Human Vibration
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Hand-arm Vibration

Long-term exposure can
cause white-finger or dead-
finger syndrome

Symptoms:
— Tingling
— Numbness
— Blanching
— Over-reaction to
coldness
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Whole-body Vibration
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Long-term exposure can
cause severe damage
especially to the lumbar
region of the spine

Short-term symptoms:
— Fatigue
— Headache
— Slower reactions
— Nausea
— Insomnia




Mechanical Models of the Human Body
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Transmission of Vibration through the Body
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Standards for Human Vibration
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Evaluation Method: Rating
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Evaluation Method: Weighting

Motion sickness

Acceleration Whole body
dB , X,y Z Hand-arm
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Using the Weighing Method in Practice

Measurement Weighting

Frequency, Hz —»
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Measurement Directions

Whole-Body "Handgrip" position

————— Basicentric coordinate system
— Biodynamic coordinate system
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Categories of Whole-Body Vibration

Motion sickness, in ships or Whole-body vibration in Whole-body vibration
vehicles with very soft vehicles or on platforms in buildings
suspension systems — 1 to 80Hz —1 to 80Hz

— 0.1 to 0.63Hz

BA 7054-14, Human Vibration. Page 11 B un .
riiel & Kjaer =+

Copyright© 2002 Briel & Kjeer Sound and Vibration Measurement A/S. All Rights Reserved



Whole-Body Vibration Weighting
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Measure in the Vertical Direction In Buildings
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Hand-Arm Vibration Weighting

Acceleration
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Vibration Amplitude

Vibration Level

A
A A
_ Acceleration, a
A
a |v |d .
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Descriptive Parameters

Amplitude
A

drMS

aPeak

>t
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Characteristics of Vibration — RMS
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The “Energy Equivalent” Acceleration, a,,
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Max. Peak and Crest Factor

A <+ Max. Peak
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m/s? or Decibels?

>

100 — 160
10 — 140
Acceleration —— Acceleration
m/s? 1 — 120 dB
—— re. 10° m/s?
0.1 — 100
0.01 80
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m/s? or Decibels?

Acc.dB 30 100 120 140 160

(re. 10°° m/s?)

Hand-arm

Whole body
in
vehicles

Whole body
in
buildings

Acc.m/s?2 00.1
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Basic Instrumentation for Weighted Measurements
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Transducer for Whole-body Vibration

Rubber disc

Tri-axial Accelerometer
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Mounting the Transducer — Whole Body

Briel & Kjeer =5~
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Whole-body Vibration in Buildings
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Directional Considerations

Weighted Acceleration Sum:
WAS = \[(1.4a,F +(1.4a, f +a?

\_ J
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Exposure Evaluation

/— Whole body exposure limit
30 150 1 I I
/ /— Whole body fatique dec. prof.
10 { 140 / | | |
/ / Whole body reduced comfort
34 130 — ,/
03] 110 \ \\\
\ N
04+ 100 N
\\ _ Allowed
1min 0.1h 0.5h 2h 5h 10h 16h24h FXPOSWG
ime
I
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Calculation of the Working Day Dose

1:1 1:2 t3
N N J\
4 \ \d N >
WAS, WAS, WAS,
Or a4, Or Ay, OF 83¢q
or T, or T, or T4
Dosez[t1 + t, + t3j><100%
T Ty T3
\ J

t = Elapsed time

T = Allowed time
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Example of Dose Calculation:

Work Elapsed Aeq Allowed
Type Time 5 Time
t(hours) m/s t (hours)
1 2 0.7 2.5
2 0.5 1.3 0.9
3 1 0.3 8
4 \
Dose = 2 +O'5+1 x100% =148%
25 09 8

. J

K

BA 7054-14, Human Vibration. Page 29 s .
B
Copyright© 2002 Briiel & Kjeer Sound and Vibration Measurement A/S. All Rights Reserved Bruel & Klar




Approximated Exposure Evaluation

A 2 Requirement: 8eq < Ag
2.8 m/s? (z)
dg .
2.0 m/s? (x,y)
Beq F-------F---- q-----2 | t,= 10 min
1 min 10 min : : 8h
1:0 telapsed allowed Time
( 2 h ( t \
tarowes =| =2 | * (1) Dose = 2279 . 100%  (2)
L aeq ) | allowed )
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Mounting the Transducer — Hand Arm
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Accelerometers should be
rigidly attached to the tool,
but not interfering with
normal operation
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Mounting Adaptors — Hand Arm

Hand-adaptor

\ Handle adaptors

-~ and hand-adaptors
/ are used when rigid
mounting to the tool
IS not possible

BA 7054-14, Human Vibration. Page 32 s . TR
B ===
Copyright© 2002 Briel & Kjeer Sound and Vibration Measurement A/S. All Rights Reserved Bruel & Klar &7 ¢




Coordinate Systems

The hand adaptor measures Iin The handle adaptor measures in
the biodynamic coordinate system the basicentric coordinate system
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Directional Considerations for Hand-Arm

For hand-arm vibration it is often necessary to measure
in all three directions to find the worst one
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Type of Adaptor

i\

A\
—— ' Handle adaptor
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Accelerometers Cables

ll

e e ity
Te :. ‘0.:"4':‘ 5
eraleieitaiany.
SreleTelee ey
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1

il

Cables are fixed down, often with tape, so
that there is minimal cable-induced vibration
In the measurement system
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Exposure Evaluation

Risk of getting vascular disorders (White finger syndrome)

20
Yeags{c - _~—1 50 t percentile
N " i
exposure \\k //—40 percentile
S~ SN~ A ~— 30 " percentile”]
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S p - =g =m=mm= = N 10 th percentile_|
4 NN
3 | \
| N
2
1.5
\ \\\
1 \ N Y
N ~d
N ‘I
~o |
05 A X ] | [ N X ] ]
1 1.9 2 253 4 5 6 7 8910 15 20 2530 40 50
a [m/s?]
I
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The 4-hour Energy Equivalent Acceleration, a,,

1
((\\"o

8,(4) = aeq(t)\/j J

T
L, (4)=Lm +10 Iogz J
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Exposure from Several Events

(o\e?
.
a.(T)= \/ ar T, ; 2T, +@T, 4o,

1 +T2 +T3 o P

\ y
&
.
1fy (% 82 5"'Tz inv.log =1 F o
L.,(T)=10log 0 10

T1 ‘|‘T2 +.....

\ y
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Example of Exposure Calculations

M) - \/5.62 x0.7+10.32x0.5+2.5% x1.0
0.7+0.5+1.0

Agq(4) = 61><1/242 45m/s’
a,,(8) = 61><‘/282 3.2m/s?
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Work a, Effective time
Type m/s? Hours
1 5.6 0.7 |
2 10.3 0.5 - =2.2
3 2.5 1.0
=6.1m/s?

R
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Frequency Analysis — 1/3 Octave

/_ Autospectrum({Response) - Input - O] x|

[dB#1.00 ] Autospectum(Response] - Input | Meas. , Spectrum t
. Random : Input : Input : CPE Analyzer alH= i
0 i@ LLeg 1028148 ALLI
1%
220 - ||
o 2 :=-a'
] b
40 -l o —
. — " 4
i o #
0 |
- W 2 B0 EE0 1k %k Hzz0k Fif

I I I I I

16 B3 250 1k 4k,

[Hz]

Note: Different signals to the analyzers
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Frequency Analysis — FFT

A Autospectrum{Response) - Inpu['::_
[rn#sf] tutozpectium|Fesponze] - Input Il| Mea=., FFT Expanded

Handom : Input : Input : FFT Analyzer —— Aug#E0D C
cl7a. ™Hz —
c159, 248 RMS E
16072 lpH =t D
100m 1 —
_ T
10m M | e z|
1 F
A A 120] E
T J ,| = 3 Freq. =210.3 Hz 41z, 3|

W HEH: 4. Z23HZ Span: 1ZEQ0HT at £23. SH=Z

200 46HD EE”:I EDEII
fikd Note: Different signals to the analyzers
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Level Analysis

Level dB
A

140

130

120

110

100

90 >,
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Statistical Analysis

Level distribution

o 10
8 ™
6 '_' '—i
L
=
2 —
—
0 — | -
90 100 110 120 130 140 dB
. 100 Cumulative distribution
% 90 — & L,,=103dB
80 i
60 i
40 i
20 i
I R I —
10 ! 4 L,,=128 dB
90 100 110 120 130 140 d
I
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Example: Wheel-loader

Level dB

140
135
130
125
120
115
110
105

A

Health

Proficiency

|
|
|
|
I Allowed time
|
0,5 5

1'0 2'4 > Hours
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Example: Wheel-loader

1/3 Octave Spectrum

dB m/s? Z-direction

120 |1

1 Suspension
110 | 0,315 .__|—b|_' N o e T

100 | 0,1 |

fﬂ
90
1,0 2,5 6,3 16 40 63 100 Hz
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Example: Helicopter

FFT Spectrum
A
9B \Main Main  Tail Tail Tail
rotor blades rotor blades haft
gtor blades rot d 3
130 | T > T *
v ¥ [ v (v et
10,5 43 [
120 Il
29 33
110 53]
v
100( 5,25 97
i 2V7 64 75 86
90
80

0 10 20 30 40 50 60 70 80 90 100
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Example: Chipping Hammer

Very high peak acceleration levels are found at the handle of the
chipping hammer. Even higher levels are found at the chisel
(and the operator often uses his other hand to control the chisel)
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Chipping Hammer Vibration

dB  m/s2 1/3 - Octave Acceleration
180 — 1000

Tool body resonance

170 — 315 O
Left Hand;\’esonance |J L_

160 |— 100 | Blow frequency —/

I__
Subharmonic _|J
50 |sts— % /K/ T

tH
140 !

— 10
\I_rLr'J -
130
4 1

6 63 250 1K 4Kk 16K
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Chipping Hammer Risk Evaluation

20
Years of ' 50 ™ percentile
exposure \Q\ 40 t percentile |
10 -

th ila

S SN 30 percentlle:

N NN 20 th percentile

Sp-o==g===== N = 10 t percentile_|
T I

0.5 " M 1 1 1 1 " M 1 1
1 15 2 253 4 5 6 7 8910 15 20 2530 40 50
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I
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Example: Chain Saw

Centre line of log
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Chain Saw

Weighted 1/3-octave Spectrum ldling
,  Engine Teeth 4h Engine 2h Sawing
dB 4 m/s ® ® 0 ® ® Racing
130
\/
[ — |
120 | 1 Y v
T iR
~ ]
110 —0.315—ja=b -
| —
T G ¢
S |
=
>
8 16 31 63 125 250 500 1k Hz
I
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Example: Grinders

Oscillation ki
frequency (—\-—_—:_ il =
dB m/s? °
1407 10 | _
l 2t 4thh gtk \ -
130 I
1201 4 Random Il
distortion p
products v v Weighted
110 =
'\_Lﬂ B _rJ L"I-Ll 1/3-octave
i Spectrum
1001 0.1 :
16 63 250 1k 4k Hz
I
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Conclusion

Central Issue:
Avoid breaking occupational health legislation at lowest cost

Monitoring and Risk assessment checklist:
e |Is there a problem?
How big is the problem?
What causes the problem?
How do we reduce the problem?
How do we prevent the problem?

Vibration + Time = Vibration Exposure

Vibration Exposure + Time = Tissue Damage

Vibration exposure is measured according to national and international
standards for Hand-Arm Vibration and Whole-Body Vibration.
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