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ABSTRACT

An apparatus has been developed which,
in conjunction with a Speedomax recorder, makes
it possible to measure very rapid cooling rates.
A rotating potenioneter disk is used to produce
a varying potential which is applied to the
thermocouple of the quenched specimien so that
the drop in potential of the thermocouple is
compensated for by the voltage from the rotating
potentiometer disk. The Speedomax is then re-
quired to measure only the difference between
the two changing potentials.
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INTRODUCTION

A. Authorization

1. This problem was authorized by Bureau of Ships letter JJ 461
(21)(350), 22 May 1942, under BuShips Project Order No. 2418/42.

B. Statement of the Problem

2. In the investigation of low hardenability steels conducted at
this laboratory, it was necessary to measure the rapid cooling rates
encountered when 3/4 to 1/4 inch rounds were water cuenched. There was
no apparatus coimnercially available which will satisfactorily measure
these rapid cooling rates but it was possible to design and build an
apparatus which, in conjunction with a Speedomax recorder, could satis-
factorily follow cooling rates up to 24000C per second. A Speedomax
recorder was used in this work but a high speed rnillivoltmeter could
have been substituted providing that the auxiliary apparatus was de-
signed so that the rato of chango of potentiol froes the auxiliary ap-
paratus and the specimen thormocouple did not exceed the rute of res-
ponse of the moeasuring instrument. The Spuedoncxa recorder was found
capable of accurately recording cooling rates up to about 1200C per
second.

GENERAL DISCUSSION

A. Considerations Bearing on the Problem

3. In order to use the Specdomax Recorder to measure cooling
rates faster than those for which it was uesigned, an apparatus was
built in which a varying potential froin a rotanting potontiometer disk
was applied to a thormocouple connected to the quenched specimen, so
that the drop in potenticl of the thermocouple was compensated for by
the potential from the rotAting disk. If the potential from the rotating
disk changes in exactly the same manner as the thormocouple potential, the
Speedomwnx will not be required to measure any cho.nge in potential with
time.

4. However, in practice it is not possible to make the two changing
potenti-ls fully compensating, but the difference between the two changing
potentials can be madc small enough to be insasurod nccurately by the
Speedomax.

5. The cooling curve for the center of quenched rounds may be ap-
proxiaatod by a series of straight lines having different slopes. The
initial portion (Plato 6) (a) would indicate no chango in temperature
with time and would correspond to the lag between the time the surface
of the specimen was imndersod in the quenching medium rand the time when
the center of the speciion would begin to cool. The seconQ segment would
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correspond to the avorage change in slope of the cooling curve as the
specimen begins to cool and the third section would roughly correspond
to the maximum cooling r.2te of the specimen. For a series of rounds
of different diamotors the slope and length of thes). straight lines are
roughly proportional to the total cooling time, Therefore, if these
straight line approximations of a coiling curve are developed by the
rotation of the potontiometer drum the cooling rate of different dia-
meter rounds can be closely matched by varying the speed of rotation
of the drum. The first straight line portion (a) Plate 6 corresponds
to the time uuring which the roller (Plate 2) is riding on the copper
plate covering the ends of the potentiometer coil. Because the resist-
ance of this plate is small, there is no change of potential with dis-
placement. The remainder of the potentiometer coil has been divided
by the auxiliary shunt resistance (Plate 2) so that upon rotation of
the potentiometer disk the segments b and c (Plate 6) are developed.
Using this scheme, it would be possible to divide the resistance of
the potentiometer coil into any number of segraents so that the char-
acteristic curve would be a closer approxiimation to the true cooling
curve. A characteristic curve consisting of throe straight lines was
found satisfactory for the most rapid cooling rates encountered.

6, The slope and position of these throe lines were obtained by
recording on the Spoedomax Chart the potential developed by the rota-
tion of the potontiomotor disk. A very slow speed of rotation of the
disk was used so that the change of potential with time did not exceed
the speed of response of the Speedomax.

7. The apparatus has been used to measure only the cooling rates
of the center of rounds, but the characteristics of the potontiometer
disk could bo changed so that it would approximate any type of potential
time curve.

8. The principle parts of this apparatus arc:

a. A potentiometer disk made by mounting a potontiometer coil
from a Micr-max recorder on a bakelite disk (Plato 2).

b. A mechnism for turning the potontiometer disk at different
rates of speeds consisting of a 1/4 H.P. D.C. shunt motor, a speed re-
ductor and a set of thro interchangeablo gears (Plate 5),

c. A mechanism for starting the revolution of the potentio-
meter disk at the instant the specimen is quenched. This is done by
means of a thyratron circuit (Plate 5) actuated by contact of the spoci-
ment with the cuonching modium. The thyratron circuit operates a mag-
netic clutch (Plato 4) which couples the rotating motor to the potentio-
meter disk.

d. A timing circuit which makes it possible to determine
accurately the time of the start of the quench and the time for revolu-
tion of the potentiometer disk. This is done by means of a magnetic
coil (Part 8, Plato 3) which throws a pen against the recorder paper at
the instant the thyratron tube fires.
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9. When this equipment was tested, it was found necessary to use
grounded metal-shielded wire for the wires running from the specimen
±nd the c uenching fixture to the thyratron circuit in order to avjiQ
interference from stray magnetic fields encountered in the furnace room.

10. F o)r the initial runs the speed 'of rot ztion of the potentio-
meter drum for each run is determined by trial and error methods. In
general, two -r throe trial runs are sufficient since it is necessary
"nIly to adjust the sped of rot,' tion of the potentiomoter disk so th.At
the SpoeoG x is nt requireu to =L-bsure a rate of change greater than
1200 C per second. Later as c.&ta are collected, they may be used to pro-
(ict the time for r otattion of the potentiometer drum.

11. In .rdor to explain the purpose of each piece of equipment,
the mianner in which they are operated and the sequence of operations,
the procedure for mkin;-- . typical run is outlined below:

a. The spod of the rotentiraeter disk is first roughly aA-
justod with the interchangeable gears (Plato 4) and then more exactly
by a variable resistance in series with the rotor of the D.C. motor.

b. The potentiometer isk is turned by h:znd to the point of
maxinum potential.

c. The thoramocouple is shorted out so that the Speedomax
measures only the potentia.l frm the potentiometor cdisk.

d. The maxhimum potential is adjusted approximately equal to
the temperature fro,.1 which the specimen is to be (cuenchec.

e. The starting point of the potentior:1et ;r disk is then set
by slowly turning the input shaft .f the speed reductor by hanu until
the Speedomax registers a ch:.nge from maximum to zero potential. This
takes up all the mechamical play in the speed reductor and the inter-
changeable gears and permits a very accurate setting of the starting
point because a relatively largo movement of the input shaft of the speed
reduct or results in a very smal movement of the potentiometer disk.

f. The short across the thermocouplo is then broken an' the
SpeecLomax now measures specimen temperature.

g. The test potenti.l :.)f the Speedon.ax is chcngeu by reversing
the battery terninals. Then. the test switch on the test Lial is ad-
justed to sive an :offset of 3000 C to center the pen of the Speedomax on
the recoruer paper.

h. With the clutch Uisengageu the motor is turned on and al-
.-owec to come% up to constant speed. The apparatus is then reay to make
. run.

i. The pa, per travel of the SpoedL1.max is turned on just prior
to quenching.

j. Aen the specimen enters the quenching bath, the water
closes a circuit causing the thyratron tube t) fire. This in turn
actuates the imagnetic clutch ant, turning pin.

k. After the run is cempletec, the time at which the run
stfats anu stops is deterLinea, from the position at which the timing
pen first strikes th3 paper. For this apparatus the distance between
the ti-ing pen and the recorLing pen is 2.08 inches.
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1. From the constants of the potentiometer disk, the time
per revolution snC moxiraum potential, the curvo of the bucking po-
tential can be drawn on the recorer ppor (Plate 6). A point on the
true cooling curve may be obtained by the equation -

C = (A 4 300) - B.

Where A the temporature rocormed by the Speodomd x at time (t)
B the temperature of the bucking potantial at time (t)
C = the temporature of tho specimen at time (t)
300C is the off-set potential which is C.one by roversing
the test potential ;n the Speedomax and ajusting to -300 C
offset.
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PARTS LIS T

1. Thyratron Circuit (Electronic Relay)

2. Circuit to Adjust Maximum Potential on Potentiometer Disk

3. Potenti.,mter Disk

4. Auxiliary Resistamco on Potentiometer Disk to Give a Curve of
Three Straight Lines Instead of only Two as Shown in Plate 3

5. Stationary Rolljr to Pick off Contact from Potontiomoter Coil

6. Brushes tj Provide Contacts f.r Each End of Potontiometer Coil

7. agnetic Clutch - coil of approximately 5300 turns of #32 B & S
gauge enamel covered copper wire with soft iron yoke around it.

8. Timing Coil - coil taken from 19-5594 Meisner Air Core R.F. Choke.

9. 1/4 H.P. 1750 RPA,, DC Shunt Motor with an External Variable
Resistance Connected in Series with the Rotor to Provide a Gradual
Variation of Speed over a Relatively Small Range.

10. Small Speed Roductor

11. Interchnngeable Go-rs to Provide for Rough Adjustment of the Speed
of Rotation of Potentiometer Disk.
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