XXI IMEKO World Congress Measurement in Research and Industry”
August 30- September 4, 2015, Prague, Czech Republic

INFLUENCING THE QUALITY OF HOSPITAL BEDSUSING
VIBRO-ACOUSTIC DIAGNOSTIC

Pexa,M. !, Peterka,B. 2, Marik,J. 3, Cedik,J. ¢, Weinfurtner,L.°,

! Department for Quality and Dependability of Mackin€zech University of Life Sciences Prague
(CULS), Prague, Czech Republic, pexa@tf.czu.cz
2Department for Quality and Dependability of Maclsin€zech University of Life Sciences Prague
(CULS), Prague, Czech Republic, peterka@tf.czu.cz
®Department for Quality and Dependability of Mactin€zech University of Life Sciences Prague
(CULS), Prague, Czech Republic, marik@tf.czu.cz
“Department for Quality and Dependability of Mackin€zech University of Life Sciences Prague
(CULS), Prague, Czech Republic, cedikj@tf.czu.cz
*Department for Quality and Dependability of Mactin€zech University of Life Sciences Prague
(CULS), Prague, Czech Republic, b.o.r@seznam.cz

Abstract — Human health is one of the most precious gifts

that each person has. This gift need to take a mMmani
protection. The human, when has health problemskss¢o
restore satisfactory health condition with a siigaifit
contribution of medical care. Medical care has usadous
means to restore human health.

A hospital bed as highly sophisticated technicaligepent

is one of many such means used during treatmerspitéd bed
allows appropriate positioning of the patient, sot@improve
health status and complications occurred in thenfof pressure
sores. Also the patient comfort is one of the inguar task of
properly working bed. Patient's comfort can be campsed by
increased vibration and noise levels generateddbyators of
bed and other movable parts of bed assembly.
This paper describes utilization of noise and \tibra
measurement in particular case of Linet Eleganzpital bed.
Obtained
redesigning of the actuator assembly. Influence taken
changes are also enumerated.

Keywords: diagnostic, hospital bed, vibration, noise, pdtie

comfort

1. INTRODUCTION

The World Health Organization (WHO) identifies heal

as a state of physical, mental, social, and aéstbemfort.
Health is not just the absence of disease. Therdfmpay
attention to the little which can have a major ictpan

results of measurements are used for efutur

Accurate, easy and comfortable adjustment of thkibe
important because when patients lies in bed fang time,

they risk bedsores. The bedsores (Fig. 1) are dabge
pressure of the body on the bordered skin areansigtie

bone protrusions [1]. The bedsores, if they octhuey are

very difficult to treat [2]. It is important to pagarticular

attention to the prevention of these complications.

Fig. 1 Bedsores - stage |l [4]

It is necessary that a suitable position of hosbigal is
reached by smooth movement. The suitable posidgonbe
controlled from several places according to thelthea
condition of the patient and requirement of hod$pstaff.
These requirements mainly deals with the ergongnieg
attention is devoted in many industries [3], [H].[There is
primarily monitored impact of vibrations to the oa®r's

human health is very important. This paper dessribebody and absorbed vibrations health influences. (Bid7],
possibilities of noise and vibration measurement irg], [9], [10].

particular case of Linet hospital bed. Undesiraltgations
and acoustic load were transmitted to the patiebtdy
while positioning the hospital bed. Obtained resudtf
measurements are used for future redesigning ai¢hetor
assembly. The proposed solution is simple withgaiicant
impact on the final vibrations and noise levels.



safety barrier

Fig. 2 Experimental set-up showing subject
sitting in the ‘back-off' posture [8].

The vibrations are generated by rotating parts of

machines or directly moving parts. Among the malavers
of oscillations are also bearing [7]. First of alggards
bearing with defects [13], where it is successfuibed fast
Fourier transform to evaluate the causes (Fig.18].[The
vibrations are evaluated during patient transpotbalance,
from the medical point of view [13].The vibratios hot
only undesirable, but on the basis of vibrationlgsia can
be monitored functionality of certain organs or che
monitored breathing functions of the patients (Big[12].
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Fig. 3 (a) The wave format
(b) The Fourier spectrum of the artificial signé)§15]

This paper describes possibilities of noise andatibn
measurement in particular case of Linet hospitatl. be
Undesirable vibrations and acoustic load were trattad to

the patient's body while positioning the hospitabdb
Obtained results of measurements are used for efutur
redesigning of the actuator assembly. The propeskdion

is simple with a significant impact on the finabkations
and noise levels.

/—Mattress

NEMURI SCAN

Fig. 4 Positioning of the NEMURI SCAN under a slewpi
mattress [12]

2. MATERIAL AND METHODS

Linet Eleganza 3 bed (Fig. 5) has a positive efecthe
treatment and convalescence of patients and also
streamlining and facilitating the work of staff acute care
with unique functional features and properties. ronpd
ergonomics positioning is the result of special ifications
Tonneau Ergoframe, which ensures maximum patient
comfort and helps prevent pressure sores. Soms hsee
complained of not too smooth movement and noiséngur
bed position changes. Linet manufacturer respoidéxkly
to complaints. It was found that the problem isitit@eased
levels of vibration and noise while adjusting thesition of
the bed. Elevated sound and vibration levels were
transmitted into the hospital bed from the telescqmle
when positioning (Fig. 5).

Therefore, the company Linet in its technical cente
focused on this issue, the company invited extezrpért to
solve vibration and has set the following aims:

» check of the current design of telescopic poles,

 measurement of sound pressure and vibration
performance analysis,

e draft implementation design of modifications to
reduce sound and vibration level,

» final check of adapted telescopic poles in the
test chamber of Linet manufacturer.
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Fig. 5 Hospital bed Linet Eleganza 3 [unpublished]

Measurements points (Fig. 6) were appropriatelyseho
on the telescopic pole (Fig. 6) and were choseloviahg
measurement methods, which were carried out in biith
and DOWN direction of the telescopic pole movement:

3. RESULTS

3.1 Design modifications results

Measured values of noise and vibration on a tef@sco
pole without modification proved to be unacceptableese
values are shown in Table 1. Based on this decidésign
of drive attachment has been changed. In the dtegp the
change consisted in placing insulating pads withiekness
of 2 mm and 22 mm diameter prescribed hole forthetric
motor and mounting screws. In the second step thasethe
cover of drive filled using sanitary silicone. Risuare
shown only for one of two telescopic poles, whésults for
the second pole is analogous.

Table 1 Measured data of vibration and noise ortLiieganza.

Insulating pad
inserted

Insulating pad inserted +
silicon filling

0.14

Measurement Units Before changes

ACC Velocity — UP direction
ACC Velocity - DOWN
direction

mm.s? 0.54 0.26

048
117

031
0.29

mm s
#(9.81m 1)

0.19
0.15

Acceleration — UP direction
Acceleration - DOWN
direction

g(9.81ms1)
4B

0.69
75.6

0.31
69.1

0.25
64.9

Noise Level

* measurement of ~ speed vibrations in  the1apie 2 pecrease of the measured values expreaspedcentage
range 10 - 1000 Hz,
* measurement of vibration acceleration in ther—————7 pad vs. | Tasalating pad + silicon ve. | Tnsulating pad + siicon ve.
range Of 10_2 000 HZ, Vel-ocmr,up original state (%) original state (%) ing pad only (%)
«  measurement of noise emission of the electrieedri e 52 ™ 46
at the attachment to the telescopic pole. direction 35 s0 39
Acceleration — UP
direction s 87 48
Acceleration —
20 4 DOWN direction 55 64 19
B Noise Level 9 14 6

Fig. 6 Proposed solution with insulating pad: I)rebmeter 2)
Saw toothed wheel telescopic pole, 3) worm whesgtdkt drive,
4) vibration sensor 5) insulating pad, 6) secusagws, 7) electric
motor

Velocity and acceleration of vibrations were meadur
using Microlog CMVAGO vibration analyser, which,diges
that, is able to overlap measured spectra anddhsi®r to
detect the causes of vibration. Noise level oftdlescopic

When using insulating pad thickness of 2 mm it aise
necessary to change holding screws. New screws afengt
2 mm longer. From the measured values of vibratiod
noise is apparent that there was a decline in saturel in
the case of vibrations at least by 45% and souvel ley at
least 8% (Table 1, Table 2)

In the second case, where in addition to insulapiad
were used silicone filling, the drop in the meadwealues is
obvious. Vibration values dropped by at least #hferr 20%
and the total reduction is thus achieved more t6a%.
Noise level decreased by 6% and the total dropasial14%
(Table 1, Table 2).

3.2 Vibration analysis

Fig. 7 shows FFT acceleration spectrum and Fig.
shows FFT velocity spectrum of measured data. Rdth
spectra includes comparison of the original staté tavo of

pole movement was measured using a sound levelr mef@€sign modifications of the drive unit. It is vigtthat there

Lutron SL-4023SD.

Is a gradual decrease in overall vibration level.

In order to reduce the noise and thus well-being of

patients has been proposed several solutions.
solutions were chosen because of low cost of ispigiad
and then isolating pad in combination with sanitsiticone
filling.

These



Merged acceleration spectra, harmonic
cursor placed at drive running frequency
(about 71 Hz - 4260 rpm)
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Fig. 7 FFT- Merged spectra.

Merged velocity spectrum - the harmonic cursor is

P d in the h ic freq 'y of the drive running
speed - it is obvious that were eliminated speed components
and their I Natural freq y of the
entire system was changed and the occurrence of frequency
of 17.5 Hz causes low noise

Original
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Isolated with Silicon

Fig. 8 FFT- Velocity spectra.

4. CONCLUSIONS

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

According to measured data and spectral analysis of

vibration it was found that the main cause of Miiora and
associated noise is the electric drive of the telpe pole.
Measured vibration levels corresponds to electnitved

equipped with worm gear.

(10]

In order to reduce the noise and thus well-being of

patients has been proposed several solutions.

vibrations by more than 65% and in case of nois&4%p.

The paper noted how can technical diagnostics Help
the field of medical disciplines and especially hasv
possible to support the health of patients. Baseduitable
modification of hospital bed there was successfrélyuced
their vibrations and noise levels. We can concludat

significant contribution to the long-term well-bginof
patients bedridden has been achieved.
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