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C16J Thyratron Replacement
For the Monarch 10ee Toolmaker’s Lathe
Part Number 003004_7
The C16J Thyratron tube performs a voltage rectification function for the variable speed DC drive used
in certain models of the Monarch 10ee toolmaker’s lathe. These tubes are no longer easily available and
if they do show up from time to time as new old stock or used devices, they can be quite expensive to
acquire.
The Thyratron Replacement is a solid state SCR (silicon controlled rectifier) circuit designed to be a
drop in replacement for the thyratron tube originally supplied by Monarch. The replacement is
assembled from ROHS compliant and other lead free components.
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Electrical Specifications (typical)

Filament Voltage
Filament Current
Anode Voltage Drop
Max Average Anode Current
Max peak Anode Current
Grid / Gate Trigger Current
Grid / Gate Trigger Voltage
Peak Forward Voltage
Peak Reverse Voltage
Forward Standoff Voltage
Max Leakage at Standoff V
Max Breakdown Pulse Current
Max Clamp voltage at MBPC
Reverse Breakdown Voltage

C16J Tube

C16J Replacement

2.5 v
31 a
11 v
16 a
160 a
10 ua
-1 v to 1 v
1000 v
-1250 v
not applicable
not applicable
not applicable
not applicable
not applicable

not required
not required
2.3 v
16 a
300 a
2 ua
0.8 v
not applicable
not applicable
616 v
3 ma
6.1 a
984 v
-2200 v

Some of these specifications represent significant improvements. For example, the original tube
switches into conduction over a widely varying range that can span through the critical switching
region from a grid voltage of about -4 volts to over 1 volt depending on the anode voltage. This can
have an adverse effect on the load balance between two tubes in a full wave rectifier. The replacement
exhibits a very consistent switching threshold of about 0.8 volt with variation confined to a few tens of
millivolts.
Another significant improvement is the elimination of the filament current. In the 10ee lathe the two
C16J tubes consume upwards of 155 watts even when the lathe is idle.
Other improvements are a lower anode voltage drop with significantly lower power dissipation during
conduction and smaller physical size.
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Mechanical Dimensions
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Installation
-- Danger Warning -Hazardous High Voltage is present on numerous exposed components in any of the 10ee electrical
compartments when the lathe is powered. In particular, hazardous high voltage is present on the
heat sink and other exposed parts of the C16J Thyratron Replacement. Do not attempt any
maintenance or service of these type of components unless you are competent to do so!
The photo below identifies the C16J Replacement leads. These are also identified on the printed circuit
board as follows:
Anode
Cathode
Grid / Gate

A
K
G
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In a Thyratron, the Anode is the positive terminal which current flows into during conduction. The
filament terminals (either one or both) are the negative terminals which current flows out of during
conduction. On the original tube, only one of these, F- , is taken to be the main negative terminal
through which current flows. The evidence of this is in the slightly larger wire used for the F- lead. On
the replacement, the single cathode terminal, K, serves in place of the original tube F- lead. There is no
replacement lead that corresponds to the F+ lead.
The photo below shows a pair of C16J Replacements installed in the control cabinet of a 10ee lathe that
is equipped with a so called “Modular” drive. In this lathe, the two filament transformers are identified
as T6 and T7. For each of these transformers, connect the K lead to the bottom secondary terminal. The
T6 and T7 transformer secondaries are phased in relation to the thyratron gate drive circuit and
therefore it is important to connect the K lead only to the bottom secondary terminal as shown and not
to the top one. Finally, connect the G and A leads as shown.

The filament transformers T6 and T7 are not strictly necessary when using the C16J Replacement. If
the transformers are no longer functional, you can connect the K lead of each C16J Replacement
together, and then connect the joined leads directly to motor armature circuit 51. If T6 and T7 are not
shorted, you can leave them in place and make this connection at the secondary center taps. Otherwise,
you can remove the transformers entirely, secure the unused primary supply wires, and then connect to
the circuit 51 leads that were formerly attached to the T6 and T7 secondary center taps. Because of the
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phasing relationships between the various transformers in the lathe drive control, bypassing T6 and T7
changes the effective set point of the thyratron gate drive slightly which, in turn, changes the
compensation level adjustment. You will need to set compensation slightly lower (more
counterclockwise on the pot).
Tube and Tube Replacement Behavioral Differences
Besides some performance differences already noted, there are at least two other significant differences
between the original thyratron tubes and the SCR tube replacements.
In the off state, the original tube is non-conducting over its entire rated voltage range of -1,250 v to
1000 v, and is probably also blocking with little or no leakage in the presence of higher voltage
transients as well. The replacement, however, specifies an explicit breakdown voltage and exhibits
increasing amounts of leakage above that voltage. The original tube resists transients by simply being
capable of withstanding whatever momentary value is brought to bear. The replacement relies on its
breakdown voltage and associated leakage current to dissipate and clamp transient voltages to a level
that its constituent components can manage.
A second difference lies in the way that the two devices may fail. A typical failure mode for the original
tube is to go open circuit. This has the effect of blocking all current flow and isolating components that
are downstream (including the motor armature) in the manner of a blown fuse. The replacement,
however, may fail to either an open or a short circuit. Failure to a short circuit has the effect of
burdening any upstream and downstream components with significant amounts of current. In the
specific case of the Monarch 10ee lathe, this excessive load will either trip the 25 amp circuit breaker,
CB2, provided by Monarch inside the machine or else any external upstream protection devices that are
present outside the machine. As is normal practice, you must provide adequate and properly sized
external circuit protection for any piece of electrical machinery.
Other Applications
Some Monarch lathes other than the 10ee “modular drive” also use the C16J tube. These include the
10ee “works in a box drive” and the 1000ee (model 70) machines. The C16J Thyratron Replacement
may very well work in these applications but they have not been tested.
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Schematic and Circuit Description

A single SCR could almost replicate the function of the C16J thyratron tube in the 10ee lathe without
additional support circuitry. They both switch into conduction when their grid / gate inputs rise above a
volt or so, and they both exhibit essentially the same rectification behavior.
There is, however, one little problem. The lathe control circuit drives the thyratron grid from a high
impedance phase shift network. Because of its high impedance, this network is not capable of
supplying sufficient current (35ma) to the SCR gate to switch it into conduction.
The transistors Q1 and Q2 together with the bias and current limiting resistors R1, R2, and R4 serve as
a buffer between the input G and the gate of D1. This buffer switches on and applies sufficient voltage
and current to the gate to turn the SCR on whenever the input G is above about 0.8 volts.
Diode D2 is a protection diode to prevent voltages at G from damaging Q1. R3 is a current limiting
resistor which presents a suitable high impedance to the external network, and R3 and C1 together form
a low pass filter to prevent spurious gate transients from triggering the SCR. This filter mimics the slow
turn on and transient suppressing behavior of the original tube.
One problem with designing solid state circuits for operation at high voltages is that there is a poor
choice of semiconductors at these voltages. Q1 and Q2 are low voltage devices, however the entire
circuit is intended to operate at anode voltages as high as 600 volts.
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Q3, R5, R6, and D4 form a power efficient voltage buffer that provides low voltage operating bias for
Q1 and Q2. When the anode is below about 12 volts, transistor Q3 is on and delivers supply voltage to
Q1 and Q2. Above 12 volts, as long as Q1 and Q2 are off and not drawing current, zener D3 clamps the
Q3 gate to approximately the same voltage as its source which keeps Q3 off. The presence of R6
suffices, however, to keep Q1 and Q2 biased and ready at 12 volts.
In this state, Q1 and Q2 are both biased and ready to trigger, but the circuit draws no current from the
high voltage anode other than the very small zener bias current through R5. When there is a trigger, Q1
and Q2 both draw current through R6. The resulting R6 voltage drop turns Q3 on which in turn
supplies as much current as required by the D1 gate and the limiting resistors R1, R2, and R4.
The circuit in the thyratron replacement is equipped with components that are designed to operate at
anode to cathode voltages as high as 1000 volts. In operation in the 10ee lathe drive, however,
transients can and often do exceed this voltage. To address this, transient voltage suppressors D5, D6,
D7, and D8 clamp transients accross the main circuit to well below 1000 volts. Diode D9 provides
additional reverse voltage protection.
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