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To all whom it may concern: , 
Be it known that I, HARRY P. MACDONALD, 

a citizen of the United‘ States, ‘residing, at 
Montclair, county of Essex, and State of 
New Jersey, have invented certain new and 

. useful Improvements in Methods of and'Ap 
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paratus for HeatTreating Metallic Articles, 
of which the following is a speci?cation. 

This invention relates to a method of and 
apparatus for heat vtreating metallic articles 
and it has for one of its primary objects 
the provision of an improved method where 
by the best physical properties for any 
given steel may be obtained, or, stated in 
other words, my invention contemplates a 
method whereby, for any given steel, physi 
cal characteristics and properties may be'ob 
tained which'are superior to those obtain 
able in standard practice. ’ - 
Another object of the invention resides in 

the provision of improved means for auto 
, matically terminating the heating, either by 
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discharging the article being treated from‘ 
the machine or by cutting off the heat, at the 
time adapted to secure the best physical 
properties in the steel. 
The foregoing, together with such other 

objects as may hereinafter appear, I obtain 
by means of improvements illustrated in 
preferred form in the accompanying draw 
ings, wherein: ' 
_ Fig. 1 is a side elevation of a heat treat- - 

’ ing machine embodying my improvements, 
-1n diagrammatic form; Fig. 2 is a frag 
mentary, side elevatiog of certain features of 
my invention drawn on .an enlarged scale to 
more clearly illustrate the parts; and Fig. 3 
is aview corresponding to Figs 2 in whichv 
a modi?cation .of my invention is shown.‘ 

I have discovered in the heat treatment of 
steels, that the best physical properties are 
obtained if the steel is quenched at that por 
tion of the critical period when the tem 
perature is at a minimum, or stated in other 
words, at such time, during the critical period 
as the article has minimum length and is 
about to again expand. This may be stated, 
also, in this way ;. namely, that the critical 
period is of appreciable length andI ‘have 
discovered that the physical groperties are 
superior if the uenching is one approxi 
mately at the en of the critical period dur 
ing which physical changes take place in 

the steel and just precedent to the period 
succeeding in which absorption of heat units 
again is represented in rise in temperature 
and increase in physical dimension. In so far 
asthe method is concerned, therefore, the in. 
qvention, in its broadest aspect, resides in 
quenching the steelas near this point as is 
practical. ’ . 

One form‘ of mechanism by means of 
which my invention may be carried out,.is 
illustrated in Fig. 1 and Fig. 2, from inspec 
tion of which it'\will be seen that I have 
therein illustrated a vertical frame A lo 
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cated above a quenching bath B of oil or _ 
other suitable quenching agent, such frame 
being provided with contact blocks C and D 
which are slidable in the, frame. The u per 
contact block C is adjustably suspende in 
the framework by means of .a cable 7 and the 
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lower. contact block D, while slidable, is ‘ 
capable of being supported temporarily in a 
de?nite upper position by means ‘of the 
treadle mechanism 8. The lower contact 
‘block is supported in this manner because of 
its operative relation with certain auto 
matic actuating mechanism indicated as a. 
whole by the reference letter E, which will 
be later described. The upper contact block 
C is'adjustably suspended ‘in order that the 
machine may be accommodated to receive 
articles of ‘varying length. . ' - 
Each of the contact blocks is provided 

with a ?xed'contact jaw 9 andv a' movable 
contact jaw 10, sha' ed to correspond with 
that of the article being treated, the movable 
contact jaws'being operated-by pistons 11, 
working in cylinders 12 to which ?uid pres 
sure, such as air, is'supplied by means of‘ 
piping 13, leading to a suitable source of 
supply. Flexible tubing 14 connects the 
pipe 13 with the cylinders 12. Current is 
su plied from a transformer F or other 
suitable source of supply, by means ofthe 
conductors 15 and 16, the former of which is 
connected to the bus bars 17 , while the latter 
is connected to contact jaws 9 and 10 of the 
lower contact block D. Current from the 
:bus bars is conducted to the contact blocks 9 
and 10 of the upper contact block by means 
of the sliding contacts 18 and the cables 19. 
' ‘The circuit is controlled by the‘ circuit 
breaker mechanism G, and the air supply 
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nism H, preferably operatively associated 
with the breaker mechanism. 
The automatic actuating mechanism E and 

the breaker and valve mechanism will now be 
described, attention being directed to Fig. 2 
particularly. Secured; to the frame at a 
point adjacent the lower‘ contact block D is 
a bracket 20 on which is pivoted a gear seg 
ment 21-, having a connection with the con 
tact block D such that the gear segment is ro 
tated on movement of the contact block down 
or up. The gear segment "21 meshes with a 
pinion 22 on the shaft 23 which is also 
mounted in the bracket 20 for rotation. 
Fast to the shaft 23 is an indicator arm 24 
associated. with a temperature or other dial 
25, secured to the frame by the brackets 
shown. Mounted on the same shaft 23 but 
rotatable with respect thereto, is an arm 26, 
the inner end of which is provided with 
ratchet teeth 27 adapted to be engaged by a 
spring held pawl 28. The outer end of the 
arm 26 projects beyond the dial 25 and it is 
provided with a ratchet sector 29 yieldingly 
held in the position indicated in Fig. 2 by 
means of the spring 30, such ratchet sector 
being provided with one set of ratchet teeth 
31 and withacontactblade 33 adapted‘to make 

‘contact with the contacts or terminals 34 of 
an electrical circuit controlling a solenoid 
35. The ratchet ‘teeth 32 are engaged by a " 
pawl 36 held in engagement therewith by a 
spring 37 and the ratchet teeth 31 are adapt 
ed to be engaged by a pawl 38, pivoted on an 
arm or lever 39 and normally held in engage; 
ment by means of a spring 40. The lever 
39 is normally held in upper position against 
the stop 41 by means of a spring 42, such 
lever being ivoted to the arm 26. The dial 
25 is provi ed with a stop 43 which ‘limits 
the upward movement of the arm 26. The 
arm 26 is provided with a stop 44, and'the 
pointer 24 is provided with a spring 45 at‘ 
its free end. 
The armature 46 of the solenoid 35 is pro 

vided with a striker 47 adapted to release 
the. spring held latch 48 which normally 
holds the circuit breaker arm 49 in‘a position 
in which the contact 50, carried by such arm, 
closes the main circuit. 
The three-way valve H in one position 

connects the pipe 13 with the source of fluid 
pressure supply and in its second position, 
cuts off the supply and establishes “commu 
nication between the pipe 13 and the pipe 
13’, which latter is open to the atmosphere. 
The ports in the valve are so arranged as to 
supply air pressure to the cylinder 12 previ 
ous, to the ‘closing of the main circuit by the 
circuit breakers arm 49, it being understood 
that such circuit breaker arm is fast to the 
stem of the valve. The circuit breaker is 
normally held in open position by means of 
the spring 51. 
‘The operation is as follows: Assuming 
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that the article, such as a tube 52 is held 
in the machine, the operator moves the cir 
cuit breaker arm 49 toward circuit closing 
position, thus ?rst opening the valve H to 
admit ?uid pressure to the cylinders, after 
which, at the end of the movement of the 
circuit breaker arm, the main circuit is 
closed, so that the movable jaws 10 will be 
actuated to grip the article, before the cur~ 
rent is turned on in order to prevent injury 
to the workman. The other portions of the 
automatic actuating mechanism are in the 
position indicated in Figs. 1 and 2. As the 
tube becomes heated by its internal resistance 
to the passage of the current ‘therethrough, 
it begins to expand and the arm ‘indicator 
24 swings in the direction of the arrow by 
reason of the fact that as the article expands, 
the contact block D lowers and imparts 
movement to the segment 21 which in turn 
rotates the shaft 23 through the medium of 
the pinion 22. It will be understood that 
the mechanism for operating the indicator 
arm 24 is so arranged as to greatly amplify 
the [expansion of the tube. The movement 
of the indicator 24 continues and the spring 
45 comes into engagement with the abutment 
39’ of the lever 39 and depresses such lever 
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as vthe movement of the indicator continues, ' 
thereby “shifting the ratchet sector 29 clown 95 
wardly until such time as the indicator arm 
engages the stop 44 of the arm 26, at which 
time ‘further rotative movement of the 
ratchet 29 ceases and the ratchet is held in 
its new position by means of the pawl 36. 
After the indicator arm 24 has come into en 
gagement with the stop 44, the arms 24 and 

,26 move in unison until the critical or de— 
calescent point is reached, that is to say. the 
point at which the tube will absorb heat 
units without a rise in temperature and with 
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out further expansion." During this critical ' 
period physical changes in the field take 
place and in most steels, during such period, 
not only does expansion cease but contraction 
takes place so that the arm 24 has a retro 
grade movement away from the stop 44 dur 
ing such period. The arm 26, however, will 
remain stationary during the critical period 
because the pawl 28 will hold it in its new 
position. 
During the retrograde movement of the 

indicator 24 the spring 42 will return the 
lever 39 to ‘its upper position against the stop 
41 whereby the pawl 38 will engage the up 
per tooth of the ratchet teeth, 31. At the 
end of the critical period during which the 
physical changes'above noted take place in 
the steel, the article again begins to expand 
and the indicator arm 24 again advances 
immediately reengaging the stop 39’ of the 
lever 39 and depressing such lever, whereby 
additional movement is imparted to the 
ratchet 29-and the contact strip or bar 33 
is brought into engagement with the termi 
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nals ‘34 closing the circuit of the solenoid 
35, the armature of which advances to re 
lease the latch 48, whereupon the spring 51 
shifts the breaker arm 49 to open the cir 
cuit and to serially close the valve H and es 
tablish communication between ipes 13 and 
13’ whereby the air in the cylinders 12 is 

‘ exhausted to the atmosphere, the 'aws open, 
and the tube 52 is ‘automatically ischarged 
into the bath B. , a 

It will be seen from the foregoingthat 
the heat is cut off and the article quenched 

_ as nearly as it is possible to do so at the 
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end of the critical period during which 
physical change takes vplace and approxi 
mately at the time when the tube is of mini 
mum length and minimum temperature in 
such period. I thus obtain the quenching 
of'the tube atthe time at which the best 
physical properties of the‘ steel are fully 
developed. ‘ ' ‘ ‘ 

- It will further be noted that the appa 
ratus is such that regar less of the exact 
temperature at which the critical point of 
the particular steel being treated occurs, 
the work will be automatically discharged 
from the machine at the proper moment in 
the heating cycle. It is only necessary, in 
this regard, to so position’the stop 43 and 
the arm 26 that the stop 44 will be engagedv 
by the indicator arm 24 before the critical 
period is reached. Inasmuch as the critical 
period can be readily approximated for any 
'givxeniisteel, it is a simple matter to position 
the arm 26 with sufficient leewayi within 
which to accomplish the shifting of the parts - 
carried thereby. As a-matter of fact, the 
stop 43 could be entirely omitted, the pur 
pose of its provision being to make the ma 
chine proof against careless‘ operation.v 
Referring ‘now to the construction shown 

in Fig. 3, this is devised toameet such steels 
which, because of their composition, or for. 
other reasons, have but ‘little or no con 
traction during the critical period, expan 
sion merely practically pausing. With such 
a- steel there will be little or no retrograde 
movement of the indicator 24, to‘meet which‘ 
condition I have provided the following-ar 
rangement: The arm 26 is provided with a 
dash pot mechanism 53, preferably ?lled 
with oil or other heavy liquid and it is also 
provided ‘with a springl 54, the remaining 
parts being substantially .the same as those 
described. I ' _ ' 

The operation of this modi?cation is as 
follows: A short interval before the critical 
period is reached, the 'stop 24' on the arm 
24 will engage'i spring 54'and depress the' 
latter, allowingl'the indicator arm 24 to de 
press the lever 39 by engagement with the 
stop 39’ thereof, shifting the ratchet sector 
and associated, parts as before described.‘ 
l/Vhen the spring 54 is practically ?attened, 
arm 26. will move with arm. 24 until .the 

critical point is reached, and during the 
critical period arm 24 will substantially re 
main stationary, with the vresult that the 
spring will react from the arm 24 as a base 
and‘ shift the arm 26 downwardly a short 
distance, thereby permitting the levers 39 
to be again shifted to upper position, sojthat 
its stop 39' will be reengaged by the ‘stop 
'24" of/the indicator arm 24 when the move 
ment of the latter again begins, which will 
effect the closing of the solenoid circuit, as 
previously described. This peculiar oper 
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ation of the spring 54 results from the fact '~ 
that the spring, while insu?icient to impart 
movement of the arm 26 until the spring is 
practically ?at, nevertheless, has su?icient 
strength to shift the arm 26 after the latter 
is once in motion and the resistance of the 
dash pot and the pawl 28 overcome. 

It will be seen from the foregoing that I 
have described the apparatus as designed 
to operate during the ‘ decalescent period, 
which is the technical term de?ning the criti 
cal point or period on rising temperatures. 
This same point or period is called the rel 
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calescent period when the steel reaches the - ’ 
temperature at which this point occurs. onv 
cooling from higher temperatures. The be-' 
haviora of the steel in cooling from higher 
temperatures through the recalescent point is 
approximately opposite to what takes place 
during the decalescent period and, there 
fore it will be seen that by reversing the 
arrangement of the parts, the device can 
be used with substantially the same effect, 
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with little or no modi?cation, to secure the _ . 
same results during recalescence. 
One important advantage incident to my 

invention is that uniformity in product is 
assured, and this irrespective of the length, 
composition or other varying factors of the 
articles being treated. The mechanism need 
not beset for any particular line of articles 
and does not require resetting for every de 
parture. 
I claim: 

' 1. The herein described method of heat 
treating metallic articles which consists in 
cutting off the heat and in quenching at ap 
proximately the end of the critical period. 

2. The herein described process of heat 
treating metallic articles which consists in 
‘quenching the article-approximately at the 
e'nd'of the critical period. 

3. The herein described method of heat 
treating metallic articles which consists in 
heating the article approximately through 
the critical period and in quenching the arti 
cle approximately at the end of ‘such period. 
_- 4. The herein described method of‘ heat 
treating‘ metallic articles which consists in 
quenching the article when it is at approxi 
mately‘ its minimum length during the criti 
cal period. 

5. The herein described process of heat 
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treating metallic ‘articles which consists in 
terminating the heating at approximately the 
minimum temperature during the critical pe 
riod and in quenching the article. 

6.? The herein described process of heat 
treating metallic articles which consists in 
supporting the article in a heating apparatus 
for automatic discharge therefrom and in ef 
fecting such discharge by mechanism actu 
ated upon by the article itself at approxi 
mately the end of the critical period. 

7. The herein described process of heat 
treating metallic articles which consists in 
supporting the article in a heating appa- , 

‘ ratus for automatic discharge therefrom and \ 
in effecting such discharge by mechanism 
actuated by the article itself through the 
phenomena occurring at the critical period. 

8. The herein described process of heat 
treating metallic articles which consists in 
heating the article and in utilizing one or 
more of the phenomena occurring at the 
critical period to terminate the heating. 

9. In heat treating‘ apparatus the‘ com_ 
bination of means for heating the article and 
mechanism for automatically terminating the 
heating, said mechanism being associated 
with the article in such manner as to be re 
sponsive to the physical change or changes 
occurring in the article at the critical pe 
riod. . 

10. In heat treating apparatus the com- 
bination of means for releasably supporting 
the article for the heating, means for heat“ 
ing the article, and mechanism for effecting 
the release of the article associated therewith 
so as to be responsive to the physical change 
or changes occurring in the article at the 
critical period. 

11. In heat treating apparatus the com 
bination. of means for releasably supporting 
the article for the heating, means for heating 
the article, and mechanism for effecting the 
release of the articleassociated therewith so 
as to be responsive to the physical change or 
changes occurring in the article at the criti 
cal period, together with a quenching me 
dium into which the article is released. 

12. In heat treating apparatus the com 
bination of a support for the article to be 

- heated, and means effecting the release of 
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the. article including two members one of 
which is associated with the article to be 
moved as the article expands and the other 
of which is moved by the ?rst member on 
movement of the latter in one direction. 

' 13. In heat treating apparatus the com 
bination of a support for the article to be 
heated, and means effecting the release of the 
article including two members, one of which 
is associated with the article to be moved as 
the article expands and the other of which 
is moved by the ?rst member on movement 
of the latter in one direction together with 
means holding the second member in the 
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position to which it has been shifted by the 
first menber. 

14. In heat treating apparatus the com 
bination of a support forethe article to be 
heated, and means effecting the release of 
the article including two members, one of 
which is associated with the article to be 
moved as the article expands and the other 
of which is moved by the ?rst member on 
movement of the latter in one direction to 
gether with mechanism adapted to be op 
erated on by the second member in its move 
ment. 

15. In heat treating apparatus the com 
bination of a support for the article to be 
heated, means‘for heating the article, and a 
means for effecting the release of the article 
and for terminating the heating, including 
two members, one of which is moved through 
the medium of the article itself as it under— 
goes the heating operation and the second of 
which is moved by the ?rst member on move 
ment or" the latter in one direction, and mech 
anism actuated by the second member to ter 
minate the heating and to release the article. 

16. In heat treating apparatus, the com 
bination of a releasable support for the arti 
cle being heated, means for electrically heat 
ing the article, and a common means for op 
erating the support and for cutting off the 
current serially. 

17. In heat ‘treating apparatus, the com 
bination of a releasable pressure operated 
support for the ‘article, means for supplying 
pressure to hold the support in article en 
gaging position, and means actuated by the 
physical change in the article during heating 
to‘ control the pressure supply. 

18. In heat treating apparatus, the com~ 
‘bination of a releasable pressure operated 
support for the article, means for supplying 
pressure to hold the support in article en 
gaging position, and means actuated by the 
physical change in the article during heating 
to control the pressure supply and exhaust. 

19. In heat treating apparatus, the com 
bination of a releasable support for the ar 
‘ticle being heated, means for electrically 
heating the article, and a circuit breaker to 
gether with operating means therefor actu 
ated by the physical change or changes_oc 
curring in the article during the crltical 
period. 

20. In heat treating apparatus, the com— 
bination of a support for the article, means 
for heating the article electrically, a circuit 
breaker releasably held in closing position, 
electro-magnetic means for releasing the 
breaker, a circuit therefor normally inter 
rupted, and means for closing the circuit ac 
tuated through the physical change in the 
article undergoing heat treatment. 

21. In heat treating apparatus means for 
heating the article and means for cutting off 
the heat, the latter means being actuated by 
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the variations in the physical dimensions of 
the article occurring during the critical 
period. ‘ 

22. In heat treating apparatus means for 
heatirr the article and means for cutting off 
the he t, said means being actuated by the 
variations in rate of expansion of the arti 
cle during the critical period. 

23. In heat treating apparatus a combina 
tion of a releasable support for the article 
being heated, means for electrically heating 
the article and means for cutting oil’ the heat 
and releasing the article from its supports, 
said means being actuated by the variations 
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in expansion of the article during the criti 
cal period. I 

24. In heat treating apparatus a combina 
tion of a releasable support for the article 
being heated, means for electrically heating 
the article and means for'cutting off the heat 
and releasing the article from its supports, 
said means being actuated by alternating 
contraction and expansion of the article dur 
ing the critical period. - 

i} n testimony whereof, I have hereunto 
signed my name. ' 1 

HARRY 12.‘ MAC-DONALD. 
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