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FiG. 2. Frequency-response curves for experiments without gloves,

Mean attenuation of each glove

The 11 gloves may be classified in four groups: Fig. 3 gives the attenuation curves
observed for gloves Nos 3, 4, 8 and 11 whose attenuation characteristics are typical of
these groups.

For gloves Nos 1, 2, 3, 6 and 10, the hand—glove system behaves as an amplifier
below 400 or 500 Hz, depending on the glove. This amplification can reach 5 dB at
some frequencies. For higher frequencies, the system acts as an attenuator, with a 15—
20 dB decrease at 1000 Hz. Figure 3 illustrates this in the case of glove No. 3.

For gloves Nos 4, 5, 7 and 9, the amplification is not so pronounced at frequencies
below 250 Hz. No attenuation is observed at higher frequencies up to 750 Hz:
reduction in vibration transmission reaches only 5-10 dB at 1000 Hz (Fig. 3, glove
No. 4).

Glove No. 8 (Fig. 3) exhibits a nearly neutral response below 250 Hz and amplifies
vibration signals at all frequencies between 250 and 1000 Hz.

Finally, glove No. 11 (Fig. 3) amplifies somewhat the signal at frequencies below
130 Hz; beyond, the attenuation increases progressively to reach 25 dB at 1000 Hz.

DISCUSSION AND CONCLUSIONS

The shapes of the attenuation curves presented above correspond approximately to
the frequency response of a one-degree-of-freedom mechanical model, where the spring
and damper elements are constituted by the glove. Such a system acts as a transmitter
at low frequencies, as an amplifier at frequencies around the natural frequency of the
system and as a 12 dB per octave attenuator at higher frequencies. Transmissibility
curves presented in Fig. 3 mainly differ regarding the position of the natural frequency
defined by f;=(1/2 ) (k/m)"/*, where k is the stiffness cocfficient of the glove and m the
mass of both hand and glove.

Altogether, the efficiency of the gloves in attenuating vibrations is poor and, in
some cases, the exposure conditions appear to be worsened, as low frequencies are
actually amplified. Also, it is well known that common tools like drilling or chipping
hammers mainly produce vibrations at these frequencies, Fig. 4, (a). At higher
frequencies, the attenuation provided by the gloves is of limited interest, as the
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Fic. 3. Attenuation provided by gloves Nos 3, 4, 8 and 11 as a function of frequency,
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FiG. 4. One third octave band weighted spectra according to ISO 5349, (1) Chipping hammer and (h)
prneumatic grinder.

fundamental frequency for the tools with the highest rotating speeds usually does not
exceed 300 Hz; this is the case, for instance, for a 18 000 rpm pneumatic grinder, as
illustrated in Fig. 4, (b).

Considering glove No. 11 which provides the best performances at high
frequencies, the attenuation reaches only 6 dB at 300 Hz. In addition, account must be
taken of the reproducibility error at which the order of magnitude is 4 dB, as seen

previously.
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While such gloves clearly can provide only marginal attenuation, their use could at
least contribute to a reduction of vibration-induced white finger (VWF) attacks al the
work place. Indeed, VWF attacks arc usually triggered by exposure to cold
(WASSERMAN, 1985) and most of the pneumatic tools perform by adiabatic expansion of
compressed air, resulting in the cooling of the body of the tool and in the exhaust of cold
air. Gloves may then be uscful to avoid direct contact with these cold sources.

For that purpose, gloves Nos 4, 5. 7, 8 and 9 should preferably be selected for tools
giving low frequency vibrations (below 200 Hz), as their use would at least not result in
an amplification of the signal in this frequency range. For frequencies higher than
200 Hz, only glove No. 11 could be recommended. However, the loss of dexterity
associated with this glove is quite significant.

In conclusion, the attenuation provided by the gloves which were tested must be
considered as negligible at low [requencies. Therefore, the choice of gloves for a given
task should not be based on vibration protection but should take into account the loss
of dexterity, which might raise safety problems, and subjective comfort, which is
ultimately the criterion determining whether and how long they will be used.

REFERENCES
Bovenzi, L. P, PETrRON, 1. and DiMarino. Fo (1980) I, Arch. occup. environ. Hith 46, 251-266.
CLARKE, I. B. and Darey. W. (1985) Noise Vibr. Control 16, 146-149.
Fawer, R. (1976) Arch. Mal. Prof. 37, 10-11, 739-760.
GRIFFIN, J. (1981) Proc. 3rd fnt. Symp. on Hand - Arm Vibration, Oltawa, pp. 103 116.
INRS (1983) Cahiers de Notes Documentaires, ND [409-110-83, pp. 47 52.
Mrwa, T. (1981) Proc. 3rd Ini. Symp. on Hand-Arm Vibration, Ottawa, pp. 303-310.
RasMUSSEN, G. (1981) Proc. 3rd Int. Symp. on Hand Arm Vibration, Ottawa, pp. 89-96.
SuGas, C. W. and Hangs, I, M. (1981) Proc. 3rd Int. Symp. on Hand- Arm Vibration, Ottawa, pp. 333-337.
TavLow, W. and PeLMEAr, P. L. (1975} Vibration White Finger in Industry, Academic Press, London.
WassErMAN, DL E. (1985) Am. ind. Hyg. Ass.J. 46, 8-10/B-18.





