FORMING TITANIUM
Hot forming is generally preferred with titanium sheet, though cold forming is also manageable. Four methods are basically used for forming with a bit more application of pressure than with steel. They are:

• Hydropress        • Stretch

• Power Brake      • Drop Hammer

Titanium material, if received in the annealed condition, is then in its most easily formed and workable condition.

Hydraulic Press Forming

To fabricate parts that are basically flat with straight or contoured edges, rubber pad hydraulic press forming is used. Cold work is best when done in stages, with annealing between stages. When planned as a two-phase operation, hydropress forming is most successful:

1. Cold hydropress forming to semi-finished conductor.

2. Mechanical hot-sizing to blueprint finish, or final creep forming with furnace-type fixtures.

With this additional hot forming stage, hydropress dies can be designed with a controlled contoured bulge or shrink flange, eliminating possible cracks or bends. For the hot sizing equipment or creep forming in a furnace, dies are machined to blueprint requirements. Time and temperature to hot size rely on the individual titanium alloy. Usually 10- 20 minutes at 1000°F is acceptable.

Power Brake Forming

To form angles, Z-sections, hat sections, and channels, brake forming is used. A round-nosed male punch and trough-like female die is used in this type of forming. When using this method, the sheet metal blank is laid over the trough die and angle formed by forming the sheet into the trough using the male die.

Stretch Forming

Stretch forming has been used on titanium mainly to contour angles, hat sections, Z-sections and channels, and also to form skins to specification-contours. This kind of forming is attained by gripping the section to be formed in knurled jaws, loading until plastic deformation begins and then wrapping the part around a male die. Loading of the part or sheet until plastic deformation begins and wrapping around the die should be done at a slow rate. Springback of most titanium alloys is equivalent to that of 1/4 to 1/2-hard 18-8 stainless steel.

Drop Hammer Forming

Drop hammer forming has been very successful, and has been accomplished at both room and elevated temperatures. Kirksite is satisfactory for male and female dies where only a few parts are needed. If it is a long run, usually steel inserts are necessary. In drop hammer forming, the greatest success has been obtained by warming the female die to 200 – 300°F to remove the chill, and heating the blank to 800 - 1000°F for 10-15 minutes. The part is then struck and set in the die. In most cases, a finished part, which requires no handwork, is obtained.

Cold vs. Hot Forming

The advantages of hot forming of titanium are reduced springback, lower forming pressures and increased ductility. As in drop hammer forming, the use of preheated dies to avoid chilling the work is recommended. When titanium blanks are heated so that actual deformation takes place (at temperatures of 400 - 600°F for the commercially pure grades, or 800 - 1300°F for the alloy grades) the titanium will behave much like annealed to 1/8-hard stainless steel. When commercially pure titanium is cold formed, it will behave much like 1/8 to 1/4-hard stainless steel, and most titanium alloys like 1/2-hard stainless steel.

Stress Relief

As an aid to cold forming, normally it is necessary to stress relieve when more than one stage of fabrication is involved. For example, a part should be stress relieved after brake forming prior to stretching and also between room temperature hydropress forming stages. Heat treatment is necessary to relieve residual stresses imposed during forming after cold forming operations are complete.

