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D)SIGN AND CONSTRUCTION 

01' AN AUTOMATIC iECORDING DILAPOt4ETER 

I. INTRODUCTION 

A. Dilatometer 

The determination of dimensional changes of rnaterials, of 

coefficients of linenr and cubical expansion, and of the terr.era- 

tures and magniturd.es of the dimensional changes during transform-. 

ation of materials, is usually accomplished with an apparatus 

called a Dilatometer. The Dilatometer consists of three basic 

components. A furnace for heating the material, a dial gage for 

indicating the deformation, and. a thermocouple with pyrometer for 

nieasuring the temperature make up these components. 

The procere for king a test with the Dilatometer is as 

follows. The thermocouple is inserted in the specimen which is 

enclosed in the furnace. The thermocouple leads are attached to 

a pyrometer. A rod of some low thermal exansion -aterial is placed 

on top the specimen and. extends through the furnace to the dial gage. 

Any eTpansion of the specimen is transferred to the dial gage. The 

pyrometer and the dial gage are red simultaneously. The results 

are plotted on graph paper and a curve of deformation vs temperature 

is drawn. 

It is difficult to accurately read. the moving pointer of a dial 

gage and two persons seldom read a gage the same. The plotting of 
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values on graph paper does not exactly show the true inflection of a 

curvo. Also, a sufficient number of reali zigs are seldom tal'en to 

insure that the points of inflection are accurate. It was with an 

attempt to eliridnate as many errors as possible that the conversion 

of a Rockwell Dilatometer to Automatic Recording was chosen for this 

thesis. The Dilatoieter used was a part of the equipment in the 

Physical etallurgy Laboratory at Oregon State College. 

One of the most frequently measured physical properties of 

materials is thermal expansion. Nearly all materials undergo a 

change in dimension when heated or cooled. They expand when heated 

and contract when cooled. The Bureau of Standards uses a furnace 

with dial gage and thermocouple in the determination of the standard 

value of the thermal coefficient of expansion for certain materials. 

With the multitude of alloy metals in estence today, it is impos- 

sible for the u.reau to list the coefficient of every engineering 

material. Dilatometers in laboratories are used. in the deterination 

of these numerous other expansion coefficients. 

Two students, R. W. Adanison and. We E. Pauerso, used the Rockwell 

Dilatorneter as it previously was arranged in the preparation of their 

term paper, 'Tbermal Expansion Coefficients of High Temperature 

Alloys»' Though they carefully calibrated the Rockwell Dilatometer 

for a correction factor needed due to the construction of the apar- 

atus, their values of thermal coefficient of expansion for these alloys 
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were less than those values reported in a paper presented at the 19L.6 

AS.TJ4. Syniposium on 4aterials For Gas Turbinez. The students stated 

in their resulte that, "the correction factor was far frois constant 

throughout the temperature range.W The correction factor was deter- 

sdned by operating the apparatus without the specimen in the furnace 

and noting any deflection of the dial gage. Besides reducing the 

Iminan error by naking the Dilatometer automatic recording, its con- 

version would also remove most of the mechanical errors. 

These mechanical errors are explained by describing the mechanism 

of the Rockwell Dilatoneter before it was changed. Upon expansion, 

the specimen pushed np on a quart rod. as in the Recording Dilatoireter 

but the movement of the rod was not directed against the dial plunger 

as it is now. Instead, the pìartz rod was fastened into a lever system. 

The upward force of the specimen was transferred to a point just in- 

side the fulcrum end of a 1/16 inch x one inch steel bar. The lever 

bar had to be raised before the dial gage, which was mounted several 

inches from the fulcrum, could indicate any exansion or contraction 

of the specimen in the furnace. This lever bar extended to a length 

of 16 inches and at the eth is attached a pulley system for recording 

the deformation on a chart. Iie to the clo8eness of the quart? rod 

attachment to the fu],crunì point, there were a. couple pounds of force 

reciuired to lift the lever bar. The transformation forces had to 

overcome this pressure before the hocwell Dilatometer could indicate 

that a deformation had started. At high temperatures the specimen 

approaches a pia stic state and the pressure of the lever system and. 
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quartz rod. may cause an actual deformation of the material belag 

tested, caus..n an error in the therul erpansion values. 

ihus, when the mecbanical errors were mentioned., they were the 

force requirea by the specimen to lift the lever bar, the error ?os- 

sible in the lever system itself, and the need to calibrate the 

apparatus before the dial reading can be used. In the hecording 

Dilatoueter, the light fuzed quartz rod, which is a thin walled tube 

closed at each end., directly contacts the dial gage pluager resulting 

in a direct reading of the expansion or contraction of the specimen. 

Drawings were obtained. from the Bu.reau of Standards of their 

expansion apparatus and several of the components were constructed 

and used. in the Recording Ilatometer. These parts were concerned 

with the mounting of the dial on the furnace. àlso, two pieces of 

itrosilU fuzea quarts expansion apparatus of Bureau of Standards 

design were purchased to help eliminate the error of thermal expan- 

sion between the specimen and the dial plunger. The pieces of quartz 

have essentially a zero thermal coefficient of expansion (1, p.173). 

lt was hoped that by these changes the Recording Dilatometer would 

reproduce the expans.on values of standard. metals which are reported 

by the Bureau of Standards. Lhe ziecording Dilatonieter could then be 

used with confidence when determining the coefficient of thermal 

expansion of some alloy metal. 
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C. Transformation Points Q Irn 

f&nother function of the Di].tonìeter is the recording of changes 

in therl expansion of materials which undergo allotropic modifi- 

cation. One of these raterials is iron. Often these temperatures 

of exoansion change are known as critical points but will be referred 
to as transformation points as there is an actual transformation of 

the crystal structure of the iron. At room temperature the iron exists 
in the aiDha (body centered cubic) form of crystal structure. Upon 

heating, the iron remains in this crystal form until a termerature of 

1670 F is reached. This temperature is referred to as the A3 point 

and is the temperature at which the iron changes crystallographic 
form. From aboye the A. point to 2552 F, iron exists in the gamma 

(face centered cubic) form. Transformations from one crystal struc- 
ture to another are accorirpanied by physical changea. One change is 
in the density of the iron. Another i the thernml change which 

consists of an absorption of heat during heating and an evolution 

of heat during cooling. It is by a record of these physical changes 

that the A3 temperature is detected. The density of gann'a (face 

centered cubic) iron is greater than the density of the alpha (body 

centered cubic) iron. Therefore, the net result of the transforma- 
tion from the alpha to gaa form is a decrease in o1ume and from 

gamma to alpha an increase in volume. 

a soecimen of iron is hecting it would indicate a contrac- 
tion when the A3 tsmperature is reached and. then continue t expand. 
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after the transformation had. been coitpleted.. Upon coo1ii from above 

the A temperature, the reverse would take place. 

Figure (i) i a reproduction of an iron-carbon equilibrium dia- 

gram and Ahows an A3 line, but there is aleo an line. An A1 point 

does not exist in cerbon1es iron and is not found during hestng and. 

cooling cycles un1es the carbon content exceeds 0.025 per cent. 

Nearly all steels contain enough carbon to have an point. At this 

temperature, and. before any rise above it cen take place, the lame- 

,Xlae of ferrite and cementite, Ye3C, in the pearlite begin to dis- 

solve in each other forming austenite (2, p.188). If the steel con- 

taIns between 0.025 and. fl.E3 Qer cent carbon, the free ferrite (that 

ferrite in excess of the amount required t forn pearlite) will begin 

to dissolve in the groir islands of austenite. This action will be 

conipleted at the A temperature. Thus the transforition of alpha to 

axrrra iron will take place over a rre in temperature ae evidenced 

by the spread between the A and S lines. 

when the pyrometer was read. visually, the specimen temperature 

was noted to slow in its increase while the dial gage suddenly indi- 

cated a contraction in the length of the spelrren. The free ferrite 

will dissolve in the growing islands of austenite until above the A3 

temoerature only graìns of austenite rer.in. The steel will again 

indicate an increase in length with an increase in temperature. 

Therefore, not only the crystal structure o. the iron changes but 

the microstructure is altered as the metal is heated through the 

transformation range. 
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A 1atoieter is considered. to be the best apparatus for deter- 

n.ning these transformation points 4, p.1169). A plot of deform- 

ation vs tem?erature shows these transformation ?Oiflts as dips in 

the curve. As mentioned, it is difficult to draw the true inflection 

and. change of curvature in a plotted. curve. A means of directly 

recording the dimensional changes of the specimen is desired. 

D. Priuciole Oeratjp 

The basic principles used in the construction of the recording 

portion of the Recording latometer are si.lar to those used by 

the Sylvania Electric Products Company (3, pp.1169-ll7l)e The dial 

gage plays the most important part in the apparatus. the pointer 

is used as one pole of a contact mechanism which, when its circuit 

is complete, causes a motor to drive a shaft connected to the chart 

drum of a recording potentiometer. The chart drum turns to corres- 

pond. to the erans1on of th specimen in the furnace while the pen 

also records the temperature, thns drawing a direct graph of de- 

formation vs temperature. There is no restriction of the movement 

of the dial gage pointer for only a slight pressure against the 

contacts is required to complete the ciroult and. turn the drum. 

The completed. Recording Dilatometer in its present form is shown 

in ligure 2. 



The company mentioned uses their Recording Dilatometer to 

obtain accurate thermal coefficient of expansion values for glass 

and seal-in wires which are bonded together. The expansion coeffi- 

cients of these materials must be the same to prevent breaking the 

glass arid destroying the seal. 
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Figure 2. Recording Dilatometer 

1. Variable Reactance. 
2. Furnace0 

3. Dry Cell Battery. 

4. Chassis. 

5. Rheostat. 

6 Knife Switch. 

7. Recording Potentiometer. 

8. Knurled Knob Pin for ind-up Spring. 

9. Contact Shaft. 

10. Vertical raoe. 

11. Dial Gage. 

12. Fuzed uartz Tube. 

13. Thermocouple and Battery Connections. 



XI. DESIGN AD CONSTRUCTION 

A. Contact Circuit 

li 

The main pieoe of new equipment oonetruotod was the electronic 

iontrols wìuic1 used the slight pressure of the dial gage pointer 

against one of the flag oontacts to complete a circuit. The oon- 

tacts and rtal gao ar' . shown in Figure 3. This circuit carries 

the current to a small rmanent macnet motor which turns the shaft 

upon which the contacts are mounted. The rotation of the shaft 

breaks the circuit and the motor stops until the dial pointer again 

approaches the flag contacts and completes the circuit. The shaft 

which holds the contacts is also connected to the chart drum. Thus 

the chart and drum advaiice ahead of the dial pointer In snail stepr. 

One of the problems which presented itself was that of having a 

small current at the dial pointer because of the danger of arcing 

the small gears in the gage. This would form pits on these deli- 

cate parts. Also, the flag contacts and. the dial pointer are made 

of light material and arcing here would soon destroy these parts. 

The motor obtained was a 27 volt dc ftDelcott permanent maiet motor 

which made it necessary to convert the 110 volt ao at the power 

source to 27 volt do at the motor. The dimensions of the chassis 

were limited because the base of the previous Rockwell Dilatometer 

was used as the frame. 

About the only way of attacking these problems was to sketch 

a number of circuit diagrams. It was kept in mind that the deciding 
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Figuro 3. Dial Gage and Contaots. 

1. Dial Gage. ( i rev0 i nia. ) 

2. Flag Contacts. 
3. Dial Pointer. 
4. Ring Contacts, 
5. Bearing and Mounting. 
6. Clutch. 
7. Gear. 

8. Center Load Clamp. 
9. Dial Gage Mounting Screw, 
10. Dial Gage Mounting Bracket. 
il. Inner uartz Rod. 
12. Thermocouple Leads. 
13. Dial Gage Plunger. 
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factor in the choice of cirouit would probably be the availability 
of the components. The circuit finally chosen is the one shown in 

Figure 4. The following is a list of parts with the symbols the 

same as those on the circuit. 

PARTS LIST 

S-1 Toggle Switch 

F-1 2 amp fu and Holder 

T-1 Knight over Transformer 
480 Tot 4Oma 
6,3v 2amp 

3v 2amp 

T-2 Selenium Transformer 
5vot 6amp 

VT-1 Rectifier Tube RCA (5Y3-GT) 

SR-1 Selenium Single Phas Bridge Rectifier 

ci-1 Filter Choke 
l6kiy Soma 

C-2 Electrolytic Condenser - Dual Section 
& lo-lo mfd 

C-3 480v dc 

C-1 Eleotrolytic Condenser 
100 mfd 50 y do 

R-1 Rheostat - Ohrnite Type 
75 ohms, 25 watts 

R-2 Resistor - I R C type 1 3/4 A (AB) 
25,000 ohm 10 watt Fixed 

R-3 Resistor 31 ohm Fixed 

RL-1 Relays DPS 
& min. ma 3.7 

RL-2 



CONTACTS 

PL-I 

R-3 

FIGURE 4. CONTACT CIRCUIT DIAGRAM 
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VT-2 Tube RCL (6sN7-GP) 

PL-1 
& Plug and. Socket OT 

So-i 

& i go1un Resiatance 
R-5 

PL Green Pilot Light 

Use was made f all the components that were already on hand as 

surplus equipment. 

The transformer 1?-2 was not available in the ratio of 110 

volt input to 35 volt ac poutput therefore it nad. to be rewound. 

It Drviously had only an output of 5 volts ac at the center tap. 

The number of turns bias increased from 3Ls to 119 using no. 23 copper 

wire. The tube sockets were recovered from surplus equlpiient. A 

chaaais was forned from a sheet of aluminum. The tubes, relays, 

selenium rectifier, and choke were mounted on the outside of the 

ohaaia and. all of the other components were wired inside. The two 

relays were covered '4th a removable cover to keep out dust and 

dirt and. yet leave them accessible for adjustment. The front of the 

chassis holds the toggle r4tch, the fuses, the rheostat, and. the 

Ammeter for measuring the furnace circuit. These are seen in 

$'igare 2. The chassis cover was painted with a black wrinkle 

lacquer and. baked in an oven to obtain a professional finish. 

A resuise' of the action within the circuit iray be divided into 

two parts. The first action may be considered as covering only the 
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dc current to the motor and the other covering the circuit from 

the contacts to the solenoids of the relays. 

Starting with the first action, the transformer (T-i) steps 

down the voltage from the power source to 35 volts ac which goes 

to the selenium bridge rectifier (SR-i), Across the leads from 

the rectifier Is a 100 mfd. condenser choke (C-1). The positive 

sid.e of the rectifier goes to the Obmite 'heostat (R-1). This 

rheostat provides a means of varying the speed of the motor. 

Although this variation is small, there is enough to keep the flag 

contacts and shaft ahead of the dia]. pointer no matter how fast 

the specimen expands, The relays are connected as shown by the 

relay circuit wiring in Figure 5. The only relay remaining open 

while the other is closed reverses the direction of the current 

in the leads to the motor. The motor is rated at 27 volts dc but 

under test it would run with as few as 6 volts. With the design 

used, the measured voltage at the motor was 18 volts dr. 

The other transformer (T-2) serves several purposes. One is 

to provide 6.J volts for the pilot light (PL) and at the same tap 

6,3 volts for the heater of the tubo (VT-2). There is also a '+80 

volt center tap which is used across the plates of tube VT-l. Pu.be 

VT-]. uses the 5-volt tap for the emp across its filament. The rec- 

tified current leaving the tube passes through a 16-Hy filter choke 

(CH-1). Across the choke is a dual section lO-lO mf cl '+50 volt d.c 

condenser (C-2 & J). The 250 volt dc smf is then applied to the 

solenoid coils of the relays, and also the plate of each half of the 
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A. RELAY-I CLOSED,RELAY-2 OPEN 

+ 

B. RELAY-I OPEN , RELAY-2 CLOSED 

± 

FIGURE 5. CHANGE OF POLARITY AT MOTOR 



tube VT-2. This emf is grounded through R-2, a fixed resistance of 

25,000 ohms. The grids of tube VT-2 are connected each to one of 

the flag contacts. This tube will not conduct until the dial pointer 

touches one of the contacts and increases the bias of the tube VP-2 

causing a current to flow to actuate the relay. The value of resis- 

tance R-3, which was roquired to establish the original bias in the 

tube, was determined by temporarily having a variable resistance in 

the circuit and adjusting it until the tube would only conduct when 

the contacts were touching, 

B. Conversion Recprdjnp Pptentioeto 

A Leeds & Northrup Recording Potentiometer was chosen for the 

Recording of the temperature of the specimen in the furnace. An ink 

pen inscribes the teraperature on a chart. Thii chart was driven at 

a slow but constant speed by the same motor which drove the balancing 

mechanism. The problem was to get the drum to follow the movement 

of the dial pointer. The pen would then draw the direct deformation 

vs temperature curve on the chart paper. The drum of the recorder 

had to be directly in line with the center of the dial gage and the 

contact shaft. The chart must be changed after each test and there- 

fore must be easily accessible. 

The first step was to make the recording mechanism accessible 

without raising the hinged cover, for when the shaft from the con- 

tacts to the chart drum was inserted through the left side glass, 

the cover could not be lifted. The front glass was removed from the 
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cover cace and mounted in an aluminum frame. This frame with glass 

was mounted on the outside of the caso and hinged at the top with 

small brass hinges. The chart could then be changed and there was 

still a dust proof cover for the potentiometer. 

The gear was removed fron the constant sreed drives 
which allowed 

the di-usi to rotate freely. The drum was supported ort both ends by 

small pins. The left pin iîas removed from the bracket in the recorder 

and the hole it was taken out of was reamed to receive a in. aiUto 

bronze bushln. Thi .s bushing would be the right hand bearing suport 

for the quarter-inch stainless steel shaft which holds the two flag 

contacts. This contact shaft was connected to the chart drum. The 

contact shaft first had. to be turned ori the end to fit into the cre- 

'v-ions small pin. hole which would align the chart drum and the shaft. 

To prevent the drum from turning on the shaft, the shaft was soldered 

to one of two jam nuts on the drum. A more permanent type of connect- 

ion was not made for it was planned that the potntiorteter could be 

returned to its previous arrangement with only a few alterations. 

The Recording Potentiometer 1t801f was mounted on the top of 

the former Dilatozneter base. The potentiometer was raised a. few 

inches by means of spacers to bring the chart drum axis in Une with 

the center of the dial gage. The construction of the mounting had 

to be sturdy for the potentiometer is top-heavy. It was secured by 

bolting down through the spacers under the feet of the potentiometer 

frame. The mounting of the potentiometer on the dilatometer base 

limited the length of the contact shaft, but for yetry it was the 

beat arrangement. 



C, Cpstrutjgn BracIet to Hold. Contact Shaft Motor 

The motor and. the contact shaft with gear had. to have a moi.niting 

bracket. This was built using mild steel stock. The main brace was 

fastened to the bracket holding the furnace hinges. The two parts 

were milled for easy alignment, To increase the stiffness of the 

main brace, a side bracket was fastened to the dilatometer stand, 

The top horizontal b..acket was brazed onto the vertical suprort. 

The bearing mountings, the motor nounting and the contact rings for 

the motor are all fastened to the horizontal bracket, The bearing 

mounts were machined from the same stock as the bracket, The bear- 

ings were pressed into their mountings. They were ball bearings 

which fit the in. contact shaft, Two bearings were used, one on 

either side of the chuck type clutch of the contact shaft. 

The motor mount was machined from two pieces of stock. One, 

round to hold. the motor, the other shaped to fasten the motor down 

to the bracket. A slot was milled in the motor mounting to facil- 

itate the disengagement of the gears. A snail guide was fastened 

on the bracket to guide the motor as it is engaged and disengaged 

with the gear on the contact shaft. All of the screws which fasten 

the different components onto the bracket were countersunk to leave 

a smooth surface, Figure 6 Is a diagram of the bracket and the parts 

mentioned. A black wrinkle lacquerfinish was baked on the bracket 

and mountings, similar to the finish on the chassis. 
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D. Construction of Contact Shaft 

The contact shaft was made from a * inch rod. of stainless steel. 

It is in two pieces, connected by a chuck tyoe clutch constructed to 

ai1'w the positioning of the flag contacts while the motor and gear 

are engaged. Figura 7 shows the gear, clutch, bearing, nr:: contacts 

and. fl contacts which are the main components of the contact shaft. 

The left half of the shaft, as shown in Figure 7, is spnorted by 

one bearing and the clutch. The flag contacts are mointed on a 

plastic block to keep them from shorting across the shaft. These 

contacts are spring brass and may in the future be gold plated or 

be ov-erlayed with gold leaf, The contacts need cleaning between 

tests to remove the thin oxidation filin which forms on them. Gold. 

would not form a film as readily as the brass and. would remain 

bright making an easier and. better contact with the slight pressure 

of the dial pointer. The plastic block wa drilled and tapped for 

the threaded end. of the shaft, The ring contacts were recovered 

from surplus radio equipment. They conduct current from either of 

the flag contacts to the chassis while allowing the shaft to turn. 

The other half of the contact shaft extends through the glass 

side of the potentiometer cover and. is connected to the chart drum. 

The gear was soldered to the shaft while pressed against the shoulder 

of the clutch. This helped to make the thin gear rigid, The gear 

ratio between the gear on the shaft and the gear on the motor is 

high, reducing the amount that the shaft turns in comparison to a 
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rotatioi of th motor. Phis Ert nf th ntact shaft has a bearing 

next to the gear to heì to te any thnt froi' the rnotor gear. 

This rotor i * geared. down pernnent magnet computor motor. Some 

of the reasons for choosing this type over other small motors are 

that it has a quick high starting torque and. stops instantly. Phere 

is also a built-in gear reduction down to 250 rpm. The motor has to 

stop instantly to keep the contact flags from advancing too far and. 

completing the circuit in the reverse direction. he dial pointer 

can not be restricted in its movement and. therefore a motor was 

chosen that would quickly rove the flag contact once the circuit 

the circuit was completed. The small motor just fits into the 

limited space between the shaft and the potentiometer. 

L Moiit.n Dia]. Gt 

The dial gage used. was the one that was on the previous Rock- 

well Dilatometer. It was larger than the one used by the Bureau of 

Standards but the sanie mounting brackets as used by the Bureau were 

nchined and adapted for this gage. Being the center pole of the 

contact system, the dial gage had to be insuL ted from the rest of 

the apparatus and the fused qiartz tube served as a natural meula- 

ter. The dial gage mounting bracket was made of mild steel, while 

the Bureau of Standards recommends that it be made of invar. It was 

planned that the bracket would be far enough above the furnace to 

keep it from getting warm and expanding enough to introduce an error 
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into the expansion tests. The gage and bracket are fairly heavy to 

be mounted on the thin walled quartz tube, but the danger of break- 

ing the tube was lessened by means of the spring-loaded mounting 

screw. A sketch of the mounting bracket is shown in Figure 8. 

It was chrome plated to prevent tarnishing. 

The boNing bracket on to of the furnace was made of brass and 

was chrome plated. The positive contact of the adjusting screws was 

too much for the thin tube and one adjusting screw was modified by 

installing a spring-loaded plunger in the end to reduce the danger 

of breakage. The three legs of the holding bracket were not placed 

symmetrically around it, but were so placed that they were all on 

the back half of the furnace. The front of the furnace could then 

be swung open as shown in Figure 9. 

F. Ipdifjcation .Q: race 

In Figure 9 the furnace is shown with the front half swung 

open. The hole in the top of the furnace was reamed to allow the 

fuzed. quartz tube to slide throui it. A metal plug the size of 

the bottom hole was made for aligning the furnace with the contact 

shaft when the furnace was closed. A bracket was made for fastening 

the back half of furnace rigid to the foundation of the Dilatometer. 

This bracket prevented the half of the furnace with the quartz tube 

holding uracket from moving when the front half of the furnace was 

opened. The front of the furnace could then be swung opon without 

disturbing the alignment of the dial pointer and. the flag contacts. 
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FIGURE 8. MOUNTING AND HOLDING BRACKETS 
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9. Dial Gae 

The front glass of the dial gage was removed to exÓse the 

dial pointer. A email silver contact vas soldered onto the dial 

tointer, otherwise, the dial wse left the same as when it was used. 

in the Rockwell Dilatometer, After some teet were run it was 

f ound that the dial gage pointer had to be balanced by adding some 

solder to the opposite end. of the pointer from the contact. This 

is explained further under the Test section. 



s 

Figure 9. Apparatus (Furnace Open). 

1. Open Furnace. 
2. Ped.e stai at Bottom of Furnace. 
J. Holding Bracket for Quartz Tube. 
14. Specimen in Quartz Tube. 

5. Furnace Ammeter. 
6. I1{otor Speed Regulator. 

7. Contact Circuit Pilot Light. 
8. Contact Circuit Switch. 

9. Recorder Chart. 
10. Wind-up Spring Housing. 
11. 27 volt d.c Motor. 
12. Contact Shaft Mounting Bracket. 
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III. PROCBDURB POR OPERATION 

Note: Before any operator begins to assemble or disassemble 

the Dilatometer, he should bear in mind that it was designed and. 

constructed to be a precision instrument and. care should be taken 

in its handling. 

A, PREPAEATION SPIMBN 

The specimen shold be a in. or a 5/8 in. diameter rod that 

is cut to an 8 inch length. The ends are rounded with a file to 

a radius of 7 centimeters using the teinplet provided for checking 

the curvature. The bottom of the quartz tube which holds the spec- 

imen and the bottom of the uer quartz rod have this saine curva- 

ture, A hole is drilled mld].ength in the specimen to receive the 

thermocouple tip. 

B. THERMOCOUPLE 

A Chromel - Aluinel thermocouple must be used, for the Recording 

Potentiometer was calibrated with this couple. The ceramic tube 

keeps the wires from shorting-out along the metal rod. After the 

tip of the thermocouple is inserted in the hole in the e-cecinen, 

it is used. as an aid in inserting the metal bar into the large quartz 

tub e. 

C. INSTALU.TION Q SPECIMEN 

The quartz tube must be lying flat on the table before sliding 
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in the specimen and thermocouple. If they were to be lowered into 

the tube while held. uDright the bar would break out the bottom of 

the quartz tube, The smaller quartz rod may be inserted on top of 

the specimen. The end with the tape is to be next to the dial gage. 

This end is flat while the lower end is curved to fit over the end. 

of the specimen. 

D. AAOHIN DIA1, GAGE MD HOLD2 

A recess was ground near the top of the larger quartz tube to 

receive the spring-loaded mounting screw. Nearly all of the tension 

in the springs should be taken up when tightening the screw. The 

dial pointer will swing a few turns as the plunger of the dial comes 

to rest on top of the smaller quartz rod. Care must be taken not 

to restrict its swing nor to touch the contact points. The points 

may be gently cleaned with a fine emery loth. Also clean the flag 

contacte before installing the tube and specimen in the furnace, 

L INSTALLATION j UR&CE 

The tube, with specimen inside and gage mounted on the top, 

is lowered. down through the holding bracket on top of the furnace. 

As the gage pointer with Its contacts approaches the two flag con- 

tacts on the shaft, the shaft must be turned to allow the pointer 

to slip between the two flags. The shaft is made free to turn by 

loosening the chuck-type clutch. Care is necessary because the 

pointer is easily bent as it becomes hooked in the flag contacts. 
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The furnace should be oDen, as in Piire 9, in order to be sure 

that the bottom of the tube is inserted in the recess of the stand 

in the bottom of the furnace. The furnace is closed and. the larger 

knurled knob screw in the holding bracket Is tightened agai'ist the 

tube to hold lt firm. The other screws in the holding bracket are 

for adjusting the position of the tube when aligning the center of 

the gage with the axis of the shaft which drives the chart. 

F. COLTI MQCOUP CIRCUIT 

A drycell battery is required and. its leads are attached. to 

the Recorder at the terminals marked for the battery, The therm- 

ocouple wires, which are extending out the top of the quartz tube, 

are attached to their terminals on the Recorder. The Chromel wire 

is magnetic while the Alumel wire Is non-naetic. The Chromel 

wire is attached to the positive termina]. while the Aluinel wire 

is attached to the negative terminal, 

G. COPLTI COACT CIRCUIT 

The center lead of the contact circuit has a spring clip and 

Is clamped to any part of the dial gage or its mounting bracket. 

In Figure 3. it is seen clamped to the sring-loaded motzùting screw. 

The dial contact should be between the flag contacts but not touch- 

ing either of them. The tubes should have time to heat before con- 

tact is made. The motor should be checked to make certain that it 

is engaged in the gear on the shaft. 
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H. PB.1iILRINß C&RT TO ROORD 

The pen is removed, for cleaning after a test, therefore it 

shou].cl already be out of its holder. The spring tension drum on 

the chart paper roil is released by unscrewing the knurled knob 

pin wMch keeps it from turning. The chart paper is pulled over 

the recording drum until at least 9 divisions on the chart are in 

front of the drum. The paper is then set on the pins which are 

at each end of the recording drum, The wind.-irp is turned 3 times, 

or until enough tension is placed upon the roll holding the reserve 

paper. The knurled knob pin is screwed in until it engages one of 

the two holes in the wind-up case. The pen is filled with ink and. 
carefully replaced in its holder. The hinged front glass is closed 

on the Recorder case to keep drafts from affecting the galvanometer. 

I. CHECK 

The Dilatometer is now ready to operate, but first some checks 

must be made before closing the knife switch. 

tube, 

1. The furnace is claitped cloee. 

2. The holding bracket screw is snug against the outer quartz 

3. The inner quartz rod is free to slide. (Turn it a little 

with the fingers) 

14, The dial contact is not touching either flag contact, 

5. The center lead is clamped on the gage or its bracket. 

6. The clutch on the shaft is tight. 



7. The battery and thermocouple leads are on their respective 

term1nal. The thermocouple leads are not touching each other. 

8. The wind-up is under tension, 

9. The ink flows fron the pen, 

The kniíe switch may be closed and. the switch for the contact 

circuit turned on. The iilot light indicates when the contact dr- 

cuit is alive, If the Recording Potentiometer is not controlled 

by the 1aif e switch, it 'will have to be turned on separately. A 

close observation of the first part of a test should be made. 

The pen should. travel to the right in recording the teirr era- 

ture as the furnace is heating. If it starts to record legs-than 

room teurpeLtire, the thermocouple wires are reversed. The first 

contact of the dial pointer with the flag contact should make the 

motor turn the shaft. Check the points where the motor leads and. 

those from the chassis are connected if the motor does not run, 

These are on the same panel where the battery and thermocouple 

wires connect to the otentiometer, Iheii everythins is working 

smoothly, the close attention of the operator is not so inportant. 



IV. TESTS POR TRANSPORMIkTION POINTS 

Pour specirnens of steel were used. in the transformation point 

tests. They were of different compositions, some hot roiled, others 

cold rolled. 

SPE0IMNS USED 

C 1018 Cold. Rolled. Steel 

C 1040 Hot Rolled Steel 

SAE 1085 High Carbon Steel (as rolled) 

A 11)4'2 Annealed "Moly-Krome" Steel 

It was hoped that these compositions would give sufficiently varied 

results to test the response of the equipment. Also, the alloy 

steel was tested to find out what effect the alloying element had 

on the transformation points. The specimens were prepared as des- 

cribed in the operatln,g instructions. They are seen in Figure 10. 

A described in the introduction, transformations are accompan- 

ïed by a sudden change in volume of the metal. The Recording Dila- 

tometer was designed to react quickly to these changes. The flag 

contacts were spaced as close together as was possible to reduce 

the lag in the reversal of the chart drum. The dial pointer took 

up some of the space between the contacts and some of the space was 

left to keep the reverse contact from touching the dial pointer 

when the motor turns the shaft. These tests should show whether 

the contact system was properly designed, 
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ligure 10. Test Equipment 

1. Templet for Curvature of Specimen Ends. 
2. Thermocouple With Ceramic Shield. 
3. Inner quartz Rod.. 
4, Outer Cuartz Tube. 
5, C 1018 Cold. Rolled Steel Bar. 
6. C i040 Hot Rollad Steel Bar. 
7. SA.E 1085 HIgh Carbon Steel Bar (as rolled). 
8. A 4142 Annealed "Moly-KromeM Steel Bar, 
9. Bar of Commerciallr Pure Copper. 

10. Bar of "A Nickel 
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The f1rt metal spectiiieu tcsted wasthe bar of SAi 1085 high 

Carbon Steel. The composition of this necinen was 0.85 per cent 

carbon in Iron which i nearly the eutectoid composition. At room 

temperature it is nearly all pearlite. Looking at the Iron-Garbon 

diarar, it le seen that the trqnsforTnetion should take place at 

aln'ost constant temperature, for the A1 and A3 lines come together 

at the autectold. composition. The iquilihrium Diagram is for pure 

iron and pure carbon while the specimen is of commercial quality. 

Therefore, the traneform.tion temertur' cannot be expected to be 

the saine as indicated on the Diagram. lthough the specimen was 

allowed to soak it was not tested at exactly equilibrium conditions. 

The current was adjusted to 12 aireres and the furnace allowed 

to heat to 1260 t. The Recording Dilatometer was at this time 

drawing a diagram of the expansion of the metal bar. At 1260 P, 

the current was reduced to 9 amperes to allow the metal bar to 

soak at a constant temperature. The temperature throughout the 

bar should have reached an equilibrium after a half hour. There- 

foret after 3O mirmtec had. passed the current was increased to 11 

amperes and the specimen started to expand again. At 1330 Y, the 

dial pointer suddently started t rvere its direction and indi- 

cate a contraction. The contacts kept the chart drum following 

the action of the oointer. 

Figure 11 is a reproduction of the chart which wa drawn. On 

this chart exianeiou is Indicated as a downward direction and to the 

right while contraction is in an upward direction to the left. On 
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heat1n, the point where the tranformat1on begins is noted as the 

Aj point and where the tranforination wac conrpleted is noted as the 

Ac3 point. The SAE 1.085 steel bar started to indicate an expansion 

again after the temperature reached 1370 P. The furnace wa turned 

off at 1540 F and shortly the specimen began to contract as it cooled. 

At 1360 F the current to the furnace was turned on to bring the 

temperature of the furnace and specimen to an equilibriin before the 

austenite transforms to ferrite and perlite. After a neriod of soak- 

ing the furnace was again turned off. On cooling, the transformation 

is designated by Ar3 where it starts and Ar1 where it is completed. 

The specimen expanded while going through the transformation and. then 

continued its contraction to room temperature. 

The exransion due to transformation while cooling from above the 

Ar line was even more rapid than the transformation upon heating. This 

straight line portion of the chart took place at a lower temperature 

when cooling than it did when heating. The ainha-gamma transformation 

exhibits hysteresis uon cooling and heating. This hysteresis is affect- 

ed. by such variables as the rate of cooling and heating, and the purity 

of the specimen. The temperature difference between the A03and A 

oint is decreased by a decreased rate of heating and cooling, and an 

increased purity of specimen. The displacement between the heating ex- 

pansion line and the cooling contraction line of the anecimen may be a 

result of the small space between the flag contacts added to the gal- 

vanometer system of recording the teEroerature. 
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TABLE i. TRANSFQRMATION POINT TEST SCHEDULE 

For S&E 1085 High Carbon Steel (as rolled.) 

Start: Furnace on 12 amperes 

To soak 9 airperes 

Heating again 11 amperes 

A 'I C1 

A C3 

Expanding again 

Furnace off 

Por eciutlibrium 

Current again off 

A 

A r1 

End of' Test: 

u 

12 atiieres 

o amperes 

8 amperes 

O amperes 

n 

n 

9:15 A.M. 

10:05 A.X. 

10:35 A.14. 

10:45 A.M. 

10:50 A.M. 

10:53 LX. 

11:10 A.M. 

11:20 AJ4. 

11:45 A.M. 

11:55 A.M. 

11:57 A.M. 

90F 

1260F 

1260F 

13307 

1360F 

1375F 

1542F 

1360F 

1340F 

1315F 

1235F 



Table i Is a schedule of the test of the SAE 1085 steel. The 

other specimens were tested. with similar schedules of furnace cur- 

rent and. time In a temperature range. 

ligure 15 was included to show that the smooth lines On the chart 

were not obtained the first time the aparatus was used. The first 

charts were quite irregular. The contact flags were cleaned and. other 

adjustments were made but the Recorder was still not consistent in 

drawing a perfect chart. The dial gage would stop turning for a while 

and then would. suìdenly catch up with the contraction of the specimen 

causing the square steps In the chart. This would take place only 

upon contractiDn. On heating the dial has the positive pressure of 

the specimen and. quartz rod against the plunger. When the specimen 

contracts the dial plunger .follows the quartz rod because a spring 

Inside the dial is pulling it back. The dial pointer has a hair 

spring to keep it in contact with the gear on the plunger. The add- 

ed weight of the silver contact which was soldered on the pointer 

made it unbalanced and too heavy for the hair spring to move. 

This unbalance was corrected by adding solder to the other end 

of the pointer and adding a heavier sïring, The play was adjusted 

out of the gears in the dial, The dial now reacts instantly to any 

movement of the dial plunger. Figure lL Is a good example of the 

fast Recorder reaction to the dimensional changes of the soecimen 

when it goes through the transformations. At the A0 and Ar1 pointe, 

the chart is almost Identical in curvature and dimension. This would 

Indicate that the same amount of pearlite transformed from austenite 

as transformed to austenite when the temrerature passed through the 



Ar and. A0 points restectively. 

After the test charts are studied it is rioted that the variation 

in oomposition of the specimens dici ive different revüts. The smal- 

1er the per cent of carbon the farther apart were the A0 and the A0 
i J 

points. Also1 the Ar and Ar points were farther apart. The fol- 

lowing table shows this effect of the er cent of carbon on the spread 

between the transformation points 

Specimen A01 
deg F 

A01 
deg'F 

Temperature 
Difference 

Ar 
degP 

Ar 
deg1F 

Temperature 
Difference 

SAE 1085 1J25 1J70 F 1JJO 1285 25 F 

C 1040 1J02 3390 88 F 1320 1215 105 F 

C 1018 1340 1500 160 F 3J420 1220 200 F 

Each chart record had a straight portion at the A01 and Ar1 

transformation points. The smaller the per cent carbon, the shorter 

is the straight line portion. This straight line is a record of 

where the pearlite transforms to austenite or the reverse transforma- 

tion. This transformation takes rdace at constant tericeraturo, 

These straight lines are then representative of the relative amounts 

of pearlite in the specimen. The 1085 steel had the longest straight 

line and its composition is nearly all pearlite, 

The 14142 steel may be compared to the 1040 steel as they contain 

almost the same percentage carbon. The difference in their charts 

would be caused by the alloying elements in the 4142 steel, The 

transformation points of the i.142 steel dici not take place at the 

same temperature as they dICI in the 1040 steel. The presence of the 



alloying elements tended to retard the transformation, or at least 

it took place at a higher temperature. 

Specimen A A A A 
C1 ej 

r3 r1 

deg F deg F d.eg F deg F 

C 1040 1302 1390 1320 1215 

A 4142 1365 1450 1310 1252 

One effect of alloying elements is to make the austenite more 

sluggish and this is evidenced by the above corrparison of tempera- 

tures. This sluggishness also caused the A point for the A 41'+2 

steel to be at a lower temperature than vas recorded for the C 1040 

st eel. 

These charts show that the Recording Dilatometer reacts veil 

and draws a chart which is easily read. 
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V. TEES M SUREMJNT 011' DP0BMATI0N ON CHART 

The chart drum has 12 small pine on each end. which fit into 

the perforatione in the chart paper. As the dr-ein tuims to cor- 

respond. to the movement of tho dial pointer, it u11s the chart 

paper along. Thes: perforations are clearly seen iii Pigure 9. 

One revolution of the chart drum is represented by 12 spaces 

between the perforations. These aio represent one rTo1ution 

of the dial pointer. The ilial indicates elongatioii of the sped- 

men in millimeters. One revolution equa1s one millimeter. There- 

fore, one millimeter exoansion of the specimen is equal to 12 

spaces between perforations on the chart paper. Figure 16 shows 

a section of chart paper with one millimeter marked off. The 

chart paper has division lines already imprinted on lt which by 

accurate measurement are found to be O.JLIO millimeters (expansion) 

apart. These measurements on the chart paper are used in deter- 

mining thermal expansion coefficients. 
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VI. TKRMLL OOETIOIENT OP EXPANSION TEST 

A previously mentioned, one purpose in designing this appar- 

atus to be automatic recording 'ias to reduce the error in the mea- 

surement of the thermal expansion of materials. Since there are no 

levers to adjust, no coefficient of the apvaratus to calculate, and. 

no moving gage pointer to read, thermal expansione may be readily 

measured on the chart. 

A variable reactance was added to the furnace circuit in order 

t,0 reduce the current at the start o± the test. Thermal coefficient 

0± expansion values, as reported in the Metals andbook (i, p.].6J), 

are for a range of temteratures from 100 to 300 P. At 8 aeres, 

as used during the transformation tests, the furnace heats too rap- 

idly and a temperature of 300 P inside the furnace is reached. within 

a few minutes. The rate of heating was reduced to aproximately 2 P 

per minute by the addition of the variable reactance, item number 1 

in Pigure 2. 

Îrom the iureau of Mines in Albany, Oregon were obtained an 8 

inch long dia, bar of Nickel and a similar bar of commercially 

pure Copper. Their ends were rounded to the curvature of the quartz 

rod and tube, and a hole drilled at midlength to hold the thermocouple. 

The current to the furn.ce was a3justed a low as 'rotsible with 

the variable reactance. The meter on the chassis registered am- 

peres. The room temperature was 70 7 when the furnace was turned on 



and a period of 35 minutes elapsed before the potentiometer indi- 

cated 114.5 F. The specimen of A" iickel was slowly expanding all 

the time, The steps with which the chart advanced were so small 

that they are hardly noticeable on the curve, Figure 17. The slow 

rate of heating was continued until an hour and 15 minutes later, 

the temperature was up to 320 P. 

Since this temperature was above the range of the handbook 

value of thermal expansion, the current to the furnace was increased 

to 6 amperes to see if this increased heating rate would affect the 

coefficient of thermal expansion. o visible change can be seen on 

the curve as a result of this sudden increase in rate of tempera- 

ture rise, The expansion apparatus reacted just as fast. The cur- 

rent to the furnace was increased at higher temperatures until at 

the end of the test the ammeter read 1)4. amperes. As the Nickel ex- 

panded more rapidly, the pointer on the dial moved faster and the 

expansion steps on the graph were more noticeable at the higher 

temveratures. There was a slight change of curvature around 260 F 

but the curve straightened out and was reasonably amooth for such 

a slow heating. The instantaneous thermal coefficient of expansion 

does change as is indicated by the first figure on page 1046 in 

the Metals Handbook. 

On the expansion chart for the Nickel rod, Figure 17, is 

calculated the thermal coefficient of expansion. The original 

length of the rod was 20+ millimeters. The expansion in the range 

of 100 to 300 F was measured on the chart as 0.303 millimeters, 
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Specimen Length a 204 mm 

Temperature Ronges 100 to300°F. 

Change in Length 0.30$ mm 

Thermal Coefficient of Expansion 

0.303mm 
204mm = 

\300-too°F. 

THERMAL EXPAN$ION 

CURVE 
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PkBLE 2 

ThERM&L EXPANSION TEST OP "A" NICKEL 

Time Deflection Temperature 
mm op 

9:jO AM 0.1+95 70 

0.520 90 

10:05 0.602 11+5 

11:00 0.767 250 

11:10 0.790 267 

11:20 0.870 20 

11:25 0.928 360 

11:O 1.010 ¿+20 

11:5 1.190 537 

11:1+5 1.830 880 

11:52 2.1+15 1170 
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This results in a calculated coefficient of thermal expansion of 

O.O72 x 1O per deg F. The Metals Handbook (i, D.1047) gives a 

value of 0.133 x 1O per dog C for the thermal coefficient of ex- 

pansion for "A" Nickel. Converted to Fahrenheit, this is 0.07LO 

x 10 per deg F for a range from 77 to 212 F. The expansion curve 

increased in curvature and nover did approximate a straight line. 

C OPPER 

The procedure for the test of Copper was essentially the same 

as the procedure just described for Nickel. On Figaro 18, the 

poi'tion of the curve was caused when the ink found a weak 

spot in the surface finish of the paper. This is one disadvantage 

when the expansion is so slow. The slope of the curve increased 

as the temperature increased. This is similar to the expansion 

curve for Tough Pitch Copper as shown on page 905 in the Metals 

Handbook. The book value o± thermal expansion for this Copper 

(1, p.905) is 0.177 x l0 per dog C for a range froc 20 to 300 0. 

Converted to Fahrenheit, this is 0.0980 x l0 per dog P from 68 

to 572 F. 

On the chart, the coefficient of thermal expansion for the 

bar of Copper tested is calculated as 0.0980 x iO per dog F for 

nearly the same tenerature range as the handbook value (80 to 

572F). 
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TABLE 3 

THRMP.L iXPANSI0 T)ST 0F C0PPR 

Amperes Time Deflection Temperature 

4 1:25 PK 0.400 75 

4 1:30 0.410 80 

4 1:35 0.442 90 

3 1:40 0.470 101 

3 1:50 0.538 140 

3 2:00 0.592 170 

3 2:12 0.635 192 

3 2:20 0,675 21]. 

3 2:30 0,710 230 

3 2:L5 0.765 260 

6 3:00 0.817 290 

6 3:05 0.850 305 

7 3:10 0.928 340 

7 3:15 1.000 372 

7 3:20 1.130 435 

8 3:30 1.310 525 

10 3:40 1.631 678 

10 3:50 1.992 838 
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TABL; L 

PRMAL cOE7flCIENT OF IX1'MSION VALUS 

tetal iir4bo. V1ue Test V1ue 

'A iick1 O.O7L x 1O tr deg F O.07L12 1O per deg T 

Copper 0.098 x 1O per deg F 0.0980 x 10 per deg F 

These calu.es compare favorably in view of the fact that the 

actual coirpcitton of these pure metals i unl"nown. 
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VII. CALIBRATION OP THE RECORDLR CHART 

A calibration of the temperature 1ires on the chart paper i$ 
made necessary when it was noticed that the recorder did not indi- 

cate the correct room temperature. The clamp which held the pen 

holder was loosened and the pen adjusted to record room temperature 

when the thermocouple was at room temperature. A Leeds & orthrup 

Potentiometer Indicator was used as a standard to which the Recorder 

was compared, 

Fjrst the In&icator was calibrated using a Chroxnel - Alumel 

thermocotiple of the same wire as the Recarder thermocouple. A 

thermos bottle filled with ice water was used es the cold. junction. 

The freezing tenmerature of pure Leads ure pure Ahimintim, 

and the temperature of boiling water were used as standards for cali- 

bration. Prom Figure 19 it is seen that these gave a stra.ight line 

relationship of temperature vs millivolts. The freezing temperature 

of Lead. is reported. as 621 F ± Lj which brinas it on the line between 

the other points. 

The Indicating Potentiometer therinocottple was placed in the 

furnace along with the Recording Potentiometer thermocouple. As 

the furnace was heating, a record was made of the millivolts on 

the dia]. of the Indicator and also of the position of the pen on 

the chart paper. Table 6 shows the variation between the two temp- 

eratures. An error cue, Figure 20, wao drawn for the chart :paPer. 
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ABL 5 

PHRM OUPLE CALIBRLPI ON 

SIS!AiE R)EZ ING POINT TLRÀT 
uil]J.volts degree F 

Lead 13.142 621 

AntImony 26.20 1166 

Aluminum 27.00 1218 

oilin Water k.1O 212 



... . . . . . 

. 
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TABL1 6 

TIIPERATURE cALmRA.TroN OP CHA.RT 

Recorder Chart Potentiometer Prom Calibration Difference 

Temì,erature Indicator Ciirve 

degree F millivolt degree P degree F 

30 0.8 75 + 5 

160 2.9 162 - 2 

2+2 5.0 250 - 8 

300 6.2 305 - 5 

400 8.6 '+10 - 10 

513 11,3 525 - 12 

582 12,8 590 - 8 

625 1.3.8 6j - 10 

780 17.2 785 - 5 

905 20.1 910 - 5 

1008 22.2 1000 + 8 

1i20 25,0 1125 - 5 

1155 26.0 ii65 - 10 

1205 27.0 1218 - 13 

1285 29.0 1300 - 15 

1335 30.0 131i.5 - 10 

1370 31.0 1185 - 15 

145.5 33,0 1470 - 1.5 

1532 35.0 1550 - 18 
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The Recorder galvanometer ic. always feeling out the tempera- 

ture and is therefore a little behind the instantaneous temperature 

read on the Potentiometer Indicator, Also, the millivolts on the 

Indicator ¡aa; be read. in hundredths of a millivolt which may be eoi- 

verted from a table to within one degree P, The width of the ink 

U.ne on the chart paper covers almost 5 F, After changing the pen 

position, the recorder indicatscl nearly the correct roam tempera- 

ture. 

Por thermal expansion, in the range of from 100 to 300 P, the 

errors nearly cancel each other. The tern'ceraturee can be read 

directly from the chart. At the higher teirmeratures, such as the 

transformation temperature of steel, the chart temperatures are 

from 10 to 15 higher than the actual instantaneous temperatures. 
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VIII TEPEBATTJRE DIFFRRENCE WITHIN FURNACE 

A check was made to determine the extent of the temperature 

variation along the length of the specimen within the furnace. 

The thermocouple was first p1aced at the bottom of the specimen 

and the temperature read on the chart papere Figure 2].. The 

thermocouple was then raised in steps of one-half inch, holding 

lt at each step for one minute while the tenrperature was recorded. 

The furnace was thoroughly preheated and the current input adjusted 

until the over-all teiimerature had reached an equilibrium. 

There was a teiroerature variation of !4]. F between the bottom 

and center of the specimen as shown in table 7. Along a four 

inch portion of the center of the metal bar, the temperature was 

essentially constant. The uprer portion of the specimen was 

cooler due to the radiation from the top of the furnace. A 

similar test was made of the temperatures in the furnace when 

the furnace was heated quickly and not allowed to preheat. The 

results of this check showed a temperature differEnce of over 

100 F between the bottom and. center of the metal specimen, 

Table 8. The results of these checks on temperature within the 

furnace show that there is a good reason for reaching an equil- 

ibrium before continuing to heat through the transformation 

t enrperature s. 

For more accurate experimental results with this furnace, a 

inch specimen should be used with a 2 inch piece of fuzed quartz 



placed above and below it. This would place the specimen in the 

central even temperature zone. Also, the furnace construction 

is such that it would be difficult to reduce the temperature 

difference without reconstructing it. A few more coils should 

be concentrated near the bottom and. tox of the furnace than are 

at the center, 
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TÄBIJ 7 

TENP2ATURE DIP1HEE IN YTJBNACE 

Distance Along Specimen Temperat'ure Variation in d.eg P from 
inches degree P Center of Specimen 

Q (Bottom) 975 - ¿1.]. 

980 - :36 

1 990 - 26 

998 - 18 

2 1OO4 -12 

2- 1010 - 6 

3 1011 - 5 

1013 - 3 

L (Center) ioi6 O 

1016 o 

5 1016 0 

1016 0 

6 1013 - 3 

6 1005 - 11 

7 998 - 18 

7 982 - 34 

8 (Top) 965 - 51 



TABLE a 

T 1'ATURE DIFPEREICE flY AC (cuick test) 

Distance Along Specimen Temperature Variation in deg F from 
inches degree Y Center of Specimen 

O (Bottom) 1005 - 102 

1O1 - 86 

i 10145 - 62 

1058 - 

2 io6 - 

2 1090 - 17 

3 1096 - 11 

3 1105 - 2 

L (Center) 1107 0 

1107 0 

5 1107 0 

1107 0 

6 110]. - 6 

6- 1090 - 17 

7 1057 - 50 

7 1012 - 95 

8 (Top) 995 - 112 
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Ix. CONCLUS IONS 

As a reu1t cf the tests made with the Record.ixg Dila- 

tometer, the conclusion may b drawn that it accomplished what 

it wa designed and coutructed to th. The transforuation points 

of the steel peeinns ar cleurly shown ön thø charts drawn by 

the recorder. The rection of the apparatus to the change in 

deforn'ation of a spcjwen in th furnace wa quick and. accurate. 

The coefficient of therxr1 expansion of the Copper and. t'A" Nickel 

tested compare within the 3rd significant figure with the values 

reported in the Metals Bndbooh. The accuracy of the Dilatometer 

was inproved by the change which were nade. The basic elenents 

of a Dilatoneter are still part of the apparatus and the recording 

equipment was the iain new part added. The rethod of iounting the 

dia]. gage was charged to eliininte sore errors and the change must 

have accomplished this. The cost of the conversion wrs much less 

than the cost of a new Recording Dilatometer. 

After tests were run, it was realized that a few more changes 

could have been niad or should be made in the future. The two 

pieces of fused Quart? expansion appartus wer' wade for tin inch 

specimen. A found in the deterriination ef the terperature varia- 

tion ii, the furnace, it would have been better had. the specimen 

been only inches in length. There would have been a rore even 

temperature over its length. The furnace should be rebuilt to 

reduce the temperature vriatton inside the furnace whether an 8 

inch or a L inch specimen is used. Another change which could be 



69 

made is to have another material for the flag contacts. The brass 

contact flags were soon coated with a corrosive filin which made it 

necessary to clean them between tests. If they were gold. plated or 

had old leaf soldered on their faces the contact surface would 

remain bright and require less pressure to complete the circuit. 

Silver would have been another good contact material. 

One of the improvements which was indirectly brought about 

by the conversion of the Rockwell Dilatometer was that the specimens 

did not oxidize as much during a test. The quartz tube0 o1a; 

closed at. the bottom, did. not permit the free circulation of air 

arowid the specimen and the air was further restricted wben the 

smaller quartz rod. was in place. The heat had the effect of ox- 

hausting the air out of the tube and reducing the oxidation. 

Although the reduction of the oxidation did not correct a serious 

source of error it did. make it easier to reproduce test results when 

using the same specimen. 

Some metals oxidize rapic1lr when heated and require an 

inert atmosphere at elevated temperatures. Before testing these 

specimens, a heavy inert gas, which would displace the air, could. 

be introduced into the quartz tube. This gas would remain in the 

lower section of tube. 

The determination of transformation points at rates of 

temperature change such as 10 P per hour, 100 P 'per hour or even 

800 P per hour would. have to be made if all the information was 

to be gathered about a steel specimen. The heating rate of the 



70 

furnace In this aparatu could be varied over a considerable raige 

but the cooling rate of the furnace wa limited to the amowit of 

heat that would radiate from Its surface over a 'period of time. 

when the furnace was opened to increase the cooling rate of the 

specimen the dial gage mounting bracket bece hot and. the gage 

itself could not be handled. Althoiigh in a test of the transform- 

ation points this would not introduce as much error as it would 

in the test for coefficient of thermal expansion, it is not recoin-. 

mended treatment for the gage. Therefore, for a quench of the 

specimen a method would have to be devised to cool the specimen 

without opening the furnace. 

There is a Quenching Dilatometer on the market today. To 

have added this feature to the Recording Dilatoineter would have 

necessitated a complete redesign. Further improvements uight be 

made but as a whole the Recording Dilatometer gives reliable results 

when used. within its limitations. 
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