been scraped and painted. The wood for both pilots has been cut, primed and painted and the no. 1 
pilot is installed, giving a very impressive appearance to that end of the car. So here are the details: 
 
Roof work – About the only component that had not been disassembled was the trolley base on the cab roof. This was because it was 
impossible to totally release the tension on its powerful springs. Even after the tensioning bolt was saturated with “PB Blaster” thread 
penetrant nothing happened. It became necessary to use the oxy-acetylene torch and very large wrenches to gradually work this badly 
rusted bolt back and forth until it finally gave up and could be laboriously turned out. Then with Dean Look’s help with a lever, the 
base was forced low enough so the pole could be removed.  
 
Then the much rusted bolts holding the base to the trolley boards were cut off and the base itself removed and handed via ‘chain’ 
gang, to the floor. The heavy cables which conduct the power to the circuit breakers inside the cab were then disconnected.  
 
The two rough oak trolley boards, about 2 x 5 ¾ in. x 142 in. (11 ft. 10 in.) were equally stubborn. These were made by Seashore, 
replacing the originals that came with 100 from Sanford.1 We had made 7 new oak cleats, and fastened them to the roof ribs and the 
boards to them with a multitude of flat-head bright (unplated) steel screws.2 The combination of the tannic acid in the oak plus the 
exposure to moisture made most of them impossible to turn. So it was necessary to use the Tiger Saw slipped between the cleats and 
the boards to cut them off. Some of the cleats had to be broken up to get at their screws but several good samples were saved from 
which Jim Mackell has made new ones. We do not have any idea if the new cleats are like the Laconia-made originals but they are in 
a common style. 
 
Because of their length and heavy cross-section, we had hoped to be able to re-use the trolley boards, and it still may be possible to do 
so. However one had a questionable area in the middle under the trolley base. We had left standing; leaning against the wall of the box 
when something jarred it. It fell with a mighty crash and broke in half, revealing how rotted it really was.  
 
The Seashore-applied canvas was of a light weight, probably no. 10. It had been painted with Modine Paint Company’s special 
graphite base in a reddish colour.3 We have ordered the next heavier (standard roofing) weight – no. 8 duck, from C. R. Daniels of 
Baltimore, MD. We ordered 9 yds of 60 in. width. The widest no. 8 obtainable is 84 in., so it was necessary to make a splice down the 
middle. Because it is under the trolley boards, it will be invisible.4  
 
The cab roof is sheathed with �  in. tongue-and groove (it appears to be) douglas fir. The original boards are also beveled on both 
edges of the inside face. It has been patched in two areas—one over where the stove was5 and one opposite toward the ‘left’ side6. The 
replacement wood was soft pine and not as thick as the original. As in the end wainscoting (hidden under the hoods), the boards are of 
various widths as narrow as 2 ¼ (face), with others 2 ½ and 2 ¾ in. There are also several that are 4 �  in wide, this one having a “vee” 
groove milled in the middle so it has the appearance of two 2 �  in. boards. Jim milled out enough poplar to replace the several square 

                                                 
1 During the last year or two of 100’s life on the YUCo tracks they had equipped it with two poles, apparently because of a situation 
where backing up was not convenient. Seashore returned it to the single pole it had most of its operating life, but that is ot what it 
would have had during the period to which it is being restored. 
2 The screws were: cleat ends, 14 x 3 ½ (14), cleat centre 14 x 4 (6), board screws 14 x 3 ½ (42). The cleats measure 20 in. overall 
length and raise the trolley boards above the roof approximately 2 �  in. at the center above the roof canvas. The centre cleat is 
actually two pieces each 6 ¾ in. long to make room for the projection of the trolley base.  
3 During the 1950s Ben Minnich dealt with the Modine Paint Company of Everett, Mass., having them make paint based on a formula 
he had obtained from the Twin Cities Rapid Transit which he proposed to use on 1267. It was a ‘graphite base’. You can feel the 
‘lubricity’ of the graphite when handling the canvas. 100 and 1267 were painted with this. At some time later, we were told that the 
paint conducted electricity. The paint now on 1267 is of a different base, applied when we re-canvassed the car. 
4 Contact information for C. R. Daniels: 800-933-2638 ex 260. Michael Barrash – mbarrash@crdaniels.com Cost $3.39 per yd. 
Purchased 16 yds. to cover the roof and hoods. $54.24. 
5 10 x 19 in. between ribs 3 & 4, originally the area of 3 full-width boards and two narrow ‘halves’. Very likely installed by STM after 
the stove disappeared. 
6 Between ribs 3 and 5, 39 x 8 �  in., covering two original T & G boards, plus a short section where the original has deteriorated.  
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feet of patched wood. The roof will then be re-nailed with galvanized rib nails, set below the surface; then sanded smooth so the joints 
between pieces are invisible.  
 

 
 
                                                               Rib 2 (compound)     Rib 3 (‘dutchman’) 
In addition to the heavy structure on the ends, the roof sheathing is supported by five ash (or elm) ribs, 1 �  in. thick x 1 ½ in high with 
both bottom edges beveled. Ribs 2 and 4 are ‘compound’, i.e. the wood is bolted to a parallel curved steel rib ½ in. thick x 1 ¼ in. 
‘high’. We noticed that the middle (no. 3) rib shows a ‘dutchman’ (�  in. thick ‘splints’ on either side of the rib about 35 in. long x 
wide) were applied at some time, (not sure if it was Seashore) reinforcing that area. We will probably use West System epoxy to fill 
the deteriorated rib and make new splints.  
 
Wainscoting 100’s cab and hoods are enclosed with tongue-and grooved wainscoting. Phil Morse has diligently scraped off the many 
layers of old paint, sanded, primed and repainted the majority of them with Fine Paints of Europe Nut Brown enamel7. To do a 
thorough job in this it was necessary to take the various boards off their frames. To keep them in the right order, it was necessary to 
stamp numbers on the back side.  
 
On the cab sides he discovered something rather interesting. With the boards8 all laid out in order, from the center, 22 boards out to 
the outside on each side, the tongues pointed toward the outside, but in the centre thee was a double-groove. The last piece facing out 
has a plain sawn end. So the pattern is 1 plain sawn; groove n its right, matching a tongue for the second and the other 9 pieces. At the 
centre is the groove on each piece, then the pattern is reversed all the way over to the right side. Why was this? So there was a lot of 
discussion followed by the ‘aha’ moment; then finding a trace of what was supposed to be in the double groove. 
 
In laying out tile floors or ceilings, in order to make them come out the same on either side, the work starts in the centre, working out 
to the outside. In the centre of a wainscot panel, there is a spline (a thin piece of wood with rounded edges, about 5/16 in. thick x ¾ in 
wide which fills the gap). After some searching Phil found a bit of the remnant of one and a full one. Jim milled out a second one.9  

                                                 
7 Holland Lac Floor & Deck Enamel RAL-8011. $100/2.5 liter “Euro-Gallon) can + 7.5% S & H. 
8 The wainscoting is �  in. thick x 3 �  wide (face including the bevel on each side). The total width including the tongue is 3 ¾ in. 
wide. The tongues are 5/16 in. thick x �  in. wide. The bevels are 3/16 in. wide. 
9 We should note that when we replaced the roof sheathing on Connecticut open car 303, the centre piece on the roof was ‘double-
tongued’, giving the same effect. 
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Project Manager Phil Morse scraping the last of the paint from hood end doors 
 
Numbers and stripes – When 100 came to STM in its latter-day YUCo colours, the only ‘graphic’ on it was the number 100 in a dark 
colour, possibly black. However in its earlier days including the period of our restoration work, it was aluminium, one era being over 
yellow.10 During its earliest days it appears to have been white, and had the full lettering on the sill. 

 
 

 
 

1940 era 
As Phil scraped down though the old paint he found traces of these and we have photographed and traced them as well as compared 
them with the numbering on the car in period photos. The very earliest numbering is much more professional with sharp lines and 
outlining. 
 
The stripe - Much to our surprise we found traces of a ½ in. yellow border stripe about 2 in. down from horizontal trim11 and spaced 
about ½ in. in from the sides and 1 ¾ from the bottom. We also found it parallel with the slant of the top of the hood. Additionally we 
found what appeared to have been some sort of logo in the centre of the cab side wainscot, the left hand end of which was rounded but 
with horizontal straight stripes leading to the right with what was a vertical stripe, the width of all this being about the same as the 
latter-day numbering. None of this shows up in any photos. 

                                                 
10 The yellow may have been a ‘size’ for aluminium leaf. 
11 The horizontal trim is 2 �  in. wide so the bottom of the stripe was 4 �  in. from the window sill. 
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Traces of yellow stripe               Vestige of ‘logo’ in early layer (pre A.S.L.?) 
What we suspect is that 100 (plus its sisters 101 and 102) were either painted incorrectly and A.S.L. didn’t want to pay for this 
‘frivolity’ or they were made for some other line which found they were unable to pay for them so they were sold to A.S.L. There 
certainly is no photographic record of this decoration, especially on the famous 1907 photo. Unfortunately it’s all gone now. 
 
Looking at the 1907 photo makes it appear that there is striping in that area and one could go either way but, to these eyes that is 
actually the edge of the trim piece. The space between the ‘stripe’ is too close to the trim piece. 
 

 
 

Sanford 1907 
The numbers – From what can be observed in the photos ‘through the ages’, the style of the numbers has changed very little, if at all. 
There were numbers on 100 when it left Sanford but they were painted over by Seashore subsequently. Because of the rough condition 
of the paint and their being saturated with Savogran SI-5 paint remover, it was difficult to trace the numbers accurately but the 
following dimensions based on measurements of the extant numbers and the photos seem to be correct: 
 

·  Height 8 ½ in. 
·  Width of 0 – 6 ¼ in. 

o Width of centre space 2 ¾ in. 
o Height of centre space 7 in. 
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·  Location of numbers 

o Left-hand side – “1” on board no. 9,    1940 view 
      “0” centre between boards 11 and 12 (exact centre of panel of 22 boards) 

·  Right-hand side – “1” on board no. 10 1935 view 
         “0” centre in middle of board 12, (centre of panel – between boards 11 & 12-  
    along inside of “0”   

 
The centre spline is between the ‘1’ and first zero on the right-hand side. (between boards 10 and 11) 
 
Phil also scraped the two cab doors. They’re in pretty good shape except for one or two of the panels which are warped. If it is 
possible to take the doors apart, it may be possible to flatten these panels by soaking them evenly on both sides and letting them dry in 
a ‘press’ arrangement. The doors and the window sash will be Fine Paints ‘tile red’ enamel.  
 
Motor serial numbers These are stamped into the motor frame. 

1 141804 
2 142184 
3 141995 
4 141701 

 
Axle Bearing Seats 
 These were measured in the middle of the ‘seat’ on the axle after scraping off the rustproofing compound. Because some of 

this compound may have remained on the seats, these measurements may not be completely accurate but are close enough. 
Maximum variation from smallest to largest is about 0.016 in.  

 Because the variation in the bearings and the axles is so small and the bearings have worn enough, it is not necessary to put 
the motors back on a particular axle. 

 
4 C 4.991 in. G 4.990 in. 
3 C 4.995 G 4.986 
2 C 4.987 G 4.987 
1 C 4.995 G 4.979 

 
Motor axle bearings 
There is considerable variation in manufacturer and style. This is primarily in the size and shape of the waste opening. Some are 
chamfered at the ‘split’ and others are not. Some have oil grooves and others do not. Because some have worn more than others, the 
chamfer at the window on most has worn off so Dean filed and ground/filed them where needed. (This is to keep the sharp edge of the 
window from scraping off the oil.) 
 
When they were removed and stamped for location, apparently there were some errors as some don’t match up. There should be holes 
for the dowel pins in the bottom half and none in the top. If we go as they are presently stamped, this does not work out. Also some of 
the holes seem to be enlarged and so we have closed them up and re-bored them to the proper dimension to be a snug but not tight fit 
their respective bearing caps. 
 
The bearing caps were stamped by GE with their serial numbers and there are four pairs, which is what it should be. However only 
one (141995—motor 3) matches while the others came from some other motors YUCo must have had in stock. So, except for having 
them paired by their own serial numbers, we will assign them arbitrarily. While the bearings are worn to a degree, they are still in 
good shape. YUCo must have had a bunch of used bearings and caps in stock which they put into 100 to keep it going. 
 
Manufacturers: J. F. Hodgkins, Gardner, ME 
 BRADY 
 (Hard to read) Coll____ Wks & Co. Brooklyn, NY  
 
Over time these bearings have loosened up within their housings. Ideally the axle cap and the motor frame should form a tight 
clamping fit and the dowel pins are only for the purpose of locating them. But, for whatever reason, they gradually wear more and 
more elongating their holes and beating the pins to an elliptic shape.  
 
100’s axle bearing housings, which fit the O.D. of the bronze bearings, although not perfect, have worn relatively little. On the other 
hand, 1160’s were so badly worn—to the point of near non-existance that the axles wore into the motor case. To correct that the axle 
cap and case were line-bored by Bruce Thain about �  in. larger than original and new oversized axle bearings were cast and carefully 
fitted by Dean Look. If we had to do that to 100, it would have required new axle bearings, a very expensive proposition—ask Roger 
Somers! 
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Modification of the bearings  
Both longitudinal edges should be chamfered at 45o as should the edges of the bearing window. This prevents the bearing’s acting as a 
knife edge and scraping the oil from the axle surface. Most were chamfered but some required it again (see above). 
 
Within the upper halves of the bearings are supposed to be oil grooves projecting from each corner of the bearing to distribute the oil 
over the entire bearing surface.  
 
Note: Neither the chamfers nor the oil grooves should project to the un-flanged end of the bearing as this would allow the oil to leak 
out. However one or two should do extend to the flanged end of the bearing in order to order the flange where it rubs on the gear or 
the wheel.12 
 
On 100 there are several different types of grooving and chamfering, requiring more or less modification depending on what’s there 
now. We have asked Dean to do this. 
 
Motor axle caps 
Upon examination of the four pairs of motor axle caps I found several things that lead me to further believe that YUCo mixed up parts 
from various motors.  
 
The four pairs have matching serial number, i.e. there are two caps each with the same serial number. However, only one pair has the 
same number as the main part of the motor. Further, when these caps were installed, they were on a different motor. 
 
Dowel pins – Photos taken during disassembly show the pins were beaten to an egg shape so they were drilled out by STM but no 
replacement pins were put in the resulting holes. These holes are nominally 5/8 in. diameter and various depths, ranging around 7/8 in. 

 

                 
 

Original ‘egg-shape’ beaten up dowel pins              Drilling out welded up dowel pin hole in bearing 
The bearing shells are about 5/16 in. thick in the ‘dowel pin’ area, so the pin should not project more than ¼ in. A new pin 1 ¼ in. 
long should do them all. It should be no shorter or it will not retain the bearing effectively. 
 
The holes seem to be somewhat oversize. The dowel pins available are 0.0001 to 0.003 in. oversized but this is not enough for the pins 
to be mounted solidly in the axle caps. 
 
Dowel pins �  x 1 in.  2 pk. (10 ea) 16.14      98381A794 
        �  x 1 ¼ in. 2 pk. (10 ea) 18.76   98381A796 
Two packs of each size were ordered and have since been installed. 
 
Therefore I think it is necessary to set them in Loctite Super Bonder—Super Glue no. 409.  
Two 0.7 oz tubes total cost $29.3213 (McMaster-Carr) 7608A55. (see below—this may prove not to be necessary because of the 
technique developed during the day after the order was placed) 
 
Corrective action- After some thought and discussing this with Bernie Bisnette, the following plan of action has been taken: 

1. Mount the axle cap in the Bridgeport milling machine with the dowel pin holes facing up perpendicular to the table. 

                                                 
12 In the Electric Railway Journal there is an article on bearing practices which illustrates six different configurations. One of those 
was for the bearings in Chicago 225, which we copied when fitting its axle bearings. 
13 When Chuck Griffith read this he thought we were being ripped off by McM-Carr until I mentioned to him that this was for two 
tubes; not one. Then he thought it was reasonable although the price per gallon at that rate would be over $3,000-so don’t waste it! 
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2. Bore holes out with a �  in. milling cutter so all are the same depth. The 1 ¼ in. pins will then fit properly and project enough 

to hold the bearings in place but not touch the axle surface. 
3. While still in the Bridgeport, weld around the hole to fill in bringing it down below �  in. diameter.  
4. Re-bore the holes with the �  milling cutter. 
5. Place a �  x 1 in. or 1 ¼ in. dowel pin in the hole.                            
6. Take the appropriate axle bearing (bronze) and braze around the hole in the bearing down to smaller than �  in.  
7. Bore this out to �  in.  
8. Set the pins in the Loctite. (This turned out to be less necessary as Bernie was able to fit the pins much more tightly. So it’s 

just a bit of ‘belt and suspenders’.) 
9. The bearings now fit tightly with just enough clearance to allow them to be removed. 

 
 

Bernie machining axle bearing cap 
Note the curatorial video camera making the next YouTube clip 

 
The bearings will be left with their respective axle caps so they will not get mixed up. 
In case the bearings are slightly out of level, they it does not matter because the mating top bearings have no dowel pin holes and can 
rotate slightly to accommodate this when being installed. 
 
The first set took a couple of hours and those thereafter took ½ hr. or less. 
 
Box covers – Two of the eight grease box covers are missing for the bottom bearing halves. In Seashore cars 38 and 1160 the bottom 
grease boxes are not used—these covers are sealed and there is no waste in the box. In some early technical literature I remember 
reading that in this style of motor where the opening in the bottom shell faces straight down, the waste tended to fall away from the 
axle, hence doing no lubrication.  
 
Still, York Utilities must have used both lower and upper boxes as all were full of waste when the motors were disassembled, although 
the waste in the lower boxes was in very poor condition, so we ripped it out and discarded it.  
 
Because filling both upper and lower boxes would be a waste of expensive waste. Instead, we will fabricate two sheet metal covers to 
replace the missing ones. Also, since these caps don’t need to be opened or sealed we are not going to replace the felt or springs on the 
covers, saving a couple days’ labor. 

 
Pinion installation – When the motors came back from their overhaul by A. C. Electric, the pinions and nuts were on them. They 
seemed tight but we were not sure if they had been shrunk on. A call to their Roger Paradie confirmed that they had not.  
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Pinion stew anyone?  James Doherty holds the striking block as Randy Leclair drives the pinion home. 
 

Three of the four big pinion nuts screwed on properly but the fourth, on motor no. 2 did not. The threads had become ‘buggered’. It 
was easy to correct the male threads with a thread file but the internal threads on the nut were another story. Dean Look was able to 
‘chase’ them on the Lodge and Shipley metal lathe with a specially ground tool he made. 
 
Randy Leclair made ‘pinion stew’, boiling two pinions at a time in a metal pail of water over a gas flame for about 1 hour. This 
expands them enough so they fit over the 1 ¼ in. /ft. taper on the pinion shaft. The pinion key is already on the shaft. The heated 
pinion is placed on the shaft and pushed in as far as it can go. Then a heavy block of wood is placed over the pinion (with a notch cut 
out to protect the threads on the motor shaft), and beaten with several blows of a sledge hammer.  
 
Before the no. 4 pinion was heated, a trial installation showed that it would not go on enough for the pinion nut to be screwed on even 
half-way. There was something interfering. With Prussian blue marking dye, Randy checked for high spots. After filing and grinding 
the shaft and inside of the pinion bore numerous times as well as checking a new pinion, he was able to get it to go on properly. The 
problem appeared largely to be at the very inmost end of the shaft surface. 
 
The nuts are held in place by a large round sheet metal lock washer with two ears: one bent into a slot in the pinion and the other bent 
over one or two of the pinion sides. 
 
The following appeared in the Curatorial Report no. 1 of 31 Dec. 2006 p. 15, relating to the variety of situations found in the pinions 
as we removed them:  

Motor 1 - pinion cannot be moved. The forged bar of the puller cracked. It will now be necessary to use another (overhauled 
now by Dean Look) puller and very judiciously apply some heat to expand the pinion slightly without removing its 
temper. This was tried on 30 December using a propane burner. Again, no luck especially after the second puller 
broke, this time with a stripped bolt. (Don Landry has offered to see if the machine shop where he works and which 
has a 100-ton puller will pull it off. Dick Avy has offered to take it down and back.  

Motor 2 - pinion fell off. Loose on the shaft, held only by the nut and kept from turning by the key which had beaten the shaft 
keyway up by the pinion’s motion on the shaft. The tapered part of the shaft was covered with old oil indicating it 
had been loose for some time. 

Motor 3 – pinion came of with considerable effort 
Motor 4 – pinion came of with almost no effort.14 
 

                                                 
14 Indicating it was not properly installed in the first place by YUCo. 
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The pinions and gears are in good to first-class condition and the pinions will be re-installed on the shafts after the motors 
return from their preventative maintenance. The shafts will be smoothed down and the fit checked by applying bluing die to 
see how well the pinion matches the shaft. 
 
Some interesting data on the pinions – (No 1 is still on the shaft.)  
No. 1 Nuttall 
No. 2 Made 1-17 (January, 1917) Other numbers 28387H  6464. Made by General Electric. Slightly worn—the edges of 

the teeth are slightly rounded over. 
No. 3  Made Aug. 25 (August, 1925) Made by Tool Steel ‘CINTI’ 15. No. 8385 
No. 4 Made in USA by GE 2838 7M 223-2269. 
 

Axle collars – These are a 2-part malleable iron casting (split into two halves) which clamp around the axle at the commutator end of 
the motor. The collar takes up the space between the hub of the wheel and the flange of the motor bearing. Because the bearing flanges 
wear down or come in slightly different thicknesses, the collar has an adjusting screw which is threaded into a projection on one side 
of the collar. In this case it is a 1 in. 8 TPI thread that can be adjusted to take up extra play.16 
 
The screw (or bolt) (100 had both) has 3 or 4 holes 3/16 or ¼ in. holes through which a cotter pin is placed. In the casting is a slot on 
either side of the collar casting through which the cotter pin is placed to keep the screw from turning. 
 
The collars are meant to clamp on the axle and turn with it as the axle revolves. At first glance (and so recorded in Curatorial Report 
no. 1), the collars looked good. However when they were removed, we found the situation was hardly good.  
 
The first step was to degrease them, removing the thick coating of ‘ook’ that had formed over the years. While this was being done we 
discovered three layers of strips of cardboard inside the axle collar. The collar has a [supposed to be] tight fitting area around the axle, 
about �  in. wide on the inside. In the middle the casting is a rough ‘channel’ and about ¼ in. greater in diameter so it does not come 
into contact with the axle.  
 
What we believe is, when YUCo found the collar loose during servicing, they made a (not uncommon) quick fix by wrapping three 
layers of advertising car cardboard around the axle; then re-tightening the two ¾ in. clamping bolts. When we scraped the axles in the 
area where the axle collars were, we found very little cardboard meaning it had been squeezed out or worn by the collar’s slight 
rotation back and forth. What remained, albeit soaked in degreaser, were the remnants of advertising cards: Fleishman’s Yeast and 
Bakers Chocolate were just barely visible. There was also evidence of canvas forming a layer in one collar.  
 
We measured the axles and found they were only a few thousandths of an inch under the nominal 5 in. diameter. Measuring the 
collars, however, showed their I.Ds. were worn as much as twenty thousandths oversized. Also we noted that the ‘plane’ of the collar 
was badly worn to a considerable angle, apparently due to the slight rocking of the collar. So they weren’t in the good condition we 
had thought originally.  
 
Historical practices: In the GENERAL OVERHAULING, AXLE COLLARS section on p. 51 of the Wisconsin Utilities Association 
1929 Standard Maintenance Practices are the following: 

1. Axle collar clamping bolts must be kept tight. (They were. In fact on some of the ¾ in. square-head bolts [two per collar] 
were two  which took considerable force to break them loose. On a couple there was only one nut but it was extra heavy. 
Hard to tell if these were “OEM” or YUCo.) 

2. These bolts should be secured by lock washers. (They were.) 
3. On collars that have worked loose at the fit, it may be necessary to use a sheet steel shim around the axle temporarily to keep 

them in service. (Obviously YUCo didn’t even do that.) 
4. A finished job on the above collar is obtained by machining them at the split. (This would be by machining the interlocking 

flats on each half several thousandths less so a clamping fit could be obtained. This was going to be our first choice but 
Bernie found, because the collar was so badly worn, it was impossible to hold it in the milling machine and make an accurate 
cut so has had to build the collars up by welding.) 

5. Use collars provided with an overhanging lip which fits over the axle bearing flange. (From what remains, it appears there 
may not have been a lip on the collars on 100.) 

6. This lip acts s a dust shield to protect the rubbing surfaces of the collar and the axle bearing flange. 

                                                 
15 Tool Steel Gear Company of Cincinnati, Ohio, now  known as Xtek. (Downloaded from their website): We purchased some pinions 
from them. Xtek built its reputation as a supplier to heavy industry as the "Tool Steel Gear and Pinion Company", founded in 
Cincinnati, Ohio, USA in 1909. Our company pioneered a unique method of hardening steel known as the Tool Steel Process (TSP). 
Today, along with the other products we have developed, we continue to focus on providing custom gears, made to your drawing 
specifications, or reverse engineered. We can also supply custom gears redesigned to meet your increasing demands 
16 In this case the recommended maximum value for motors up to 50 h.p. is ¼ in. (Wisconsin Utilities August 1929). 
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7. Preferably use collars with two adjusting bolts. (There is only one in each collar. Two collars had bolts which were ‘home-

made’ by threading a large nut on to a cut-off bolt. The others very likely copied the original and were made of a 1 in. coarse-
threaded cut-off bolt (about 2 in. long) where the end was machined into a square enabling it to be turned with a wrench.)  

8. After the adjusting bolts have been set up, see that they are locked by means of a cotter pin. (Three of the four still had cotter 
pins. One of the adjusting bolts required replacement so new holes were drilled in several spots enabling the bolt to be turned 
to give fine adjustments.) 

9. The face of all collars should be given a smooth slick finish to minimize friction and wear. (As it was, their faces were rusty 
in addition to being worn, so they would have continued to abrade the bearing flanges even further. Additionally we found 
that there were insufficient oil grooves in some of the axle bearings, with no channel leading to the bearing flange. So this 
would have been a ‘dry’, unlubricated interface.) 

10. Maximum values for motor end play are as follows: 
 a. Motors up to 50HP – ¼” 
 b. Motors 50HP and above – � ”. 

11. Keep axle collars adjusted in order to hold the motor end play within the above limits. 
 

Despite all this, these collars are better than some we have found on other cars such as 38! 
 
Bernie is still perfecting the overhaul process but here is some of what he has done (You will be able to see his work on YouTube 
shortly.) 
 

 
 

Bernie Bisnette machining annealed axle collar 
 

 
Initially he tried to machine the fits at the ‘split’ but, as mentioned above, this did not work. He then tried to machine them flat but, 
because so much of the original metal was missing, and because they were worn so crooked, it was impossible to do this. 
 
Then he stick-welded (using 7018 rod) a layer to build up the face. He found, however this was so hard he could not machine it. A 
telephone call to his dad, who’s an ace metal worker, told him that the welding had drawn the carbon from the malleable iron casting 
into the weld, making them extremely hard. The advice he got was to heat them red hot in his coal forge (which Bernie uses on a 
regular basis), then bury them overnight in sand to anneal them. Bernie did this and found they were much easier to turn using a fly 
cutter in the Bridgeport milling machine. This morning (5 December) he thought he might turn the collars in the lathe instead of the 
milling machine; a process he thinks will be faster. He also will build up the inside diameter of the collars and machine them for a 
tight fit on the axle.   

Reinstalling the motors – A. C. Electric has been graciously storing the four GE-80 traction motors for nearly two years, so they and 
we were glad to see their driver Denis (sic) arrive with them.17  
                                                 
17 Unfortunately, this turned out to be a mixed blessing as the weather had turned cold and the Pettibone would not start. This turned 
out to be caused by water in its fuel system which took the efforts of several people a couple of days to correct. In the meanwhile 
some much needed help from the Parts Department, and only about 2 hours delay, got them unloaded and put in the garage door at the 
back of the Shop. 
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Connectors and grounding - The first job was to install set-screw connectors on each of the four power leads and one ground lead per 
motor. Two of 100’s motors came with that type and the other two were the ‘knuckle’ type. We have opted to go with the former to be 
consistent. Thanks go to Norm Down for melting and scraping the ancient rubber splicing and friction tape from them. The original 
3/16 x 5/16 x 10-24 round-head iron machine screws tend to corrode even under the tape so we have made it the practice to replace 
them with stainless steel. Also, only two of the motors had specific ground connections with special cast-bronze connectors bolted 
directly to their frames. With advice from our overseas ‘electrical expert’, John Markham, we decided to put the same thing on the 
other two. It’s difficult to get such connectors now so we used heavy copper lugs and bored out the terminal hole to fit the �  in. bolt 
which is tapped into the motor frame. (Not surprisingly, these required re-tapping to get the bolts to go in properly) When we installed 
the wires we scraped the painted motor case and gave the area a coating of ‘no ox’, a conductive coating. In wiring the car we had put 
the extra ground connections on the bolster along with the originals. 

A. C. had installed all new wiring – no. 4 type DEL (Diesel-electric) multi-strand, 2,000-volt insulation. To get them to fit and tighten 
properly in the set-screw connectors, we stripped the ends back about 1 in. and filled them with solder to solidify them. 

Where each of the wires goes through the motor frame there is a soft rubber grommet. Over the years about half of these had 
disintegrated to the point they had fallen out. A. C. said they had looked at all their sources and could not find them. Dan Cohen 
looked through his parts stock and also came up with nothing. Phil Morse, who has a background in auto parts, suggested we use 
heater hose. So we went to our local NAPA store and, indeed, their 1 in. o.d. hose exactly fitted in, just tightly enough so it wouldn’t 
fall out. It was not possible to make a flange but it holds well, is a bit large on the i.d. and does the job of protecting the wires that we 
needed. 

Grease box covers – Originally these were felt-lined but this had long since disappeared. The felt was retained by a square steel plate 
held in place by 3/16 in. round-head steel rivets. We obtained new medium density gray wool felt and cut 3 �  in. squares from it. 
Then we punched ¼ in. holes in the felt for the rivets, inserted ½ in. length rivets and peined them over with a ball-pein hammer. 
Dean Look wound new torsion springs to replace those missing from the upper boxes. 

 

Dean winding torsion grease box cover spring 
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Armature Bearing packing - We have used all new 100% wool waste. This was obtained from Miller Waste Company of Winona, 
MN. Randy Leclair first saturated the waste with Rando 320 oil, our standard for waste-packed bearings. It was then drained; then 
pressed down tightly into the boxes so it pressed against the armature shaft.18 

 
 

What could be more fun than draining wool waste?! 
 

Axle bearing packing – This waited until the motors were installed as, when they are out of the truck, there is nothing to hold the 
waste in the box. 
 
The trucks – While the above was going on work was continuing on truck assembly. There were numerous complications as this took 
place including re-aligning the brake shoe heads and shoes so they would fit properly on the flanges. This took lots of cutting and 
welding in tight places. The elliptic bolster springs in the second truck went rapidly, since the crew has found how to compress them 
properly and safely. 
 
Journal boxes - Randy found and soaked the journal pads (a bit of an anachronism—an economy move) for the journal boxes. Each 
journal bearing had been scraped and fitted to a specific end of a specific axle by Dean Look so their location had to be kept as 
original. Getting the heavy journal box on each axle in addition to setting the truck frame down around them without having the boxes 
flip upside down was tricky at best. (Oh yes, we should mention that the wheel-and-axle sets had been brought in from outside and 
placed outside of the truck frames in the right order.)Unfortunately it was impossible for the Pettibone to reach over both truck frames 
far enough to place the no. 4 set so the truck frame had to be lifted high with the chain fall and the wheels rolled underneath to the 
correct position. 

 
 

Journal box cover opened slightly to show journal pad. 

                                                 
18 If the waste is not drained, even though the bearing appears to be tightly packed, the oil will eventually work its way out of the 
grease box, and loose its pressure against the bearing. The waste we are now using is of a looser type than we would like and what 
seems to have been used originally, so it must be pressed very tight. 
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The journal box lids are retained by a ¾ in. sq. head bolt projecting outward from a lug on the top of the box. It was necessary to put 
the bolts in before assembling the truck as the equalizer bars would be in the way thereafter. (These bolts caught many a shin during 
the truck assembly period.) There is a large hole in the top of the journal box lid through which the bolt goes, in turn through a special 
spacer with a flange that goes into the hole to centre the bolt. The shank of the spacer is about 1 �  in. o.d. around which is a coil 
spring whose purpose is to keep the box cover tight. Four of the spacers were missing from 100 (probably had just never been replaced 
by A. S.L./YUCo) so Bernie turned them out of round bar stock on the lathe. When the square nut on the bolt was tightened against 
the washer which retains the coil spring, it could not be taken up enough to keep the box from rattling. Fortunately the Parts Dept. had 
found a bunch of aluminium shims, like washers, about 3/16 in. thick and just the right i.d. and o.d. to fit perfectly and, when the nut is 
tightened, the spring is tight and the cover no longer rattles and seals better. For whatever reason, the design of these boxes will never 
keep all the water out.  
 
There were many other details but finally the frames could be set down. Much to our surprise they were still about 6 in. higher than 
original. With new bolster springs and everything being freed up and no weight on anything they went to their ‘highest and best’ 
location. Although it as possible to climb on the frame and jump up and down, with the frame bouncing nicely, it still was not possible 
to force it down. We were hoping that the traction motors, when they were set down, would push things down but they didn’t, 
appreciably. 
 
However, to everyone’s relief, the trucks did roll very smoothly, even as you barely pushed on them. So, just in time to prepare the 
room for the entrance of the Birney car and 7005 to track 1 in the Shop, the trucks made their grand exit. Because the track switch at 
the rear of the shop was covered and rather cantankerous the crew decided the best way to deal with the situation was, before the 
motors were put in, to pick them up with the Pettibone and swing them over one track to the west. The first truck was pushed in on 4 
December and the second on 8 December. The second had a good coating of snow which is melting away as this is written.  
 
In order to get the first truck all the way to the second (no. 1) bolster, it was necessary to pull it in with a come-along. There are no 
floor anchors in the area so a heavy piece of angle iron was welded to one rail with a hole for a clevis for anchoring the come-along’s 
hook. The second truck was pushed in most of the way using the New Holland tractor. With the snow on the ground, its wheels spun 
so it was necessary to supplement the effort with an old fashioned lever-operated car mover with the big wooden handle. 
 
Installing the motors: With the weather at the time promising to turn bitterly cold, the crew was motivated to install the motors so a 
crew of Randy, Dean and another member hustled out, found the necessary parts and got the motors into the trucks, enough to roll the 
first one into the north end of the ‘100 box’. Using the Pettibone they lowered each motor in place, rolling it around the axle and onto 
the waiting axle bearings. The bolts holding the axle collars were put on as best as could be done given the mud, approaching cold and 
dark.  

 
 

What a difference 8 months have made! 
Here’s Bernie cutting apart 100’s truck no. 2 on 15 April 2008 
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Randy and Dean rolling the motor around the axle to its proper resting place. 
 

Raising things – In order for the trucks to fit under the body (now only a deck with a pilot) of 100, it was necessary to raise the body a 
couple of feet. This was no strain as the body only weighs a few tons, nothing for the 3-ft. tall screw jacks. The problem was there was 
little room to work and because of the width and length of the trucks the jacks and subsequent car body horses had to be put out at the 
extreme ends and sides of the car. Jim Mackell and Donald Curry  did this work just in time for the first truck to roll in. At the 
maximum, so the truck and wheels would clear the low points, the air tanks, the deck was raised over 6 ft. It’s no longer possible to 
see over the top.  
 
It turns out that it will be nearly impossible to fully assemble the trucks without having them over the pit. So we will put 100 down on 
them, hoping that its weight will help compress the springs and make it possible to install the ‘binder bars’ which keep the truck 
together. In the spring the assembled locomotive will be towed over to the pit and the various components which were inaccessible 
will be put together. 
 

 
 

No. 2 truck just rolled in out of the cold. Note the fresh snow1 
 

A parallel project  – While the motors were being installed, Jim Mackell and Donald Curry  took down the end of the box where the 
trucks for 100 and 1160 had been restored. This proved to be a bit of a trick as the panels (4 x 12 ft.) are heavy and awkward. 
However, by mid-afternoon they were out of the way and the Birney pulled into the box, where it will be re-restored over the winter. 
Jim then reinstalled the wall which will help keep at least some of the wintry blasts. 
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4 December 2008  
Birney no. 1 in its Richmond (Valentine Museum) livery 

The other car to come into the Shop for the winter is Eastern Mass Street Railway 7005, which now occupies the track where 
Philadelphia Rapid Transit Nearside car 6618 resided during the summer. We needed to get it inside and all the shifting done before 
the winter weather doubled the ‘pleasure’ of outdoor switching. Thanks to Jack Coyle and his crew, it was done on time. 
 


