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ABSTRACT

A manufacturing process of the power steering worm blank is analyzed by
FEM simulation. The process includes mainly three operations such as indentation,
extrusion, and upsetting, which was designed by a forming equipment expert. The
results of simulation are summarized in terms of load-stroke relationships, die
pressure distributions, effective strain distribution, and deforming patterns for each
forming operation. Also, Efforts are focused to get the reason that the tool expert
designed the forming process in three operations. The results of the simulation are
to be useful for the next advanced process planning in terms of good dimensional
accuracy, savings in material and machining, no deforming defects and
improvements in mechanical properties.
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Fig. 1 Blank for a power-steering worm Fig. 2 Example of the use of power-
steering worm in PAS system
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Fig. 3. Initial billet of power-steering Fig. 4. Original method for producing
worm blank a power-steering worm blank
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Press Crank-type mechanical two-point, 800-ton
Die Three station transfer on 10-in. centers
Tool material Carbide inserts
Slug Sheared, annealed and phosphated
Lubricant Soap
Extrusion Pressure 525 tons (total)
Press speed 20 strokes per min
Setup time 8 hr
Production rate 1200 pieces per hour
Tool life First station 100,000 pieces
(punch and die Second station 50,000 pieces
inserts) Third station 75,000 pieces

Table 1. Manufacturing conditions for power steering worm blank

Operation Forging Ratio
1st Step Indentation r=357 R =72 %)

Forward Ist pass r = 142 (R = 295%)
2nd Step .

Extrusion 2nd pass r =153 (R = 347%)
3rd Step Heading : s = 0.88 (t = 1.86)

r = Extrusion Ratio (R = Reduction of Area)
s = Upset Ratio (t = Diameter Ratio)

Table 2. Forming conditions for each step

R WA 2AL dYdndentation)ZF L2 AF 2] T4 E(concentricity) & B3 A7)
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e Ayo] o]2ojAL} 4E e AWYEo) FHyos WAHI YFE FUEEol
Jolupe g Fejolth wixweoz A WA FHL F2 AF GNY 4B T2
Joj #Y(Heading)ZA o2 AEFS HFHFo] 49

3.34 % 4%
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Fig. 6. Deformation patterns, Die pressure and Load-stroke relationships for the
first step operation
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Fig. 7. Deformation patterns, Die pressure distribution and Load-stroke relationships
for the second step operation
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Fig. 8. Deformation patterns, Die pressure distribution and Load-stroke relationships
for the third step operation
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