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COMPOSITE TOOL AND METHOD OF MANUFACTURE

Background of the Invention

Tools which are swung or otherwise handled by users have weight and hardness
characteristics. A tool made in part of a titanium alloy 1s lighter (has less weight per unit
volume) than a tool made of steel since titanium alloys are less dense than steel. Titantum-
containing tools require less effort to swing or lift. To accomplish equivalent energy at
impact when the tool is used to strike objects, the tool 1s swung at higher speeds. Hammer
heads made of titanium are lighter and easier to swing than steel heads; however, titanium 1s
a softer material than hardened steel causing wear or distortion on and near the nail striking
surface. Titanium hammers “mushroom” or otherwise deform at the striking face portion.
Further, titanium hammers can create sparks when struck against certain surfaces requiring

precautions to be taken.
Other steel or iron tools in use have similar drawbacks 1n that they are heavy enough
to present a problem to users when repeatedly swung or lifted such as wedges used n log

splitting and repeatedly placed in metal working mechanisms and then removed.

Summary of the Invention

Broadly, the present invention comprises a tool or portion of a tool which has a first
component that is composed of a material less dense than steel and therefore easier for the
user to handle and a second tool component that has characteristics that are harder or

otherwise useful as a working tool portion. The components are connected together.

The tool may be a tool that is swung or otherwise manipulated by the user such as a
hammer or wedge used in splitting logs or may be a tool placed in and removed from a

material working machine which uses tools in which weight reduction 1s advantageous.
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The invention further includes unique arrangements for attaching the tool

components together.

Brief Description of the Drawings

Fig. 1 is a perspective exploded view of a hammer tool including the working

portion of the present invention;

Fig. 2 is a bottom view of the working tool portion of Fig. 3;

Fig. 3 is an elevational partial sectional view of another embodiment of the working

portion of the hammer tool of the present invention; and

Fig. 4 1s a partial elevational view of a further embodiment of the invention in which

the working tool portion is threadedly attached to the hammer head,;

Fig. 4a 1s still another embodiment similar to Fig. 4 with the lower head portion

having a void therein; and

Fig. 5 is a side elevational view of a wedge tool of the present invention.

Description of the Preferred Embodiments of the Invention

In Fig.1, hammer tool 10 includes head 12 and handle 14. Head 12 includes claw
portion 16, upper body portion 17, transition portion 18,' lower body portion 21 and striking
portion 22. Portions 16, 17, 18 and 21 are made of titanium, a titanium alloy or other
material having a density (weight per unit volume) less than steel. The preterred titanium
alloy for hammer heads is a high strength alloy such as 90% Ti, 6% aluminum and 4%

vanadium. Alternatively, the aluminum content may be 1n the range of 2.5%-6.75% by
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weight and the vanadium content in the range of 2%-4.5% by weight. The striking portion
22 is made of hardenable steel such as steel alloy 4140 which 1s a medium-carbon low alloy
steel. Such steel can be readily hardened to substantial depth from the surface and to high

hardness levels. Such hardening is accomplished 1n the practice of the invention to achieve

good hammer or other steel characteristics. Fully hardened alloy 4140 has a Rockwell

hardness of C54 1059.

Both the titanium and steel portions are preferably investment cast but other
methods of fabrication may be used. Striking portion 22 having thickness t and surface 22s
do not substantially deform when the tool 1s used for a substantial period for striking natls

or other objects.

Lower body portion 21 has cylindrical recess 24 therein. Striking portion 22
includes cylindrical projection 26 which at room temperature has a diameter of 0.004
inches greater than the diameter of recess 24. When the lower bottom portion 21 1s heated
to about 1300° F recess 24 expands so that cylindrical projection 26 can be pressed into
recess 24. Upon cooling, a shrink fit connection is formed in which the compressive stress
holding cylindrical projection 26 is about 75% of the yield strength of the titanium alloy
comprising lower body portion 21. Alternatively, the recess may be 1n the striking portion
in which case the striking portion 22 1s thermally expanded or the lower body portion 21 1s
thermally contracted or both prior to assembly of the two components to accomplish a
shrink fit assembly. Further, in accomplishing a shrink fit connection, portion 26 may be

cooled below room temperature such as to -100°F by using dry ice.

In Figs. 2 and 3, an alternative striking portion 22" 1s shown with
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knurled working surface 20 including hatched projections 25. Striking portion 22 or its

surface 20 may be hardened to improve its ability to withstand high surface-to-surface

forces without distortion or mushrooming of the tool striking surface.

Tuming to kig. 4, another embodiment of the hammer tool 1s shown including
transition portion 18', lower head portion 21' Which portion 21" has a cylindrical recess 28
with threads 29 around its circumference. Striking portion 31 has cylindrical projection 32
with complementary screw thread portion 33. A thread size %2-20 in which the thread is /2"
in diameter and has 20 threads per linear inch 1s preferred. Prior to threading together head
and striking portions 21' and 31, epoxy adhesive is applied to one or more threads 29, 33
Type 5 DP810, DP420, DP105 or DP125 adhesive made by Minnesota Mining and .
Manufacturing Co. (3M™) or other suitable adhesive may be used. A tool striking surface
portion for use as a hammer is preferably in the Rockwell C hardness range of 50 to 55, but

may be less where the tool forces to be applied are less. A Rockwell hardness of about 40 is

satisfactory for some uses.

Fig. 4a shows another embodiment including transition portion 18", lower head
portion 21", cylindrical recess 28' and striking portion 31'. Cylindrical reéess 28’ has
positioned above 1t and communicating with it a void 50. Void 50 functions to lower the

overall density of the hammer head and optionally adjust the center of gravity of hammer

head 12" as descnbed further below.

Finally, Fig. 5 illustrates another embodiment of the invention which is a log-

- splitting wedge 40 having titanium alloy body 42 including recess 41. Recess 41 receives

projection 43 of steel sharpened working tip section 45. Also, steel impact striking portion
46 and projection 47. Recess 4] and t1p section 45 and recess 48 and tip section 47 are

engaged using the shnnk techmque described herein or other suitable connector means.
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In the manufacture and assembly of a hammer and wedge tools embodiments of the
present invention, the titanium hammer head body or wedge body 1s formed using
investment casting techniques. Hammer noses or working wedge ends are fabricated of

5 steel or other high strength, high hardness working material and attached to the titanium
head or wedge body, preferably, by shrink fitting. Tool components are tabricated for
shrink fitting by forming in one component a recess and 1n the other component a
protrusion. The temperature of the component having the recess 1s substantially raised, for

10 example, to 1300°F, causing the recess to expand. Thereatfter the protrusion 1s then pressed

into the recess and the assembly allowed to cool. As cooling takes place the recess shrinks
and engages the protrusion to accomplish an attachment of the two components.

15 |

An alternate method of making a hammer head or wedge includes forming the
titanium head or wedge portion with a threaded opening. A steel nose or wedge tip section
is formed with a mating thread. Adhesive is applied to either or both threads and the nose
and head portion are threadedly engaged. Adhesive may be omitted if the threads are

20

designed to deform during assembly to prevent separation during use of the tool.

It 1s also a feature of the present invention that the center of gravity (center of mass)

25 of the hammer head may be controlled and located by:

1) designing the size, shape and weight of the titanium alloy portion and

the size, shape and weight of the steel portion of the hammer head to

30 achieve the desired center of gravity, including
a) locating a void adjacent the steel portion or at appropriate
locations; or
35
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b) locating a portion of tungsten or other high density material in

such void.

Thus, two, three or more materials may be used 1n the head to achieve the desired
center of gravity for most effective hammering, tor user-friendly operation and good
balance. The center of gravity 1s the location at a single point of a component for static or

dynamic engineering calculations.

The use of two or more components for a tool head provides a method of placing the
center of gravity of the head at a selected point so that when the head 1s swung through an
arc using a handle the head has proper balance to provide ease and effectiveness of use. For
example, the closer the center of gravity of the head to the working surface, the less torque
will be created by off hits (where a portion of working surface striking the object offset

from the swing arc which arc includes the head’s center of gravity).

Titanium alloy 1s highly corrosion resistant, and whereas steel alloy 4140 will rust,
an 1mproved version for a corrosion resistant assembly 1s to use a lower body portion

comprised of a high strength, high hardness stainless steel such as alloy 440C.

“Connector means” herein means any suitable means such as threaded connectors,
welding, brazing, adhesives and shrink fitting. Shrink fitting causes the surface of a first
component to be moved away from a second component surface when heated and is urged
toward and against such second component surface as the first surface 1s lowered in

temperature causing 1t to forcefully engage such second surface.
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WE CLAIM:

1. A hand-held hammer comprising:

an elongated handle having two ends;

a tool head attached to a first handle end, the head comprising titanium or

titanium alloy; and

the head having a striking surface, the striking surface being harder than the

titanium or titanium alloy of the head.

2. A hand-held hammer of claim 1 wherein the striking surface is knurled.
3. A hand-held hammer of claim 1 wherein the striking surface is steel.

4. A hand-held hammer of claim 3 wherein the striking surface is knurled.
5. A hand-held hammer of claim 3 wherein the steel is a hardenable

medium-carbon, low-alloy steel.

6. A hand-held hammer of claim 5 wherein the medium-carbon, low-alloy

steel 1s 4140 steel.

7. A hand-held hammer of claim 3 wherein the steel 1s a stainless steel for

COrrosion resistance.

8. A hand-held hammer of claim 7 wherein the stainless steel is a high-

strength, high-hardness steel.

0. A hand-held hammer of claim 1 wherein the head is made of a titanium

alloy comprising titanium, aluminum, and vanadium.
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10. A hand-held hammer of claim 9 wherein the aluminum content is in the

range of about 2.5%-6.75% and the vanadium content is in the range of about 2%-4.5%.

11. A hand-held hammer of claim 9 wherein the titanium alloy is about 90%

5 titanium, 6% aluminum, and 4% vanadium.
12. A striking tool comprising:

an elongated handle having two ends;

10
a tool head attached to a first handle end, the head comprising titanium or

titanium alloy; and

the head having a striking surface, the striking surface being harder than the

15 titanium or titanium alloy of the head;
whereln the striking surface is shrink fit onto the tool head.

13. A striking tool comprising:
20

an elongated handle having. two ends;

a tool head attached to a first handle end, the head comprising titanium or

titanium alloy; and

25

the head having a striking surface, the striking surface being harder than the

titanium or titanium alloy of the head;

wherein the striking surface is threadably attached to the tool head.
30

14. A striking tool comprising:

an elongated handle having two ends;

-8 -
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a tool head attached to a first handle end, the head comprising titanium or

titanium alloy;

the head having a steel striking surface, the striking surface being harder than the

titanium or titanium alloy of the head;

wherein the striking surface has a sharpened working tip.

15. A hand-held hammer of claim 1 further comprising a void in the head for

controlling the location of the center of gravity of the head.

16. A striking tool comprising:

an elongated handle having two ends;

a tool attached to a first handle end, the head comprising titanium or titanium

alloy;

the head having a steel striking surface, the striking surface being harder than the

titanium or titanium alloy of the head;

wherein the striking surface is wedge-shaped; and

wherein the striking tool further comprises the head having a void for controlling

the location of the center of gravity of the head, the void containing a portion of a

high density material.

I'7. A hand-held hammer comprising:

an elongated handle having two ends:

a tool head attached to a first handle end, the head comprising titanium or

_ Q.
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titanium alloy; and

a striking surface attached to the head, the striking surface being made of a

hardenable steel, the striking surface having a hardness ot at least about 40

S Rockwell C.

18. A hand-held hammer of claim 17 wherein the striking surface has a

hardness of about 50 to 59 Rockwell C.

10 19. A hand-held hammer of claim 17 further comprising the head having a

void for controlling the location of the center of gravity ot the head.

20. A hand-held hammer of claim 19 wherein the void 1s located adjacent to

the steel striking surtace.

15
21. A striking tool comprising:
an elongated handle having two ends;
20 a tool head attached to a first handle end, the head comprising titanium or

titanium alloy;

a striking surface attached to the head, the striking surface being made of a

hardenable steel, the striking surface having a hardness of at least about 40

25 Rockwell C;

wherein the head has a void for controlling the location of the center of gravity of
the head, the void containing a portion of a high density material such as

tungsten.

30

22, A hand-held hammer comprising:

an elongated handle having two ends;

- 10 -
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a tool head for striking attached to a first handle end, the head comprising
titanium or titanium alloy, the head having a body and a striking portion attached

to the body, the striking portion having a striking surface,

wherein the striking portion and the striking surface are harder than the titanium

or titanium alloy of the head.

23. A hand-held hammer of claim 22 wherein the striking portion and striking

10  surface are made of steel.

24. A hand-held hammer of claim 23 wherein at least the striking surface has

a hardness of at least 40 Rockwell C.

135 25. A hand-held hammer of claim 23 wherein at least the striking surface has

a hardness of about 50 to 59 Rockwell C.

26. A hand-held hammer comprising:

20 an elongated handle having two ends;

a tool head attached to a first handle end, the head comprising titanium or

titantum alloy;

25 the head having a striking surface, the striking surface being harder than the

titanium or titanium alloy of the head; and

a void 1n the head for controlling the location of the center of gravity of the head.

- 11 -
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