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1. Introduction:

A pneumatic nail gun company has an assembly line on which operators have

high rates of musculoskeletal complaints. The standard assembly procedure with
highest complaint rate requires an operator grabbing the handle of an assembled nail
gun by one hand and installing a screw top at the handle butt by the other hand
(Fig.1(a)). Job rotation was adopted onsite to prevent operators from suffering
numbness of the fingers. Inspectors interviewed operators and found that a task that
involved the use of a pistol-grip air impact wrench caused high hand-arm vibration
(HAYV) to the both hands of each operator (Fig.1(b)).
In this preliminary study, a wooden fixture was developed to reduce the HAV caused
by the impact wrench to assembly line operators. Experienced operators were
recruited to assess the effectiveness of the fixture use in reducing their HAV.
Experimental findings and operators’ subjective feeling are reported in this paper.

(@ (b)
Figure 1. Work postures of an assembly operator while (a) installing a screw top at the handle butt
and (b) tightening the screw top using an impact wrench

2. Methods:

2.1 Apparatuses

Vibrations transmitted to operators hand during the use of a pistol-grip air impact
wrench were measured by using three piezoelectric accelerometers (model 4374L,
Briiel & Kjar, Denmark). These accelerometers had a frequency sensitivity range of
1-26000Hz, and was pre-calibrated for excitation of 10 m/s2 (r.m.s.)/159.2 Hz with a
hand-held calibrator (model 4294, Briiel & Kj@r). These three accelerometers were
mounted on a lightweight adapter, which is held in contact with the handle-hand
interface by the operator, to measure the vibration level in three orthogonal axes (X, Y



and Z). Accelerometer outputs were connected to a 3-channel amplifier (model 2693,
Briiel & Kjer) with a signal conditioning gain of 31.6 mV/G. Outputs of the
amplified signals were recorded on a portable data logger at a rate of 5000 samples/s
per channel. The logger stores collected data on a compact flash memory card.
The logged data were downloaded onto a personal computer using a card reader for
further data processing (Chen et al. 2006).

A simple wooden fixture, which fastened the impact wrench to a worktable and
held the assembly part of nail gun, was designed to reduce the vibrations of operators’

hands with shock absorbable polyurethane material (Fig. 2).
s

Figure 2. The designed wooden fixture and directions of coordinate system for HAV measurement.

2.2 Subjects

Six experienced operators (three males and three females) were recruited as
subjects from assembly line for HAV tests. All subjects were informed about the
purpose of the study and signed a consent form before conducting the experiments.
All subjects were asked to complete two assembly tasks of fastening screw top, with
and without the wooden fixture (WF/WOF), with a 5-minute rest break between each
task. For task with fixture plate, each subject caped the screw top, held the
assembled nail gun and lodged it in L-shape hook of the fixer, and triggered a
fastened impact wrench to tighten the screw top up (Fig. 3(a)). For task without a
fixture, subjects performed daily assembly task by holding the assembled nail gun on
the worktable by their left hand while tightening up the screw top using an impact
wrench (Fig. 3(b)). Each operator repeated six trials with HAV measured three

times in each hand. A 10-second data was taken for each trial.
. - .

(a) (b)
Figure 3. Subjects’ typical posture in performing screw top fastening task (a) with and (b) without the
fixture use

2.3 Data Analysis

The HAV levels, frequency-weighted root mean square acceleration, with and
without fixture plate use were evaluated according to the ISO 5349-1 (2001) and ISO
8041 (2005) standards using Viewlog software (Chen et al., 2009). The
improvement made in each measurement direction by use of the fixture was tested by
using Wilcoxon test. The difference was considered significant at a level of p<0.05.

3. Results:
Experimental measurements show the greatest mean HAV level (8.88 m/s2) was
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obtained in the part-holding hand in palmar direction (X-direction). The greatest
mean HAV level (4.14 m/s2) in the tool-gripping hand was in the bushing spinning
direction (Z-direction). Measured results indicate that the dominant HAV levels
were significantly reduced in both hands (Table 1). The dominant frequency-
weighted root mean square acceleration was reduced by 73.4% (from 4.14 to 1.10
m/s2) in the tool-gripping hand and by 47.4% (from 8.88 to 4.67 m/s2) in the part-
holding hand. All subjects reported a recognizable reduction of HAV in task with
fixture use.

Table 1. HAV level in the tool-gripping and part-holding hands (Mean+SD, unit: m/s2) and
differences between tasks

Part-holding - Task (n=5)- Differances
Direction. WE- WOT-
e 3B 4.6671 B
+0.523+ +0.198
Yoo 4 8574 22008 54. 5%
+0.255. +0.459a
T 2,709 1.2754 52 9%
+0.1564 +0.583
Tool-gripping.: ¥ ¥ ®
x 2,237 1.563+ 30, 1%
- 1015850 10,3872
Ve 0281 06271 36,1 %
' +01.445. +0. 1016
oy 4. 1444 1.1024 T3 A%
+0.361+ +].348+

* p<0.05 for significant task difference by Wilcoxon test

4. Discussion:

Despite significant decrease in dominant requency-weighted acceleration was
acheived using fixture plate, only 30% reduction (from 2.237 m/s2 to 1.563 m/s2) was
obtained in palmar direction (X-direction) in the tool-gripping hand. This may
because the plastic tie, which fixes and restricts vertical movement of the impact
wrench, cannot diminish verticval vibration effectively. Metal binders together with
anti-vibration material should be able to replace the plastic tie and obtain better
vibration attenuation in operators’ tool-gripping hands.

Under consideration of work efficiency, the fixture design requires assembly parts
to be fixed and removed easily. Therefore, the loose-fitting L-shape hook was used
to expedite lodging in the assembly part. However, such design still requires an
operator to hold the assembly part while tightening the screw top by an impact wrench.
This design reduces HAV of the part-holding hand without the fixture use only by
47.4% to reach a vibration level of 4.67 m/s2.

This preliminary study demonstrates an economically feasible means of reducing
HAV in an industrial context by using a fixture and anti-vibration polyurethane
material. An improved fixture design in the future that helps holding the assembly
part seems promising to reduce the HAV level further in operators’ part-holding
hands.

11
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1015-1030 G. Raghav, M. Farooq, A.A. Khan, M. Muzammil
1030-1100 BREAK - Governor Genaral Il Room
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1100-1230

Frequency Waightings — Govermnor General 11l Room
Chairs: 5. Maeda and T McDowell

Charactarization of Fraquenc y-De pandent Rasponses of Sensary Nerve Functon to Repetitive Vibration

1100-1115 E. Krainak, 5. Waugh, C. Johnson, R. Miller, 5. Li, M.L. Kashon
1151130 Fraquency Weighting of Hand-Transmitted Vibration for Evaluating Comfort

B 5. Maeda, 5.6. Geridonmez, K. Miyashita, K. Ishimatsu

Relative Parformanc e of Frequency Waighting W, and Candidates for Alternative Frequency Waightings When Used to
1120-1145 Bredict the Dccurrence of Hand-Arm Vibraton Induc ed Injuries
P Pittz_ H.J. Mason, KA. Poole, C.E. Yaung
1145-1200 Posture-Related Change in Frequency Weightings Derived from Vibration Power Absorption of The Hand-Arm System
M. Shibata K. Ishimatsu, 5. Maeda
1200-1215 VP4 -Based Weighting Curve: Preliminary Assessment of Gender Difference
E. Marchetti F. Morgia, G. Filligoi, &, Lunghi, L Fattorini
1215-1220 Repetitive Shock Whration Risk Assesament for Gunshaots
E. Marchetti, R. Di Giovanni, A. Tirabasso, A. Lunghi, E Morgia
1230-1400 LUNCH - Dalegates frea for lunch
1400-1520 Prevention, Assessmant & Compensation - Governor General Il Room
Chairs: M. Donati and D. Petersaon

1400-1415 Inveastigation of the Belationship between Vibration Emiszion and In-Use Whration far Blectrical Tools

B E.P. Shanks, 5.M. Howitt, P. Pitts

Assessmant of Hand-Arm Vibration Exposure by Me ans Estimation Methodologies: Comparison Betwean Vibration
1415-1420 Databases (ISPESL) and Information Provided by Too! Manufa clurars
B NItti, P De Santis, P Mataletti
1470-1845 Impact of Europe an Directive 2002/44/EC on the Risk of Developing Hand-Arm Vibration Syndrome in Great Britain
P. Braraton
Current Staws of Hand-Am Vibration Syndrome in China — Occwrenc e, Laws, and Measures of Prevention and
1445-1500 Control
Gao Xing, Sun Li, He Li Hua, Liu Yao Yao, Wei Yun Fang, Liu Zhao Qi

15D0-1515 Compensation of Hand-Arm Whration Syndrome in Canada

; A, Thompson, A Turcot, 5. Youakim, R House
1515-1520 Raview of Legal Suits Invalving Hand-Am Vibraton

I Jetzer
1530-1600 BREAK - Governor Genaral Il Room
1600-1645 Outreach, Knowledge Transfer and Implemantation — Governor Ganeral [l Room
Chairs: M. Charniack and M. Eaman

16D0-1615 Glove Use and Educ ation in Workers with Hand-Arm Whration Syndrome

B K. Rowley, . Ajami, 0. Gervais, L Mooney, A, Solheim, | Kudla, D.L Holnass, 5. Switzer-Mclntyre
1615-1645 Panal Discussion
1645-1715 Conference Closing — Governor Genaral [l Room

Prasentation of the Taylor Award by Rognvald Taylor, formerly Assistant Principal, Morth Highland College and
Deanof Science and Technology, University of The Highlands and 1slands, Scotland.

Imvitation o tha 137 International Conference on Hand-&rm Vibration, 2015

Closing: A.J. Brammar
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Friday 17 June 2011

0900-1620 Workshop on Alternative Frequency Weightings
Governor Genaral 111 Room
Chairs: A.J. Brammer and P. Pitts

The suitability of the 150 fraguency welghting ™ for asse ssing the risk of persons developing wib ration-ind uce d white
fingar will be discussed and alte mative frequency weightings derived from diffe rent perspec ives will be considered.
Invited speakars:

0900 K. Krajnak: Experiments with animals and other human surrogates.

0945  MLJ. Griffin: Frequency-depandence of psychophysical and physiological responses to hand-transmitted
vibration.

1030 — 1100 EREAK,
1100 R. Dong: Foundation and darivation of biodynamic responsa-basad frequency waighting.

1145 M. Bovanzi, I. Pimto, M. Mauro, F Renchese: Epidemiological evidence for new frequency weightings of hand-
transmitted vibration.

1230 —1400  LUNCH iDelegates free for lunch)
1400 A, Brammer, P Pitts: Frequency waightings compatible with vibration exposure-based models.

1445 The papers will be fallowead by unscheduled brief presantations, and discussion. The workshop will attempt to
reach a consensus on the need far an altem ative frequenc y weaighting.

1630 Close
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