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Issue

In the course of investigation into SL-1V thermal events, a question was raised regarding

possibility that traction motors of the car with tripped RGR relay might sustain excessive

currents and subsequently overheat while being limited to the low (200A) current when

operating in the consist with the healthy cars at high operating speeds.

SL-IV circuit operation

Review of SL-IV traction system schematics and operating manuals reveals the following:

1.

GE 1250 series traction motors are permanently configured in the series armature-
fields connection (RE: Schematic SL4-105).

In motoring, these series field motors are supplied with voltage from three series-
connected transformer-rectifier sections (RE: Schematic SL4-104B).

RGR trip causes interruption of the power feed to the rate control relay TLD2 (RE:
Schematic SL4-122A) that effectively prevents application of high acceleration rate
and associated current level via its interlock in the rate selection logic (RE: SL4-
134B).

While rate and associated current level are limited when RGR is tripped, no
interlocking/restriction is applied from RGR to restrict pickup of A2 and A3
contactors responsible for connecting respective secondary transformer windings
to their rectifier modules, thereby allowing up to full output voltage to maintain
commanded traction motor current.

Above means that commanded lower acceleration current will be maintained
exactly to the speed point where this current level intersects the motor current vs
speed curve. Above this speed current will start falling off in exact same manner
(along the same line) as it does on the healthy car with no RGR fault.



Theoretical motor behavior

Unlike the AC induction motors and permanent magnet motors, the series connected DC
machines cannot be forced into a braking mode and resulting excessive currents by
applying high rotational speed, for the following reasons:

1. Counter EMF (voltage) across DC motor armature is directly proportional to the
product of rotating speed and strength of magnetic field developed by the stator
coils. That field strength isin turn is proportional to the currentin the field coils —
the same current that also flows through the motor armature in case of series field
connection.

2. When the motor accelerates, its Counter EMF goes up with speed, and more voltage
is required from just to maintain commanded current. At some speed point, the
voltage source reaches maximum voltage output (in SL4 case, the A winding
thyristors or Ignitrons pass through the entire sine wave into that rectifier section)
and voltage cannot rise anymore. As motor accelerates further from that speed,
current starts falling from the commanded level.

3. Inorderto “overpower”, i.e. force the motor into braking mode it is necessary to
interrupt armature current completely and subsequently establish a circuit for
armature current to flow in reverse direction. Neither of these two conditions is
present in the SL4 motoring under RGR forced current limiting.

Relevant motor behavior equations for the series field machine as applicable to
the SL4 motors

| — motor current (Amps)

C,—motor field vs current gain constant (particular to specific motor design).
C.—-motor Counter-EMF gain constant (particular to specific motor design).
Rarmature, Rriewss) — DC resistances of armature and field windings (small values)
n —motor rotational speed

@ =1*C, (Field strength is proportional to the motor current)

Vrectifier = I*(Rarmature+Rfields))"'Cz*n*q) = I*(Rarmature"'Rﬁelds))"' Co*n* I*C,



Illustration of motor behavior
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Motor behavior illustration (similar motor, not GE 1250 from SL-1V)

Conclusion:

Speed

90

The higher is speed the higher is Counter-EMF and the lower will be motor current afforded

by the fixed voltage from all three rectifier sections, including the regulated one driven by

the A winding at the maximum Ignitron or SCR firing angle. Once current falls below the

200A limit, currents and tractive efforts will not differ between the car with RGR tripped and

the car without RGR fault.

Forcing increased current levels for the car being coupled in the consist with the cars

developing higher starting tractive effort is not possible.

This behavior was confirmed by SEPTA during test runs on 09/10/2025 on West Trenton line.





