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ABSTRACT

An apparatus has been developed which,
in conjunction with & Speedomax recorder, mokes
it possible to measure very rapid cooling rustes.
A rotating poteniometer disk is used to produce
a varyinz potential which is applied to the
thermocouple of the quenched specimen so that
the drop in potential of the thermocouple is
compensated for by the voltage from the rotating
potentiometer disk. The Speecdomax is then re-
qQuired to measure only the diffcrence 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 laborutory, it was nccessary to measurc the rapid cooling rates
encountered when 3/4 to 1/4 inch rounds were water cuenched. There was
no apparetus comnercially available which will satisfactorily measure
these rapid cooling rates but it was possible to design and build an
apparatus which, in conjunction with a Specdomax recorder, could satis-
factorily follow cooling rates up to 2400°C per seccond. A Speedomax
reccorder was used in this work but a high speed millivoltmeter could
have been substituted providing that the auxiliary apperatus was ae-
signed so that the rate of chenge of potenticl froa the auxiliary ap-
paratus and the specimen thermocouple did not cxcecd the rate of res-
ponsc of the ikesuring instrument. The Spuedomex recorder was found
capable of accurately recording cooling rates up to about 120°C per
second.,

GENERAL DISCUSSION

A. Considerations Becaring on the Problem

3. In order to usc the Specdomax Recorcer to measurc cooling

rates faster than those for which it was wesignec, an acpperatus was

built in which a varying potential from & rotating potontiometer disk

wes applied to a thermocouple connected to the quenched specimen, so

that the drop in potenticl of the thermocouple was compensated for by

the potential from the rototing disk. If the potentiel from the rotating
disk changes in e¢xactly the same manncer as the thermocouple potential, the
Speedomex will not be recuired to mecasure any chonge in potential with
tinme,

L. How.ver, in practice it is not possiblc to make the two changing
potenticls fully compensating, but the differcnce between the two changing
potentials can be mnde small enough to be weasurcd cccurately by the
Specdonax.

5. The cooling curve for the center of quenched rounds may be ap-
proximated by o scerics of straight lines having cifferont slopes. The
initial portion (Platc 6) (a) would indiccte no change in temperature
with time and would correspond to the lag between the time the surface

of the speecimen was imucrsced in the cuenching medium and the time when
the center of the specimen would begin to cool. The seconu segment would



correspond to the average change in slope of the cooling curve as the
specimen begins to cool and the third section would roughly correspond
to the maximum cooling rote of the specimen. For a series of rounds

of different diamcters the slope and length of thes.: straight lines are
roughly proportional to the total cooling time, Therefore, 1f these
straight line approximctions of o cooling curve are developed by the
rotation of the potentiometer crum the cooling rcte 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 correspaonds
to the time wuring which the roller (Plate 2) is riding on the copper
plate covering the cnds of the potentiometer coil. Because the resist-
ance of this plate is small, there is no change of potential with dis-
placement., The rcmeinder of the potentiometcr coil has been aivided
by the auxiliary shunt resistance (Plate 2) so that upon rotation of
the potentiometer disk thc scgments b and ¢ (Plate 6) arec developed.
Using this schemc, it would be possible to divicde the resistance of
the potentiometer coil into any nunber of segments so that the char-
acteristic curve would be a closer approximetion to the true cooling
curve, A charactoristic curve consisting of threc straight lines was
found satisfactory for the most rapid cooling rates cncountered,

6. The slope and position of these three lines were obtained by
recording on the Specedomax Chart the potential developed by the rota-
tion of the potentiometer disk., A very slow spoed of rotation of the
disk was used so that the change of potential with time did not exceed
the speed of responsc of the Speecdomax.

7. The apparatus has been used to measurce only the cooling rates
of the center of rounds, but the characteristics of the potontiometer

time curve,
8. The principlc parts of this apparatus arc:

a. A potentiometer disk made by mounting o potentiometer coil
from a Micromax rccorder on a bakelite disk (Plate 2).

b, A mechonism for turning the potoentiometer disk at different
rates of speeds consisting of e 1/4 H.P, D.C. shunt motor, a speed re-
ductor and & set of three interchangeabls gears (Plate 5),

€. A mechonism for starting the revolution of the potentio-
meter disk at thoe instant the specimen is quenched, This is done by
necns of a thyratron circuit (Plate 5) actuated by contact of the speci-
ment with the cuenching mecdium. The thyratron circuit operates a mag-
notic clutch (Plate 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 potentiomcter disk. This is dene by means of a magnetic
coil (Part 8, Platc 3) which throws a pen against the recorder paper at
the instant the thyratron tube fires,



9. When this cquipment was tustea, it was found nccessary to use
grounced metal-shielcded wire for the wires running from the spec1m~n
and the cuenching fixture to the thyratron circuit in order to avoic
interference from stray magnetic fields encuuntered in the furnace room.

10. For the initial runs the speed of rotution of the potentio-
meter ¢rum for cach run is determined by trial and error methods. In
general, tw> or three tricl runs are sufficient since it is necessary
only to adjust the speed of rotation of the potentiomcter disk so that
the Specuamnex is not reguired to mecsure a rote of change greater than
120°C per second. Later as weta are collectad, they moy be used tou pre-
uict the time for rototion of the potentiomster drum,

11. In urder to explain the purpose of cach picce of equipment,
the amanner in which thoy cre operated and the scquence of operations,
the procedure for arkinz o typical run is outlincc bolow:

2. The specd of the potentiometer disk is first roughly. acu-
justed with the intcerchangeable gears (Plate 4) onc then more exactly
by a variablc resistance in series with the rotor of the D.C. motor.

b. The potentiomcter disk is turnsd by hond to the point of
maximum potential.

¢. The theraovcouple is shorted vut so that the Specdomax
measurcs only the potenti-l from the potentiometer disk.

d. The maximum potential is acdjusted approximately ecual to
the temperaturce froa which the specimen is to bo cuenchec,

e. The starting point of the potentiometor disk is then sct
by slowly turning the input shaft of the speced recuctor by hanu until
the Speedomax registers & chinge from meximum to zero potential. This
takes up all the mechanicel play in the speed reductor anc the inter-
changeable gears and permits o very accurate setting of the starting
point bocause & rolatively large movement »>f the input shaft of the speesc
recquctor results in a very small movement of the potuntiuvmeter cisk.

f. The short across the thermocouple is then broken anc the
Speeuomax now mceasurcs sgpecimen temperaturec.

&+ The test potentinl of the Speedomox is chonged by reversing
the battery termincls. Then . the test switch on the test «ial is acd-
Jjusted to zive an offsct of 300°C to center the pe of the Specdamax on
the recoruer poper.

h. With the clutch disengagew the motor is turnecd on and al-
lowed to come up to constont speed. The apparatus is then ready to make
& run,

i. Tho pepor trovel of the Speedomax is turned on just prior
to quenching.

J. When the specimen onters thse quenching bath, the water
closes o circuit causing the thyrotron tube to fire. This in turn
actuates the magnetic clutch anc turhing pin.

k. After the run is completed, the time ot which the run
starts anu stops is cdetermined from the position at which the timing
pen first strikes the paper. For this apparatus the distance between
the timing pen ond the reeoraing pen is 2.08 inches.
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1. From the constants of the potentiometor disk, the time
per revolution anc meximum potential, the curve of the bucking po-
tential can be drawn on the recorcer paper (Plate 6). A point on the
true cooling curve may be obtained by the equation -

C = (4 + 300) - B.

Where A = the temperature recorued by the Specdomox at time (t)
B = the tomperature of the bucking potenticl at time (t)
C = the tomperature of the specimen at time (t)
3000C is thc off-sct potential which is cone by rOVOrSiné
the test potential .n the Speedomax and ajusting to -300%C
offset.



10.
11.

PARTS LIST

Thyretron Circuit (Electronic Relay)
Circuit t» Adjust Moaximum Potential on Potentiometer Disk
Potentiometer Disk

Auxiliary Resistconce on Potentiometer Disk to Giwe a Curve of
Three Straight Lines Instexd of only Two as Shown in Plate 3

Stationary Rollor to Pick off Contact from Potentiometer Coil
Brushes to Provide Contacts fur Each End of Fotontiometer Coil

Magnetic Clutch - coil of approximstely 5300 turns of #32 B & S
gauge enamel covered copper wire with soft iron yoke arcund it.

Timing Coil - coil token from 19-5594 Meisner Air Core R.F. Choke.
1/4 H.P. 1750 RPid, DC Shunt Motor with an Externel Variable
Resistance Connected in Series with the Rotor to Provide a Gracual
Variation of Spceed over a Relatively Small Renge.

Small Speecd Recuctor

Interchangeable Ge:rs to Provide for Rouszh Adjustment of the Speed
of Rotetion of Potentiometer Disk.
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