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Reducing the Weight of Precision Ball Screw Shafts Using Drawing
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In recent years, there has been a demand for lightweight shaft products to improve the tact time of equipment. Shaft products
are stepped in order to use bearings at the shaft end. Therefore, drilling a hole in the center of a shaft product is not enough to
reduce the weight of the product to ensure the wall thickness. Therefore, focusing on swaging technology, a type of drawing,
we devised a weight reduction method in which both ends of a thin-walled steel pipe are plastically formed to form the shaft
end and a structure with a large space inside is created. The thin-walled steel pipe is swaged to form the shaft ends, grooved
with threads, heat-treated, and finished to produce a lightweight product. Calculation results show that the weight is 54% of
that of the conventional product, a significant weight reduction. The allowable speed can be increased to 125% of the
conventional product, which may contribute to an improvement in tact time. The prototypes manufactured by the drawing
process showed no difference in appearance from the conventional product, and the measured weight was 55% of the
conventional product, almost exactly as calculated. As a result of devising a weight reduction method using the drawing process
and manufacturing a prototype, the possibility of significantly reducing the weight of a shaft product was seen. We will continue
to evaluate the performance and life of the product in order to commercialize it.
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¢) Lightweight products: shaft end is machined using a drawing process
Fig. 1 Weight reduction method for shaft products.
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Thin walled steel pipe: carbon steel
Processing
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Both side shaft ends are formed by drawing
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Machining ball screw groove section

Heat treatment of products
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Finish machining of shaft ends and ball screw grooves : completion of lightweight product
Fig. 2 Manufacturing process of lightweight production.

Table 1 Calculation results of ball screw shaft mass and allowable rotation speed.

Item Existing product | Lightweight products(drill) | Lightweight products(swaging)
Mass Calculation value 197 k 1.12 kg 0.68kg
(Overall length 1000mm) <l (Existing product x 0.88 ) (Existing product x 0.54 )
2 3
Calculation formula N 04T EXI0TXT e
2n X |b2 yx A
Allowable | mr‘t).me”ft of || 22291 mm* 2198.4 mm* 1697.0 mm*
rotation speed | Mertia of area
Threaded shaft |\ | 1637 144.1 mm? 79.0 mm?
Cross section
Allowable N 3989 min 4222 mint 5010 min?
rotation speed (Existing product x 1.05) (Existing productx 1.25)

Shaft end processing part

a) Appearance of drawmng product b) Cross section observation of drawing product
Fig. 3 Trial result of drawmg product.
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