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Ball splines are convenient and efficient devices that allow nearly friction-free linear
motion. Therefore, they are widely used in grinding machines, coil winding machines,
and semiconductor manufacturing equipment. In recent years, as the speed of
machines using ball splines has increased, the sound of ball splines has added to the
serious problem of the noise of these machines. In this paper, as a first step toward
reducing the noise of ball splines, the effects of retainer materials and shapes, ball
materials, and spline shaft structures on ball spline sound are examined
experimentally. Then, low-noise ball splines are developed.

The results of specific experiments and analyses has led to the following conclusions.
(1)The following noise reduction methods of ball splines are effective:

(D Changing from conventional polyacetal retainers to retainers made by brass,
phosphor bronze, or stainless steel.

@Adopting straight tongues with tongue angles less than 18.5 degrees.

(@Using retainers with retainer bars.

@Changing from conventional steel balls to silicon nitride balls.

(®Changing from conventional solid shafts to damper shafts, as spline shafts.

(2) The presented low-noise ball spline (Type K) with all the noise reduction methods
(i)-(v), overall sound pressure levels decrease by up to 13dB, compared to those of the
conventional ball spline (Type A) without the noise reduction methods.
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Fig. 1 Overview of test ball spline

Table 1 Types of test ball splines

Retainer Ball Spline shaft
Types Materials Tongue | Retainer Mass |Materials Mass of Material | Types | Mass
shapes bar a ball
Polyacetal . . _
A (POM) Circular arc| without | 7.7 g SUJ2 |0.25g| SUJ2 Solid |3.18 kg
B | Brass (C3602) |Circular arc| without [ 60.2g [ SUJ2 |0.25g| SUJ2 | Solid |3.18 kg
Phosphor bronze| . : .
C (C5191B) Circular arc| without [ 63.7g | SUJ2 |025g| SUJ2 Solid |3.18 kg
Stainless steel | .. . .
D (SUS303) Circular arc| without [ 56.8g | SUJ2 |025¢| SUJ2 Solid |3.18 kg
E | Brass (C3602) sﬁj’j‘gg? without | 59.0g | SUI2 [025g| SUI2 | Solid |3.18kg
F | Brass (C3602) ;iaa'g’hg: without | 58.09 | SUI2 |025g| Sus2 | Solid |3.18kg
G | Brass (C3602) Ztial'ghst; without |57.69| SUI2 |025g| Sus2 | Solid |3.18kg
H | Brass (C3602) S;:”fgt' without | 57.3g| SUI2 [0.25g| Sus | solid [3.18kg
I | Brass (C3602) S;:”fgt' with 6089 | sui2 |025g| susz | solid [3.18kg
3| Brass (c3602) Sg;a:”fgf' with |608g| SN, |0.10g| SU2 | Solid [3.18kg
K | Brass (C3602) S;a:"fgt' with |60.8g| SisN, [010g| SUI2 |Damper|3.22kg
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Fig. 3 Effects of retainer materials on
overall sound pressure levels
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Fig. 4 Effects of retainer materials on
sound waveforms(V=1.0m/s)
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Fig. 6 Effects of retainer tongue shapes on
sound waveforms(V=1.0m/s)
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