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ABSTRACT: A die-quenching apparatus having relatively 
movable upper and lower opposed platens with a plurality of 
opposed workpiece-engaging die blocks attached to said 
platens and a plurality of protruding pads circumferentially 
located at spaced intervals about the inner surface of each of 
said opposing die blocks. The opposed platens have internal 
cavities for the transmission of quenching ?uid to the work 
piece and said die blocks and pads are passageways extending 
therethrough and providing ?uid communication between 
said platen cavities and said workpiece. 
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DIlE-QUENCHED CRANKSHAFT 

This application is a division of application Ser. No. 
553,142, ?led May 26, 1966, now U.S. Pat. No. 3,506,501. 

This invention relates to a new improved die~quench 
hardened crankshaft and die-quenching apparatus and 
method for producing the same. 
The current commercial practice of processing forges steel 

crankshafts is to heat and quench the entire surface for grain 
re?nement and subsequently temper for producing a machine 
able hardness. After cold straightening and basic machining, 
the hearing surfaces are induction hardened, reheated to tem 
pering temperature, and then ?nally ?nish ground. In some 
cases the bearing ?llets are shot peened prior to ?nal ?nishing 
to increase fatigue strength. 

Several problems have led to the need for the present inven 
tion, each of which has more or less intensi?ed the other. The 
?rst of these is the rapidly increasing gas pressures in modern 
diesel engines as a result of the constant demand for increased 
horsepower from an engine of given size. These pressures not 
only add further loading to the crankshaft but also excite more 
rigorous vibrations which add to crankshaft fatigue. It is, 
therefore, desirable to provide a crankshaft which would be 
stronger at its present size and weight without using more ex 
pensive alloy steels. Toward this end, attempts have been 
made to provide the stronger crankshaft by heat treatment. 

Unfortunately, heat treatment per se causes several 
problems, especially with an article of such irregular shape as 
a crankshaft. One such problem is that in the use ofexisting in 
duction heat-treatment methods, it is necessary to use a steel 
of high carbon content to get the depth of hardness which is 
needed for overall shaft strength and proper bearing life. A 
phenomenon which may be termed “longitudinal cracking” 
has occurred in engines utilizing relatively high carbon 
crankshafts. Such longitudinal cracks develop in the journal 
surface of the crankshaft during engine operation as a result of 
the adverse stresses produced from heat generated during 
bearing seizures. These cracks start a stress point which can 
lead to ultimate failure of the crankshaft. 

During the past few years, the tempering temperature of the 
crankshafts has been raised from 540° to 740° F. to increase 
the ductility in the crank surface to prevent longitudinal 
cracking in field service and, unfortunately, the hardness level 
has been lowered from Rockwell C 49--57 to the present 
Rockwell C 40-46. This in turn has reduced the fatigue 
strength and wear-life of the crankshafts. 
A further problem is that if a complete crankshaft is heated 

and immediately quenched in an open quenching tank, distor 
tion is so great that considerable time is consumed is 
straightening the cold crankshaft to make it usable. This is not 
only objectionable from a cost standpoint but it has been 
proven that when a piece of steel is straightened following 
heat treatment, some" areas are structurally weakened. In 
many cases, the distortions so great that it cannot be corrected 
within the desired limits. 

Also in present induction hardening processes it is often 
necessary that oil holes in the crankshaft be plugged to 
prevent cracks from forming therein during the quenching 
operation. After the subsequent induction hardening process, 
the crankshafts are again straightened and a peening opera‘ 
tion is done in the area of the pin and main journals. This 
operation is necessary on present production crankshafts to 
alleviate undesirable residual stresses causes by the sharp 
transition between the hardened and relatively unhardened 
portions of the crankshaft formed by the induction hardening 
in the ?llet area. This tends to relieve the stressed area 
between the hardened portion of the bearing surfaces and the 
?llets andeliminate cracks that generally start in this area if no 
peening is done. . 

The present invention provides a low carbon content 
crankshaft which is completely die-quench hardened after 
substantially all machining operations have been performed 
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2 
thereon and which eliminates the need for the straightening 
process previously required, the shot peening operation, and 
the plugging of the crankshaft oil holes. Since low carbon 
quenched and tempered steels are tougher than high carbon 
steels at the same hardness level, it is possible to use a low car 
bon steel at a higher hardness level with no increase in suscep 
tibility to longitudinal cracking, but with marked improve 
ment in fatigue life. As a result of the invention, the ?nal 
crankshaft hardness is of a higher value, such as Rockwell C 
49--54, than that attainable previously without encountering 
cracking problems, etc. Further, as a result of the novel die 
quenching apparatus of the present invention, it is possible to 
harden the entire surface of the crankshaft since when placed 
within the die the crankshaft is straightened and properly held 
while jets of water under pressure drastically quench the jour 
nals, thereby achieving an excellent surface hardening pat 
tern. While the quenching process is taking place, the entire 
?xture and crankshaft are submerged and, due to the greatly 
agitated water from the jets, the hardness pattern is continued 
out into the cheeks and/or throws of the crankshaft. 
The previously required cold straightening operation, the 

shot peening operation, and the need for plugging the oil holes 
have all been eliminated as a result of the invention. The 
straightening operation has been eliminated as a result of the 
novel die-quenching apparatus which properly retains the 
crankshaft during the quenching operation. The various other 
operations are eliminated since the extreme agitation of the 
water and jets against the retained crankshaft distribute the 
heat treat pattern evenly throughout the entire exposed sur 
faces of the crankshaft. Any changes between the hardened 
surfaces and relatively unhardened surfaces are gradual so as 
to eliminate the ‘sharp stress concentrations known to 
crankshafts produced by prior art procedures. 

In addition to the advantage of eliminating such previously 
required operations are straightening after quenching, shot 
peening and oil hole plugging, the low carbon content die 
quench hardened crankshaft of the present invention has nu 
merous other advantages such as increased fatigue life, higher 
surface harness, elimination or longitudinal stress cracking, 
greater core strength and quench hardened fillets. Moreover, 
a more economical grade of steel can be used than was previ 
ously possible. 
Other objects and advantages of the invention will become 

more readily apparent from the following detailed description 
when taken in conjunction with the accompanying drawing. 

In the drawing: 
FIG. 1 is a side elevation of one embodiment of die 

quenching apparatus constructed in accordance with the in 
vention; 

FIG. 2 is a partial cross section taken on the line II—II of 
FIG. 1; 

FIG. 3 is a plan view taken on the line III-III of FIG. 2; 
FIG. 4 is a cross sectional view taken on the line IV-IV of 

FIG. 2; 
FIG. 5 is a longitudinal view, partially in section, of a 

modi?ed embodiment of die-quenching apparatus con 
structed in accordance with the invention; 

FIG. 6 is a cross-sectional view taken on the line VI-VI of 
FIG. 5; and, 

FIG. 7 is a cross-sectional view taken on the line VII-VII of 
FIG. 5. 

Referring now to FIG. 1, the die-quenching apparatus of the 
invention comprises a movable upper platen 10 adapted to 
cooperate with a work supporting lower platen 12. The 
platens I0 and 12 are respectively provided with a plurality of 
upper 14 and lower 16 die blocks which are adapted to receive 
therebetween a cylindrical workpiece such as the multithrow 
crankshaft 18, on which the quenching operation is to be per 
formed. It is to be noted that although the die blocks are of 
like construction, they are of different heights and in different 
locations, to secure the respective journals of crankshaft 18 in 
proper position. The lower platen 12 is provided with a plu 
rality, preferably four, of spring-loaded buttons 20 which sup 
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port the crankshaft by its cheeks 22 when it is ?rst placed in 
the apparatus. The buttons 20 prevent the crankshaft journals 
24 from coming into contact with the cold metal of the die 
blocks 16 until the upper platen I0 is lowered into place for 
commencement of the straightening and quenching operation. 
Contact of the hot journals with the relatively cold die blocks 
for any length of time prior to application of the quench water 
effects a mild quench of the contact area and is detrimental to 
the quenching operation. 

Referring now to FIG. 2 in conjunction with FIG. 1, it can 
be seen that the platens l0 and 12 and die blocks 14 and 16 
are of hollow construction, the die blocks being secured to the 
platens by suitable retaining means 26 and alignment pins 28. 
A plurality of conduits as indicated at 30 and 32, are con 
nected to the platens allowing water under pressure to be 
directed through the platens to the die blocks. 
As shown in FIGS. 2, 3 and 4, the upper die blocks 14 and 

lower die blocks 16 have generally cylindrically shaped op~ 
posed surfaces 34 for substantially surrounding the crankshaft 
18 when the platens are in closed position. Two or more 
protruding pads 36 are suitably spaced about each die block 
surface for contact with and support of the crankshaft journals 
24. Suitable retaining bolts 38 (see FIG. 4) are provided for 
securing and adjusting the pads 36 with respect to their 
respective die blocks. Shims 40 can be removed or added 
between the pads and their respective blocks so as to shift the 
workpiece either laterally or vertically. As shown, a plurality 
of small passageways 42 are provided in both the cylindrical 
surfaces 34 of the die blocks and the pads 36 to allow jets of 
water during the quenching operation to contact as much of 
the crankshaft journal surfaces as possible. It is important that 
the external surfaces of the pads 36 be shaped so as to make 
minimal contact the journals during the quenching operation. 
Although the pads are shown with accurately shaped external 
surfaces, these surfaces could be of any other suitable shape 
such, for example, as triangular with radiused corners provid 
ing the support for the variousjournals. 

In the modified embodiment shown in FIGS. 5—7, the 
upper platen 50 and lower platen 51 receive water through 
ports 52. Suitably secured to each of the platens, and in ?uid 
communication therewith, are supporting blocks 54 and 56. 
Upper and lower die blocks 58 and 60 are secured to their 
respective supporting blocks by retaining bolts 62, the bolt 
heads of which are accessible thorough normally plugged 
apertures 64. It should be noted that the pads 66 are an in 
tegral part of the die blocks 58 and 60. During the quenching 
operation, water under high pressure enters port 52, ?ows 
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through drilled passages 68 into the die block cavity 70 and ‘ 
outwardly through holes 72 to spray against the crankshaft 
journals. 

Since the pads 66 are integrally formed on the die blocks, 
lateral and vertical adjustment thereof must be made via the 
die blocks 58 and 60. The die blocks are adjusted vertically by 
changing shims 74 located between the die blocks and their 
respective supporting blocks. As best shown with reference to 
the lower platen 51 (FIGS. 5 and 7), an inverted T-shaped 
bracket 75 is fastened to the lower platen by means of bolts 76 
and alignment pins 78. Located at the midportion of the bar of 
the T-shaped bracket is a bifurcated leg 80 which closely 
receives the support block 56. lntegrally formed on the sup 
port block 56 are a pair of spaced arms 82 which straddle the 
leg 80 of bracket 75. The support block 56 is adjustably 
secured to the bracket 75 by means of fasteners 84 adapted to 
be received in oversized holes 86 formed in the arms 82. It will 
be readily understood that after loosening fasteners 84 the 
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support block 56 and its associated die block 60 may be 
shifted horizontally by removing or adding shims 88 and 
loosening or tightening an adjusting screw 90. 

Multithrow crankshafts having a substantially martensitic 
case may now be produced with the following properties and 
characteristics; carbon content: 0.24-0.40 percent C; surface 
hardness: Rockwell C 44-54; depth of hardness; 0.060 
0.200 inches (as measured five Rockwell C points below the 
surface hardness). Test results have indicated that the above 
crankshafts, when die-quenched in the apparatus of the inven 
tion, have a Total Indicator Runout ofless than 0.020 inches. 

In operation, immediately after the crankshaft has been fur 
nace heated to its austenitizing temperature, it is placed in the 
lower platen and supported above the lower die blocks by the 
spring-loaded buttons. The buttons prevent the crankshaft 
journals from coming into contact with the die pads until a 
very short time prior to the beginning of the quenching cycle. 
The upper die is then moved into position forcing the spring 
loaded buttons downwardly which allows the crankshaft to be 
clamped in position as shown in FIGS. 2 and 5. 
With the crankshaft clamped in position and with the entire 

quenching apparatus placed in a tank (not shown), ?uid 
quenchant, preferably water under very high pressure, is 
directed through the hollow platens and sprayed through the 
many passages in the dies against the crankshaft journals and 
?llets. Immediately following the beginning of the quenching 
spray, the entire crankshaft is submerged and subjected to a 
drastic-quench so as to cause the hardness case to be extended 
over the entire crankshaft. Due to the extreme agitation of the 
water against the retained crankshaft, the heat treat pattern is 
distributed evenly throughout the entire exposed surfaces of 
the crankshaft including the oil hole surfaces inside the 
crankshaft. It is to be understood that the'submersion process 
could be eliminated by providing suf?cient water jets in the 
die-quenching apparatus to spray the entire crankshaft. 
We claim: 
1. Die-quenching apparatus comprising relatively movable 

upper and lower opposed platens; a plurality of die blocks sup 
ported on said upper platen; a corresponding plurality of 
lower die blocks supported on said lower platen for mating 
cooperation with said upper die blocks; said upper and lower 
die blocks each having an internal cavity and further having 
generally cylindrical opposed outer surfaces for receiving and 
substantially surrounding a workpiece when said platens are 
moved toward each other; a plurality of protruding workpiece 
supporting pads circumferentially located at spaced locations 
about the cylindrical surface of each of said die blocks; said 
workpiece supporting pads having generally arcuate outer sur 
faces for establishing minimal surface contact with said work 
piece; and a plurality of relatively small ?uid passageways ex 
tending through both the cylindrical surfaces of said die 
blocks and said workpiece supporting pads, said passageways 
providing ?uid communication with said die block cavities. 

2. Die-quenching apparatus as set forth in claim 1 and 
further comprising a plurality of button means resiliently sup 
ported on said lower platen for preventing contact between a 
workpiece placed thereon and the protruding workpiece sup 
porting pads on said lower die block when said upper and 
lower platens are moved away from each other. 

3. Die-quenching apparatus as set forth in claim 2 and 
further comprising means for radially adjusting said workpiece 
supporting pads relative to their respective die blocks. 

4. Die-quenching apparatus as set forth in claim 2 and 
further including means for adjusting said die blocks both 
horizontally and vertically relative to said platens. 
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