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OBJECT AND oCOrE OF THiS INVESTIGATIONM.

With the inoreased price of steel and its
inoreased use throughout every dbranch of industry
the importance of selvaging parts, waich have been
machined oversise, has begun to be realised. There
has been no accurate estimate of the value of marts
which, due t0 careless mmochine work, are nearly a
total loss each year, dut it is needless to say that

it is a large one.

In view, therefore, of the increasing
importance of sal vaging these parts the objeot of
the present investigation is an experimental o‘éndy
of the spplication of heat treatment to the oblem
in order to furnisch men in charge of such work exaot
information as to the limitations and results attain-
able.

ith a view t0 making the results of this
investigation available to those who have not had
speoiel technical training, the authors have mesented
the results by a series of ocwrves whioch should be elear
t0 the average reader, however, in order to mmke &
eoxplete report, all experimental data has heen in-
ocluded s0 that readers may familiarise themselves with




the methods employed in investigating the various
questions which have been considered.




II
THEORY

We find that in quenching s piece of steel,
during the process o0f heat treating, if the plece
is not handled moperly it is liadble to warp éue to
the unequal ocontractions and expansion in the steel.
This characteristio is psrtieularly emphessised in
forgings or tools of unequal thickness. If it were
possible to 0001l each particle aof the piece in the
time and oxder desired the resunlting dilatation
conld be regulated with regard to direotion.

%We know as a result of recent research work
that when a8 plece of steel is heated through its
oritical range the formation of Austenite takes place
with a decrease in volume, and that & somewhat
gorresponiing and opposite inocrease in volume takes
place when 1t is 0ooled through the same oritisal

range.

Sauveur states - "that the metal which in
cooling above the wpper critical point was contracting,
as is the rule with all cooling bodies, on passing
through the upper critical point undergoes suddenly a
marked dilatation smounting to over one thousandth of
its length, immediastely followed again by s normal




eontraction. GSuoch 4ilatation implies that the
change of Gamma into Beta iron tekes place with an
augementation of volume oxr in other words that Gaxms
iron is denser, has & higher Specific Gravity, than
Beta iron". The A4ilatation oocurring at the upper
eritical point, on cooling, for steals containing
respeotively 0.05 to 1.5 percent carbon are shown
graphically by Sauveur in plate IB. On heating at
the upper oritical point a spontaneous contraetion
oocurs of the same magnitude as the dilatation on
eooling. Benedick's determined with great ocare the
dilatation of pure iron between 700° and 950°
centigrade gnd some of his results are shown on
Plate IA. The partioular point to be noted is the
oocourence Oof a marked dilatation at C, the upper
oritical point. '

There has been considerable discussion as to
whether Or not a dilatation oocurs at the seocond
transformation point. It is true that there is no
such marked change, as ocours at the upper ocritical
point and it is @uestionadble whether there is esny
ehange. At the first transformstion point a third
dilatation takes place on c00oling. The maximum
dilatation which ocan ooocur is in the ocane of a
outectoid steal whan coo0ling through its singls
oritioal point. all chenges of course vary with the ‘



oarbon content of the ateel.

The preceding theory is shown graphically on
plate II. In heating from & ¢t0 b there is an
expansion (marked ¢). On passing through the critiocal
range there is a oontraction (marked -). On heating
stil]l further a positive action tekes place again.

On ocooling through the same curve the ranges will

ohange in sign.

A theory which has been advanced, but not
published is that if the steel is heated too fast the
positive forces will predominate and the finished
plece will be larxger than the exriginsl and that if
the steel ic heated t00 slow the negative foroes will
predominate and the finished piese will de smaller than
the original.



III
APPARATUS AND MATIRIAL

All laboratory work was done in the Miohigen
Agrioultural College heat treatmemt laboratory amd
forge shop. Thies is a modern shop equipped with
several small furnages snd one large one. These
furnaces are gas fired, using Lansing city gas
having a quality of about 680 B.T.U. Air is furnish-
ed by a oot's Fomitive Pressure Blower, with a
constant pressure exhaust valve to keep the pressure
on the frnaces constant regardless of the number of
furnaces in operation.

In this investigation a surface combustion
style C. furnace was used exolusively. This type of
furnace has an automatic valve for mintaining a
constant mixture of gas and air. The flame emnters
the combustion chamher at the level of the hearth bdut
in¢lined downward so that it would normally pass
beneath it. The space between the hearth and the walls
of the furmeoce is filled with loose pieces of carbon-
undum 20 a8 t0 break up the flame snd produce complete
combustion. There is an adjustment on the mixing valve
for varying the porportion of gas to air. Dpring this
investigation a slightly rich aixture was used at all

tines to prevent oxidation of the samples.




A Leeds and Northrup potentiometer attached
to an iron-constantin thermocouple was used to measure

the temperature.

A quenahing bath of water at a temperature of
sixty degrees fahrenheit was used for cooling the
saxples. This temperature was measured by a meroury
thermometer and was kept constent by removing warm
water and adding o0ld water.

The spparatus used in measuring the ssmples
oonsisted of miocrometers, telescope gages, thiokness
gages and scales which were borrowed from the eollege
machine shop and are desoribed in detail elsewhere.

A pin gage, used in measuring the pitch diameter, was
oonetructed by the suthors.

The material tested consisted of automobile
fransnission gears, and were of Reo B-15 forged stoock
whoge anslysis is identical with S8.A.2. 1020. These
gears had been completely mchined but not carbdburised.
The countershaft drive gear was selected as bdeing
typical of all such pieces, and because of its large
diameter the change in sisze would be greater.



IV
MEASURSHENTS OF SAMYLES.

In order to ascertain the amount of shrinkage
resulting from any heat treatment it is evident that
am sgourate overall measursment of the gear mmat be
made before and after the treatment. In additiom, to
be of value, the measuremnts muet be mmde with the
same instruments and at the same spot on the gear,
since the variation in the surface might cause readings
t0o be obtained which, if not teken at the same points,
would be greatly in error. In order t0 insure the
readinge being takem at the same point e drawing of
the gear was made and the dimmnsions on whiech measure-
nents were t0 be taken, were indiceted end numbered.
In addition to this the points on the rim were
marked with a priock punch %o locate the teeth on whieh
She dismeters were measured. In order to eliminate
errors due % taking the same measurement with several
different miorometers, the same miocrometers were

used for all ocorresponding measurements.

Numbers one to three inolusive were messurements
of the diamster on the pitch eircle. This showed the
change in the outside dismeter and was taken as a base
rather than the top or dbottom of the teeth, because of
its greater importanse in determining the running



qualities of the gears. KNumbers four esnd five were the
distances from the plane of the end of the hudb to the
Plane of the rim of the gear. This gave a check npoﬁ
warping caused by the forces set up in shrinking.
Humbers s#ix to nine inclusive were msasurements of

the inside diameter of the hub, the most important

of #ll the measurements teken, since the object of

the whole progess wea to reduoe thie diameter. This
wae meascured in two directions at right sangles and at
eagh end 0of the hub. It was negessary to measure

at each end of the hub as the hole was counterbored near
the center leaving a short surface near each emd for a
bearing on the shaft. It was necessary to measure

at right engles in order to tell whether the hole

grew out of round. HNumbers ten, eleven and twelve
were measurements on the thickness of the rim through
specified points. These showed actual shrinkage of
the metal.



KFEASURING INSTRUMENTS.

In order to messure the pitch diameter it
was necessary to construct a pair of gage pins which
would fit between the teeth and bear upon the tooth
at each side at the ocircumference 0f the pitch oirole.
These pins were made from 4rill rod, hardened and
ground to proper sisze. By use of these pins togother
with a pair of six to seven inoh outeide micrometers, a
very accurate mesasurement could be taken checking to
within five ten-thousandths of an inch. An scourate
measurement of the pitoh dismeter could not be obtained
'ainoo there was an 044 number of teeth in the gear, a
oondition which brought a tooth opposite each space.
Sinee a comparetive measurement wes all that was re-

quired this 4id not cause a sensible error in the results.

The distance from the plane 0f the end of the
hub to the plane of the rim was msasured by means of a
set of thickness gages and a sgale. A heavy scale was
used and the gages inserted between the scale and the
hud end. Headings were taken at the ends of two
diameters at right angles and the readings for each
diameter averaged. These readings would show ank
tendency to warp or dish.

The measurement 0f the hole, which was the most



important and elso the most 4ifficult to acourately
obtain, was secured by means of a telescope gage and
outside micrometers. Due t0 the roughness 0f the in-
side surfage it was rather hard to get a elose chsck
on this reading, consequently it was nesessary to

take several readings and record the averags.

The msasurements 0f numbers ten, e¢leven and
twelve were obtained directly with a pair of one inch
miorometer caslipers. These readings were taken at the

base of corresponding teeth on all gears.



A 4
DBYCRIPTION OF PESTS.

It was necessery in order to make the
results useful, that similar conditions should exist
in all tests, therefore the first step was to
determine the msthod of heating the samples. This
was done by heating several samples t0o the same
temperature but at different rates. One extreme was
t0 place the gear in & co0ld furnace ané bring both
up to temperature together. another extrems was to
bring the furnace up to temperature and then place
the gear in it. The last extreme was productive of
the best results and was adopted for all teasts.

In preparing the samples (transmission gears)
for test the hole in the center was filled with
moist fire oclay and packed hard. <ihe clay was rounded
well over the edge of the hole t0 prevent any oxidation

near this important point of measurement.

In placing the sample in the furnace great
care was used to locate each one in the same spot,
which was adjacent to and partly oovering the thermo-
couple. This assured that the conditions, during
heating, would be the same for all tests.

The quenching water was kept at esixty degrees
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by means 0f frequent changes.

all gears were left in the furnace for a
period of thirty minutes.

‘‘he furmace temperatures were very alosely

regulated.

all measurements were made and checked by the

In order to distinguish between the pieces,
after heating, they were numbered with steel daies.




VI
CONCLUS IONS.

A careful study of the dsta of these tests
has led the writers to the following conclusions:

l. It is shown by curves 6, 7, 8 and 9 that it
is possible to obtain & shrink, on parts
such as gears, of about ten thousandths of

an inoh dy successive heat treatments.

2. It is shown by ocurve number 3a that it is
possible to obtain s large emough shrink,
on parts such as geare, in one heat treat-
ment to salvage a large portion of such
parts whioch have been machined oversise,
beocause the aversge oversise error is not

over two thousaniths of an inch.

3. That, as has been proven in previous researth,
a po¥tion of the shrink is due to a change in
volume of the irem in going frc. one state to

another.

4. That, because of the observed temdanoy of the
wed and rim to 600l first, a oconsiderable
portion of the shrink is dune to the shape of
the sample.
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.0014

011
<0048
0018
+00386
«004
«0015
«008

«0018

.0083

.0113

0036

«0033

0146
«006

0016

«0045.

.0018

«0022

0039

0078

«0008

011

«002

«0034

«004

«0058

«0046

.0108

«003

VIiI
DATA - Differmnces.

Gear 1.
4 B
«00089.001
.0C289.003
.008 .008
.008 .006
.001 .002
<0045 .0048
Gear #2.
-Q088
Gear #3.

.0018

1360°

6
«002
-0013
0017
«0008
«0000
«000

7
.0015
.0015
.0018
.0008
.001
.001
.0001 4001
1375°.
.0008 001
1486°.
.0031 .0016
1600°.
.0002 0049
1500°.
.0005 .0008
1600°
.0055 .005
1300°.
0004 .0000

«002

.001

0046 .006
Gear #4.

0018 .0025
Gear 5.

.0028 .0008
Gear #6.

.001 .0008

8
«004
<0009
0026
.0000
.00056
<004
<003

«002

«0019

«0026

«0000

.0016

.0014

9 10
«0038 .002g2

11
«0006

12
«0018

+00116.0008
.00175.0043
.004 .0018
.0005 .002
.001 .0012
0048 .0002

.0018 .0002

.0014 .0006
0016 .00082
+0018 .001
«0018 .0009

.0013 .0004

0014
«0024
.0004
0006
«0036
«000

<001

.000

«0002

«0007

«0008

«0008
«00563
-0033
.001
«001
«0002
001
000
000
+0000

.0016

.0006
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Gear #l. as iteo. to 1350°.

1 2 3 4 b 6
6.1211 6.1203 6.1185 «0086 «011 1.578

Heat t0 1350°. Q. in water at 60°.
6.1225 6.1236 6.1198 009 014 1.370
Temp. 0f gear brought up gradually with the furnaoce.

iteheated to 130 °.
61116 6.1090 6.1078 .00811 .013 1.3687
Oven up to temp. them gear placed in for 35 minutes

and quenched in water.

Heheated to 1350°.
6107 6.103 6.1025 .011 .016 1.3668

Heheated to 1350°
6.1086 6.0988 6.0973 017 024 1.366

Kxeheated to 1350°
6.102 6.097 6,098 .022 .030 1.366

Reheated to 1380°
6.098 6.0928 6,098 «023 088 1.366
6.0968 6.0907 6.0888 0876 +0368 1.3689



Gear #l. 4B rnec. t0 1350° (Continued)

4 8 9 10 11 12
l.371 1l.371 1.371 .882 «884 «881

Heat to 1350°. (. in water at 60°
1.36956 1.367 1.3678 «6642 «8846 «8826
femp. of gear brought up graduslly with the furnaoe.

Keheated to 1350°.
1.368 1.3661 1.36676 «8845 «886 883
Oven up to temp. then gear placed in for 35 minutes

and quenched in water.

Heheated to 1350°

18685 1.3635 1.365 «8802 «8836 8777
itoheated to 1350°
1.366 1.3636 1.8561 «882 «884 881

neheated to 1380°
1865 1.863 1.8608 +880 +8835 880

iteheated to 13K0°
1.364 1.389 1.3696 «8788 «880 «879
1.363 . 1.356 1.356 .8786 -880 ~ +8788



Qear #F2. As Regeived.
Heat to 1376°
Luanch in }{ao o

1 2 3 4 6 6 7 8 9 10
6.118 6.1182 6.1184 0.0 0.0 1.372 1.372 1.3716 1.371 .682
6.113 6.116 6.1156 0,008 0.0025 1.3725 1.373 1.5698 1.3698 ,8018

Temperature of water = 60°.

(Continued)
11 12
«88285 .882
«88156 .881

emperature of water = 60°.
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Gear #3. 48 received.
1l 2 3 4 ) 6 7 . 8 9 10 11 12
6.1141 6.1168 6.12085 .011 .0105 6.3717 1.3724¢ 1.371¢ 1.3714¢ .8788 .879 .879

Furnsce heated to 1376° before gear was put in, then raised
above 1425° for 36 minutes and quenched in water at 60°
from 1426°.

6.1128 6.1126 6.1168 .010 .012 1.86€66 1.3709 1.3696 1.370 .8782 .880 .879

Heated to 1500° and quenched.
6.10¢ 6.1054 6.1110 .0145 .018 1.3684 1.366 1.367 1.366b .678 .880 .879



Gear 4.

1 &
6.1186 6:.1162
6.1176 6.1156

7 8
1,373 1.3718
1.37828 1.3706

L8 neceived to 1300° gnd Luenched.

3 4
6.1141 «00706
61096 «009

(Cont inued)

9 10
1.3718 .879
1.3706 «878

b
«006b6
«008

.8788
879

6
1.3782b
1.372

12
.8768
.8788



Gear 5. B xeselved to 1500°

1 8 3 4 b
6,1371  6.131 6.1315 L,004 +004
6.1169 6.120 6.121 0066 .0046

(Continued)

7 8 9 10 11
1.372 1.372 1.372 «8804 .8793
1.367 1.3704 1.3704 .8798 .B8786

1.3716
1.366

12
-8796
.878



Qear 6. 4S8 hecelved to 1800°

1 g2 3 4 b 6
6.1186 6.119 6,120 0245 005 1.3715
6.116 6.117 6.117 .00356 0045 1.37

(Continued)

Measure Numbers 8 and 9 near edge.
7 8 9 10 11 12
1.3716 1.3718 1.8718 .8804 .880 .8799
1.3706 1.3704 1.3706 .880 .66803 .879%
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