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SUMMAR

Design puldance relevant to the effects of vibration on manual activities
is provided. The information describes the mechanisms by which vibration
may affect task performance and shows how effects are dependent upon
characteristics of both the vibration environment and the task., Data from
published experimental studies are used as the basis of a series of design
recommendations which nay be used to minimise the {nfluence of vibration on

manual tasgks,



L R

CONTENTS

1.0 GENERAL TNTRODUCTION
1.1 Scope of the Guide

1.2 Machanisms

2.0 THE VIRRATION ENVIRONMENT
2.1 Vibration frequency and axis

2.1.1 The vertical (z-) axis
2.1.2 The fore-and-aft (x-) and lateral {(y-) axas
2.1.3 Hultiple axis environments

2.2 Vibration waveform

2,3 Duration

2.4 Other vibration variables
0 V. BLES

3.1 Type of task

3.2 System dynamics

3.3 Control variables

3.3.1 Sensitive axes and location
3.3.2 Mechanical characteristics
3,3.3 Gain

4,0 FURTHER READING AND BIBRLIOGRAPHY

5.0 ACKNOWLEDGEMENTS

6,0 REFERENCES

APPENDICES

A.l. A procedure for using the Guide
A.2, Hodels

ii

~

11
12

14

14

la

16

16

17

21

24

25

io
32



S

e s e

1.0 GENERAL INTRODUCTTION

This part of the pguide concerns effects of whole-body vibration on the
performance of manual tasks, The guide is subdivided into four sections.
Section 1 defines the scope of the guide and outlines the mechanisms by
which vibration may disrupt performance. Section 2 defines the
relationship between performance and vibration wvariables, Section 3
cencerns the major system variables which determine the sensitivity of a
control system to vibration-induced disruption. The final section provides

a list of selected references and further information.

Part 1 of this guide provides similar guidance for visual tasks to be
performed in vibratien environments (see Moseley and Griffin, 1986).

Vibration effects are highly task specific and laboratory £indings are
often difficult to generalise to real-life tasks, The effect of any
vibration environment can depend upen a combination of system variables,

Furthermore, the wvariability in effect with different people 1is large:
consequently the guidance provided concerns effects on an 'average' persen,
To obtaln accurate predictions of iIndividual variability or the effacts on

speci{fic systems, experimental evaluation will be required.

The guide presents procedures which may be useful in predicting disruption
and descrihes principles to assist in choosing between design alternatives,
A procedure for applying the information provided is ineluded, The guide
is based on published experimental studies of the effects of wvibration on
performance. Some of the experimental data were cbtained for the purpose
of formulating the guide during a research program conducted over a 10 year

period at the University of Southampton (see Griffin et al, 1986).

1.1 Scope of the Guide

The gulde concernsg tasks in which a seated operator performs a manual task
while exposed to translational whole-bedy wvibration, The vibration may
enter the body chrough the seat, backrest, and the controls, (A
recommended procedure for measuring and reporting human whole-body

vibration exposures is given in the current British Standard (BSI, 1986))

The effects of vibration, and the mechanisms producing them, wvary according
to the type of task being performed, It is useful to define three types of

task:
-1 -
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Tvpe_A continuous tasks in which the subject controls the hand
freely in space: examples include reaching and pointing. In some
type A tasks the hand may hold an object which will itself be

affected by motion, such as fluid in a cup,

Type B continuous tasks In which the subjects' hand manipulates a
control at a fixed position attached to the vibrating structure:

examples include the operation of joysticks and knobs.

Typa € tasks in which the operator performs a single, discrete
operation, such as changing a switch setting or pressing a button.
Discrete tasks will often be preceded by Type A tasks: for example
locating a switch in space. Type C tasks should be considered

separately from the accompanying Type A task,

The relationship between a vibration environment and its effect upon task
performance 1is dependent upon the transmission of vibration through the
operator's body. Createst disruption occurs In the reglon of whole-body
resonance which is dependent upon the axis of vibration. Fer vertical,
z-axis vibration, whole-body resonance normally occcurs between about 2 and

10 Hz. For horizontal, x- and y-axls motion, resonance normally lies helow

3 Hz,

There are three mechanisms which may medlate the disruption of & task by

whole-body vibration;

(i) Vibration breakthrough - defined as motion or force at the hand

directly caused by, and linearly correlated with, the vibration
input. The significance of breakthrough depends upon such
factors as whether a control is held and, if so, its type,
sensitivity, sensitive axes and whether or not the arm is
supported. The effect of breakthrough at the hand on system
performance depends upon the amplification of the system
dynamics ac the vibration frequency.

(ii) ¥isual interferepce - relative motlon between a subject's
eyes and a display can give rise to & blurred image of the display
The effect of visual blur depends upon, for example, the
angular size of the information being viewed, the angular
separation of detail and the display contrast as well as the

-2 .
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accuracy of performance required. (If a task requires an
operator to obtain information from a visual display the

reader should refer te Part I of this design guide.) Motion

of the element controlled by amn operator on a display may be
influenced by vibration breakthrough and give rise to
perceptual confusion causing a reduction in tracking performance

(see Lewls and Griffin, 1978a).

(111)0ther mechanisps - these may include interference with feadback
loops within the neuro-muscular system and changes in the
operators' perceptual-motor worklead and state of arousal.

Any increase In operator workload could impair performance,
particularly when the operator is already performing near the
limivs of his ability. In such cases the designer should

consider whether any increase in work load would be acceptable.

For type A tasks, the main effect of vibration is breakthrough causing
motion of the arm, hand and finpers. The ability te accurately hold a
positcion in space 1s reduced by the motion. The mechanisms of disruption
for type B tasks can be more complicated and include all three mechanisms
outlined above. Effects depend upon the type of control being manipulated,
its size, shape, location and gain (ie sensitivity), as well as the system
dynamifcs, viewing conditions and task difficulty. Little is known about
effects of vibration on type C tasks. They are likely to be relatively
free from breakthrough effects although overall afficiency may ba reduced
if a type A task is included in the aperation,

-3 -



P

e

2,0 THE VIBRATION ENVIRONMENT
2,1 Vibration frequency and axis
2.1.1 The vertical (z-) axis

Most experimental investigations of the effects of whcle-body vibration on
manual skillg have used vertical, z-axis motion, Both type A and type B
tasks typlcally show greatest disruption at vibration frequencies in the
region of wheole-body resonance. Figure 1 shows subjective ratings of the
difficulty of a writing task performed during exposure te one-octave band
random vibration with superimposed sinusoidal motion at frequencles between
0.5 and 10 Hz (Corbridge and Griffin, 19853). Subjects were asked to copy
lettars of the alphabet in thelr normal handwriting. The task was clearly
felt to be most difficult with vibration between 4 and 6 Hz.

800 |

1.6 ms'2 rms

600

400

Magnitude estimate of writing difficulty

|'very
difficult’
200
'A little
difficult’
0 1 | i 1 1 [l 1 L |

0 1 2 3 4 5 6 7 8 9 10
Frequency of superimposed sine waves (Hz)

Figure 1: Subjective ratings of the difficulty of a writing task performed
during exposure to low magnitude octave-band randem, z-axls, whole-body
vibration with superimposed sinusoidal motion at frequencies betwasen 0.5
and 10 Hz (from Corbridge and Griffin 1985),
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Figura 2: Pursult tracking performance using a force type control with
simple zero-order system dynamics during sinusoidal and one-third octave
random z-axis whele-body vibration (From Lewis, 1981),.

Figure 2 shows typlcal results obtained with a pursuit tracking (Type B)
task using a force type (le isometric) control and with simpla zero-order
system dynamics (Lewis, 1981), With both sinusoidal and ons-third
octave-band vandem vibration there is a clear frequency dependence showing

aximum disruption at around

Figure 1 shows that increasing the magnitude of vibration increased the
parcelved difficulcy of the task. Figure 3 shows the increase in
mean-square tracking error as a function of acceleration magnitude with a
zero-order pursuit tracking task during vibration at 3.15 and 5.0 Hz (Lewis
and Griffin, 1978a). At both frequencles there is an approximately linear
relationship between rms tracking error and rms acceleration magnitude up
to 2.0 ms"2 rms. The rate of increasa is greater at 5.0 Hz than at 3.15
Hz, For this simple zero-order task, the increase in total error is due
largely to the increase in vibration breakthrough. The remainder of the
effect was csused by perceptual confusion arising from vibration-induced
motion of the controlled element on the display,
-5 .
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Acceleration magnlitude (ms 2rms)

Figure 3; Mean-square tracking error agalnst acceleration mapgnitude with a
zerc-order pursult tracking task during exposure te  sinusoidal, z-axis,
whole-body vibration at 3.15 and 5.0 Hz (From lewis and Griffin, 1978a),

For many_simple type and_B tasks, tracki error increases approximatel
linearly wit nereasi acceleratio agnituda Section 2.2 describes a

procedure for evaluating the effect of vertical vibration.
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2.1.2 _ rFora-apd-aft (x-) and lateral (y-) axes

Considerably less is known about the effects of x- or y- axls vibration on
performance than for =z-axls wvibracioen. Whole-body resonance for
horizonatal motion typically occurs belew 3 Hz., Task disruption due to
horizontal vibration is therefore usually greatest at frequencies below
about 3.0 Hz (Allen et al, 1973), The sensitive axes of controls often
lia in the axes of horizontal vibratien, In these cases, wvibration
breakthrough may be pgreater with horizontal than with vertical vibration.
Section 2.2 describes a procedure for evaluating the effect of horizontal

vibration.

2.1.3 Multiple-axis wvibration

There is some evidence that vibration presented simultanecusly in more than
one axis will produce greater disruption than that caused by motion in any
single axis (Shurmer, 1969, Lovesey, 1971), The way in which the effects
of vibration in different axes combine depends upon the axes involved, the

vibration magnitudes and the task being performed.

For envivopments in which wvibration occurs in more than one axis, the

walghted rms acceleration should bs determined and assessad gach sinple

axis using the procedure descibed in_ Sectjon 2.2. ere sgsipnifican

magnitudes ogeur in more than one axis, greater disruptien should be

assuged than when the motion is co od to g sinpgle axis

2.2 Vibration Wavafornm

It has been demonstrated that effects on manual performance of
dual-frequency and random vibration may be predicted from a knowledge of
the effects of sinusoidal motion over the same frequency range (Lewis,
1981, Lewils and Griffin, 1979), Good predictions of rms tracking error
during broad-band random vertical vibration have been obtained using the

formula:

I
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where: e is the predicted rms tracking error
ey is the measured rms tracking error with ne vibration

Gyv(f) 1is the power gpectral density of the vibration
acceleration

5(£) is the experimentally datermined function
describing the sensitivity of the task to disruption
by sinuseidal vibration (i.e. the semsitivicy
funetion), and

f, and £, define the range of frequenéies covered,

For ma si & zaro-order o t-order trac as it may be
ogsible to adict psyformance du exposure to vertical or horizontal
vibration_by experimentally determining a sensitivity function and applving
equation 1. Sensitivity functlons vary according to the task performed:

it is therefore preferable that they be determined using a task as similar
as possible to the task of interest. Particular care should be taken In
simulating the viewing conditions, seating, arm supports, controls and the
order ‘of the system 'dynamics used In the real-world task, An
axperimentally dete ad_sensitivity function for a particular task will

rovidae the most accurate predictions of vibration effects op that tas

o evaluate the possible effect o ven vibration epviropment on mapual

activities whep a sensitivity fupction for the task has not been
eatablished, it is recompended that a frequency weiphted rms magnitude for

tho acceleration time histo should ba calculated Figure 4 shows a

suggested vwelghting functlion for evaluating the severity of z-axis
vibration, and figure 5 shows a weighting function for wvibration in the
horizontal axes. (Details of these weightings may be found in Defence
Standard 00-970, (1985) and the current Bricish Standard (BSI 1986)).

-8 -
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Figure 4: Suggested weighting function for evaluating the severity of

vibration in the z-axis (vertical).
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Figure 5: Suggested weighting function for evaluating the severity of

vibration in the x- (fore-and-aft) and y- (lateral) axes.

-0 .



The welghting functions shown in Figures & and 5 are based on consideration
of the combined results of varlous experimental studies, They may be used
to evaluate the likely disruption to type A and type B tasks when the arm
is not supported, One method of calculation is the formula:

2
weighted r.m.s. = (f W2 (£) . Gy, (f) .df)} (2)
f

where | W(f) is the appropriate frequency weighting, and
Gy (f) and £ and £3 are defined as for equation (1)
(for these welghtings, £ is 0.5 Hz for x- and y-axis
vibration and 1.0 Hz for z-axis vibration, f3 is 80 Hz).

Figure 6 _shows an,  a’pproximate relatiopship hetween weighted rms

accaleration at the seat and the forces or displacements which mav arise at

the hapd due to wvibration breakthrou

e e e b—— A L T ©

(LN R,

15 | 43

10 | 2

Peak to peak force error at control (Kg)

Peak to peak position error at control {mm)

0 I 1 ] { 0
0 1 2 3 4

Weighted acceleration magnitude (ms"2 rms)

Figure 6: An approximate relationship between waighted r.m.s. acceleration
at the seat and the forces or displacements which may arise at the hand due

to vibration breakthrough,

- 10 -
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The relationship defined in Figure 6 will provide only an approximate
value, due to the many variables which influence breakthrough to the hand,
The absolute magnitude of breakthrough for a particular task may vary
considerably from that estimated by this procedure which should only be

usad when no other more accurate guidance is available.

Parformance disruption for many simple tasks will be linearly related to
the magnitude of breakthrough occurring at the hand (eg Lewis and Griffin,
1978a). For first and higher-order type B tasks, the form of the
relationship between weighted rms acceleration and performance will depend
upon factors including the control order, viewing distance and task
difficulty. It is not in general possible te provide precise predictions

of the amount of disruption which may oceur. Experimental results have

found that type A tasks apd simple, zero-order, type B tasks can be

digrupced 1f the weighted acceleration mapgnitude exceeds about 0.4 ms~2

rms, Some hipher-order type B tasks have besen found to be disrupted whe

tha weighted mapnitude exceeds about 1.5 ms"2 yms

2.3 Duration

The current International Standard on human respense to vibration defines a
time-dependent relationship between vibration exposure and performance (IS0
2631, 1985), Experimental evaluation, however, has shown that exposures
which equal the IS0 2631 ‘fatigue-decreased-proficiency', boundary do not
impair performance on a variety of tasks compared with performance for the
same duration without vibration (eg Guignard et al, 1976). Published data
provide little support for any single simple relationship between exposure
duration and performance (see the literature reviews by Lewis and Griffin,
1978b, Mcleod and Griffin, 1986d), The British Standard does not include a
time-dependency for effects of vibratlion on performance (BSY, 1986).

Whether a particular task will show any time-dependence in its sensitivity
to vibration mey depend upon both the task performed and the nature of the
vibration environment. The motivation and experience of subjects have also
been found to be important, Recent evidence indicates that subjects will
adapt to the length of exposure: effects of duration both with and without
vibration were reduced if subjects were exposed to the duration on more

than one occasion (Seidel et al, 1980, Mcleod and Griffin, 1986e¢).

During prolenged exposures, vibration has been found to both improve and
impair performance compared with performance without vibration, With tasks
- 11 -



which provide 1ittle motivation, vibration may act as_an arvousing stimulus

acting to counteract i{mpalrments in performance which may occur due to

fatigue, boredom or distraction, Some time-dependent effects of vibration
may not be detected by simple performance measuras. For example, In some
situatiops humans may be able te partly overcome effects of fatigue by
increasing their effort: performance may therefore not be affected. 1In
considering effects of extended vibration exposures for a real-world
environment, therefora, [t is important to consider the operators' ability
to perform the full range of tasks which may be required. Duration

effects, or thresholds for duration effects, capnot at presepnt he predicted

without evaluation of the full rapge of tasks and conditions of interest.

2.4 Other vibration variasbles

any Factor which substantially changes the transmission of vibration to the
head, shoulder or hand may alter the vibration-induced disruption of a
manual task. Changes In the performance of type A tasks will folleow

changes in transmission most closely. actors which often influenca the

transmigsion of wvibration to the body dipclude the nperators' seating,

posture, body restraints apnd arm supports,

The seat can either amplify or attenuate the transmission of vibration to
the body depending upen the frequency of wvibration and the characteristies
of the seat (Griffin, 1978a). Seats should be selected which mirimise the
effective vibration enteri the bod This may be achieved by minimising

the frequency weighted acceleration as defined in Section 2.2,

Body posture and seat harnesses may either increase or decrease the
magnitude of vibration in the bedy depending upon the frequency and axis of
the wvibration. These factors must be considered when determining the

transmission of vibration through the body.

There are conflicting experimental data on the influence of arm supports on
performance of manual tasks in vibration environments (McLeod and Griffin,
1986d). For many type A tasks Involvipng movements of the whole arm, the
provision of arm supports may be unduly restrictive, Effects of vibration

on type B tasks may be reduced by providing suitable arm supports (Torle,
1965), Arm supports which minimise the relative potion, or forces, between

the hand and_ the pivet point of the control may reduce the amplitude of

braakthrou to  the econtrol Relative motion, or forces, should be
minimised acress the entire bandwidth of the wvibration which may be
- 12 -
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encountered, For tasks performed using the thumb, providing hand grips may
minimise vibration effects, For some tasks, the provision of arm or hand

supports may impair performance in static environments by restricting
movements or causing discomfort, Careful consideration should be given to

the type of support provided,

- 13 .
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3.0 TASK VARIABLES
3.1 Type of Task

This section ocutlines theose aspects of a task which alter its sensitivity
to disruption by vibration. The guidance provided may be used to design
tasks so that any disruption due to vibration is minimised.

Type A tasks will often require the operator to make both gross positioning
movements with the unsupported hand and .arm, as well as precisely
controlled movements with the hand and fingers. Gross movements may be
expected to be disrupted by large amplitude vibration-induced movements of
the arm. These may occur with larpge vibration displacements at low
frequencies. Precise control of the hand and fingers may be disrupted by
relatively low magnitudes of vibration ({(with weighted rms accelerations
above about 0.4 ms-?) at frequencies up to above 20 Hz. To _reduce the
effects of wibyation on_a type task without alter the wvibratio

environment, it w be pecessary to reduce the transmission of vibratio

to the 1imb, redesign rhe task or reduce the precision of required
movements,

For Type B tasks, a number of variables assoclated with the contrel system
affect the sensitivity of the task to disruption by wvibration. Sections
3.2 and 3.3 discuss the Influence of these variables.

Although there is little experimental evidence available, Typn C tasks may
e acted to be relarive unaffected by vibratio Disruption to

accompanying Type A tasks, however, may cause an overall reduction in

efficlency,

3.2 System Dynamics

Each integration performed by the system dynamics halves the amplification
of contrel activity for each doubling of control output frequency.

{Zaro-order systems perform no integrations, first-order systems perform
one-integration ate). In first and higher order tasks the involuntary
movements due to vibration breakthrough, which occurs predominantly around
4 Hz, is therefore attenuated relative to voluntary movements which oceur

at much lower frequencies,

Breakthrough may produce little divect disyuption in first and hipher-erder

tasks at vibration frequencies above about 00,5 Hz (Allan et al, 1973).
- 14 -




Conplex systems are more diffiecult to control than zero-order systems,
however, and may be more sensitive to disruption arising f£from visual
interference and other mechanisms, Figure 7 shows a comparison of
performance with zero- and first-corder tasks during expesure to z-axis
sinusoidal vibration at frequencies hetween 2.5 and 12.5 Hz (Lewls, 1980).

Although the magnitude of breakthrough was very much smaller with the
first-order task than with the =zero-order task at all vibration
frequencies, the overall disruption was as great with both tasks, This was
explalned by the greater sensitivity of the first-order task to mechanisms
other than wvibration breakthrough. oy tasks volvi tracki 0

v d a collimation of the displa duce the sensitivity o

first and higher-order tasks to disruption by wvibration (McLeod, 1984),

Increasing the order of the system dynamics may introduce time lags
proportional to the frequency of respanse. Any propesed change in system
dynamics, therefore, should consider the overall performance required of

the system.

Zero Order

[}

1
1
L)

Vibration level [mls2 r.m.s.}
~)
L]

increase in r.m.s. vector error (mm)

— "
4
. First Order
0 1 j I W R TN B R | )
2 3 5 10 20

Vibration Frequency (Hz)

Figure 7: Pursuit tracking performance with zero- and first-order tasks
during exposure to sinusoidal, z-axls, whole-body vibration at frequencies
between 2.5 and 12,5 Hz (From Lewis, 1980).

- 15 -



3.3 Control Variables

A control has four relevant parameters:;
- physical shape
- location
- gain (or sensitivity), and

- whether 1t meves,

If it moves, it 1s also necessary to consider:;
- the force required to move it through a given distance,
- whether it incorporates any spring force, and

- whether it incorporates any damping force

Controls which respond only to the applied force are known as isometric
controls; those which respond to displacement are known as isotenic
controls, Pure isometric controls do not move, and pure isotonic controls
offer no resistance to movement. In practice, these extremes rarely occur.
Spring-centred controls resist movement in proportion to the displacement
of the control, and viscously damped controls resist movement in preportion
to the velocity of the contrel movement. Many controls incorporate both

spring and damping forces.

3.3.1 Sensitive axes and location

Vibration in a single axis at the seat can give rise to vibration in more
than one axis at the hand. Translational seat vibratlion can produce both
translational and rotational motion at the hand. It has therefore been
found that performance with rotary knobs may be disrupted as much as with
Joystick type controls during translational seat vibration (Lewis and
Griffin, 1977). In_all cases, the most sensitive axis of a contro] should

be orieptated so as not to correspond with thes axis of greatest vibration
breakthrough at the hapd,

Locating a control in front of the operator or at one side appears not to

affect the sensitivity of a task te vibration-induced disruption as lo Aas

suitable arm supports are provided (Levison and Houck, 1975).

3.3.2 Mechanical characteristics

Controls which respond to displacement and have stiffness less than about
0,01 kg mm~! have been shown to produce poorer performance than other types
- 16 -
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of controls in both vibration and no vibration enviromnments (eg Lewls and
Criffin, 1979). Controls which respond te the applied forece, and have
stiffness greater than about 0.7 kg mm-} have consistently produced
superior performance than other types of controls in environments without

vibration.

Figure 8 compares closed-loop human operator transfer functions from a
pursuit tracking task performed in a static environment with Isotonic,
isometric and spring-type contrels, The faster speed of response with the
isometric contrel (reduced phase lag) was attributed to the lack of
inercial resistance with this type of control, Due to thelr lack of
damping however, this ctype of control tends to be sensitive to vibration
breakthrongh and other sources of vibration-induced disruption (Allan et
al, 1973, lLevisen and Houck, 1977).

crea the sti 058 o0 ov. contrelg om_about 0.0 -l o
about 0,2 kg mm-1 has heen found to_reduce thelr sepsitivity to disruption
by vibration (Levison and Houck, 1975, Levis and Griffin, 1976). It may
therefore often be found that the optimum force-displacement

characteristics for controls for use in vibracion environments will cceur
in this reglon. Too much stiffness, however, may Induce excessive fatigue

in operators if the task 1s performed for extended durations.
3.3 G

Control gain (or sensitivity) 1is defined as the relationship between the
input to the control {eg kg or mm) and the resulting signal to which the

system dynamics respond (eg volts).

The cptimum control gain for performance in a static environment will
depend upon the range of frequencies over which the task will be performed,
If the gain is set below the optimum the operator may become excessively
fatigued through the need to exert high forces or make large movements,
Larger movements take longer to perform, and the effective response of the
operator may therefore be slower. If the control gain 1Is too high,
inadvertent movements by the operator may Introduce 'noise' into the
system, There is therefore a compromise betweern the speed and accuracy of

performance (Chapanis, 1972).

- 17 -
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Figure 8: Closed-loop human operator transfer functions from a pursuit
tracking task using isotonic, isometric and spring-type controls. No
vibration, {(From Lewis and Griffin, 1979)
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In & vibration environment, the amount of breakthrough transferred from the

! hand to the contrel will be proportional to the gain of the control,
Figure 9 shows the effect of control gain on mean-square tracking error

with an isotonlc, joystick-type control during sinugeidal z-axis whole-hody

) vibration at 4 Hz (Lewis and Griffin, 1977). Reducing the gain of the
control (from 500 to 125 mm per radian) reduced the amount of

- operagtor-generated ‘noise', or remnant, In both vibration and static
environments. With vibration, reducing the control gain also reduced the
proportion of vibration breakthrough. e_optimum contrel gein was found

to bo a2 compromise between vibration breakthrou as well pas the speed and

accuracy of performance

For a task to be performed In a vibration environment, the optimum control
gain should be determined in an environment as similar to the real-world

environmant as possible. opti control gain w often he lowey in a

vibration envirenment than without vibration.

ML i o B e e it A AR b b ea e e e s et

et

el St Lz e

e
Fl

LS L I e

Toutlotavi

EXI

L

R U

H - 19 .



Static 4Hz whole-body vibration at 0.75!\1/52 -
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Figure 9: The effect of control gain on mean square tracking error on a

pursuit tracking task with an isoronic, joystick-type, control during

sinusoidal, z-axis, whole-body vibration at 4 Hz (Lewis and Griffin, 1977).
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4,0 FURTHER READING AND BYBLIOGRAPHY

This section provides a source of reference for the designer seeking
further information. The guidance provided is based upon considaration of
more than one experimental study. It is therefore not normally pessibla to
identify a given part of the guilde with a single experiment.

TOPIC SECTION NUMBER REFERENCES
General
Mechanisms 1.2 Lewis (1980, 1981)

Lewis and Griffin (1978a,b,1979)
Mcleod (1984, 1986}

Mcleod and Griffin (1986b)
Shoenberger & Wilburn (1973)

Transmission of 1.2 Allan, Jex and Magdaleno (1973)
vibration to the hand Levison (1975)

Sengitivity functions, 2,2 Lewls (1981)

frequency weightings and Lewls and Griffin (1978a)

prediction procedures

Standards and evaluation 1.1 IS0 (1974,1978,1982, 1985)
procedures Defence Standard 00-970 (1985)
BSI (1973, 1986)

Literature reviews Lewis and Griffin (1978b)
McLeod and Griffin (1986d)

Models Lewis and Griffin (1976)
Allan, Jex and Magdaleno (1973)
Levison (1978)
McLeod (19B6)

- 21 -



TOPIC SECTION NUMBER
Vibration Varlables 2
Fraquency 2.1
Waveform 2.2
Magnitude 2.1 and
2,2
Axis 2.1
Duration 2.3
Arm supports 2.4
Seating 2.4
Posture and seat restraints 2.4
Tagk Variableg 3
System dynamics 3.2
Controel sticks 3.3

General guidance

- 22 .
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Allan, Jex and Hagdaleno (1973)
Levison and Houck (1975)

Lewis (1980, 1981)

Lewis and Griffin (197%9)
Shoenberger (1970)

McLeod and Griffin (1986a)

Levison (1975)

Lewis (1981)

Welsz, Goddard and Allen (1965)
Mcleod and Griffin (1986b)

Levison (1978)
Lewls and Griffin (1979)

Allan, Jex and Magdaleno (1973)
Levison (1976)

Shoenberger (1970)

Mcleod and Griffin (1986¢)
Seidel et al (1980)

Shoenbarger and Wilburn (1973)
Torle (1965)

Griffin (1978a)

Griffin (1978b)

Lewis (1980)
Allan, Jex and Magdaleno (1573)

Chapanis (1972)
MeCormick (1976)
Black and Moorhouse (1979)
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Location

Mechanical

characteristics

Gain

Sensitive axis

SECTION NUMBER

3.3.1

3.3.2

3.3.3

3.3.1
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Lewis and Griffin (1978a)



el

5.0 ACKNOWLEDGEMENTS

The production of these design guides was supported by the Ministry of
Defence undar Research Agreement AT/2040/0180, The authors alse wish te
acknowledge the advice of Mr Howard Du Ross (RAE, Farnborough) and Dr
Graham Barnes (Institute of Aviation Medieine, Farnborough).

- 24 -



P

mhe em M AT LD

6.0 REFERERCE

Allan R.W, Jex H.R, and Magdaleno R.E. (1973)
Manual control performance and dynamic response during sinusoidal
vibration. Areospace Medical Research Laboratory AMRL-TR-73-78,

British Standards Institute (1973)
DD23, Guide te the safety aspects of human vibration experiments.

British Scandards Institute (1986)
Guide te the evaluation of human exposure to whole-body mechanical

vibration and rapeated sheck. Draft for public comment,

Black F.T. and Moorhouse D.J. (1979)
Flying qualities design requirements for sidestick controllers,
AFFDL-TR-79-3126.

Chapanis A, (1972)

Design of Controls, Chp. 8 in 'Human Engineering Cuide to Equipment
Design'. Eds Van Cott H.P, and Kinkade R.G. US Govt. Printing 0ffice,
Washington,

Corbridge C. and Griffin M.J, (1985)

Effects of 0.5 to 10 Hz vertical vibration on discomforet, writing and
drinking tasks, Final report to ORE Committee D-160, Human Factors
Research Unit, ISVR, University of Southampton.

Defence Standard 00-970 (1985). Volume 2, Chapter 501, leaflet 100/2.
Gulde te the evaluation of human exposure to helicopter vibration.

Criffin M.J. (1%78a)
The evaluation of wvehicle vibration and seats. Applied Ergonomies 9.1
15-21.

Griffin M.J. (1978b)

The biodynamic respanse of the human body and its application to standards.
A28 in: Models and analogues for ths evaluation of human biodynamic
response, performance and protection. AGARD. Conf, proc. No, 253,

- 25 .



T e

Griffin M.J,, HelLeod R.W., Moseley M.J,, and Lewis C,H, (1986)
Whole-body wvibration and alrcrew performance, ISVR Tech. Rpt. No. 132,
University of Southampton,

International Organisation for Standardisation (1974, 1978, 1985)
150 2631, Guide for the evaluation of human exposure te whole-body

vibration.

International Standards Organisation (1982)
IS0 2631 - 1978/A) - 1982, Guide for the evaluation of human exposure to

whole-body vibration; Amendmentc 1,

International Standards Organisation (1984)
Gulde to the evaluation of human exposure to whole-body mechanical
vibration and repititious shock: revision of IS0 2631 Draft No. 5.

Committee document.

Jex H.R. and Magdaleno R.E, (1978)

Progress in measuring and modelling the effacts of low frequency vibratien
on performance,

A29 in: Models and analogues for the evaluation of human biodynamic

response, performance and protection, AGARD. Conf. proc. No, 253,

Levison W, (1975)

Effects of control stick parameters on tracking performance in a vibration
environment, 11th Annual Confarence on manual control. Ames Research
Centre, Moffettfield, Califernis.

Levison W. (1976)
Biomechanical and performance response of man in six different directional

axis vibration environments, AMRL-TR-77-71.

Levison W. (1978)
A model for human controller performance in vibration environments,
Aviat, space, Environ, Med, 49 (1) Section II 321-327.

Levison W, and Houck P. (1975)

A gulde for the design of control sticks in vibration environments.
AMRL-TR-127,

- 26 -



Lewis C.H, (1980
The interaction of control dynamics and display type with the effect of
vibration frequency on manual tracking performance. In: Proceedings of the

UK Informal Group Meeting on Human Response to Vibration, Swansea.

Lewis C.H. (1981)
A comparison of the effects of sinuscidal and random whole-bedy vibration

on manual tracking performance, In: Proceedings of the UK Informal Group

Meeting on Human Response to Vibration, Edinburgh.

Lewis C.H., and Griffin M.J. (19768)
The effects of vibration on manual control performance, Ergonomics, 19

(2), 203-216,

Lewis C.H., and Griffin M.J. (1977)
The interaction of eontrol gain and vibration with continuous manual

control performance. Journal of Sound and Vibration, 55 (4), 553-562,

Lewis C.H, and Griffin M.J. (1978a)
Predicting the effects of dual-frequency vertical vibration on continuous

manual control performance. Ergonomics, 21 (8), 637-650,

Lewis C.H. and Griffin M.J. (1978b)
A review of the effects of vibration on visual acuity and continuous manual

control, Part II: Continuous manual control. Journal of Sound and

Vibration, 56, 415-457,

Lewis C.H, and Griffin M.J. (1979)
Mechanisms of the effects of vibration frequency, level and duration on

continuous manual control performance. Ergonomles, 22 (7), 855-889,

Lovesey E.J, (1971}
An investigation into the effects of dual axis vibration, restraining

harness, visual feedback and control force on a manual positioning task,

RAE Tech. Rpt 71213 (EP588).
McCormick E.J. (1976)

Human Factors in Engineering and Design. Fourth edition. MecGraw Hill, New
York,

- 27 -



Hcleod R.W. (1984)

The effect of display collimation on performance of a complex manual
control system during vertical whole-body vibration between 2.5 and

5.0 Hz. UK Informal Group Meeting on Human Response to Vibracion,

Edinburgh.

McLeod R.W. (1986)
The effects of low frequency z-axis whole-body vibration on performance of

a complex manual control task., Ph,D, Thesis, Southampton University. In

preparation,

MclLeod R, W, and Griffin M.J. (1986a)
Complex manual contrel performance during vertical whole-body vibration

between 0.5 and 5.0 Hz. In preparation.

MclLeod R.W, and Griffin M.J, (1986b)
Performance of a complex manual control task during vertical whole-body

vibration: effects of display collimation and vibration wavaform, In

preparation,

McLeod R.W. and Griffin M.J. (1936c)
Effects of task duration and vibration on performance of a complex manual

contrel task, In preparation,

Mcleod R. W, and Griffin M.J, (19856d)
A review of the literature on the effects of translational whole-bady

vibration on manual control performance, In preparation.

Moseley M.G, and Griffin M.J. (1986)
A design pguide for wvisual displays and manual tasks 1in wvibration
oenvironments, Part I: Visual Displays. ISVR Techniecal Report No, 133,
University of Southampton, England.

Seidel H. Bastek R. Brauer D, Buchholz Ch. Heister A. Metz A-M. and Rothe
R, (1980)

On human response to prolonged repeated whole-body vibration. Ergonomics
23 (3, 191-211,

Shaenberger R.W, (1970)
Human performance as a function of direction and frequency of whole-body
vibration, AMRL-TR-70-71.

- 28 -



S

TR T i e T,

S T YO BRI e e s

Shoenherger R.W, (1874)
Mechanisws of vibration effects on aircrew performance, AGARD-CP-145,

paper Bl7,

Shoenberger R.W., and Wilburn D.C. (1973)
Tracking parformance during whole-body vibration with side-mounted and
centre-mounted control sticks., AMRL-TR-72-120,

Shurmer (1969)
Tracking performance in single and multi-axis wvibration environments.

Paper presented at E.R.S, conference,

Torle G, (1965)
Tracking performance under random acceleration: effects of control

dynamics. Ergonomics, 8, 481-486.

L=

Weisz A.2Z., Goddard C., and Allen R.W. (1965)
Human performance under randem and sinuscidal vibration, AMRL-TR-65-209,

- 20 .



APPENDICES

Al A procedure foy using the Guids

This appendix describes a procedure for applying the guide to the design of
manual tasks for vibration environments. The procedure is intended to
agslist the designer in asking appropriate questions in an appropriate
order. The information presented in the guide should help to answer the
questions, It should be clear thac for most cases this part of the guids
can only provide pgeneral Information, and will not lead to detailed
guantitative results, In particular, least 1s known about the quantitative
relationship bhetween a vibration environment and the magnitude of
performance disruption which may occur, The guide can only make a
probabiliscic statement as to whether a task is likely to be disrupted.
The designer must determine, in view of the system performance required,
the vibration enviromment to be encountered and the financial and other
constraints which may exist, whether wvibration-induced disruption of the
task will be important. If a significant vibration problem is predicted,
it is recommended that design alternatives should be evaluated in a
vibration environmment as similar to the operational environment as

pessibla,
This part of the guides may be applied In five stages:
Stage 1 ; Define tasks - Section 1

i) Determine all tasks involved, A, B or C.
i1} Identify possible mechaniams for each task,
iii) 1f any task involves the operator obtaining information
from a visual display, refer to Part I of the guide.

Stage 2 : Define the wibration environment - Section 2

i) Determine the woighted rms acceleration magnitude
in each vibration axis.
ii)} Determine the duration of task perfermance and
vibration exposure.
$i1)  Identify the variables which may alter the trans-
mission of vibration te the body, such as seating,

harnesses, arm supports, ete.
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Stage 3 Determine whether task disruption likely - Sections 2 and 3

1)

) ii)

1i1)

L

1i)

iii)

(iv)

v)
vi)

If possible obtain sensitivity functions for the

task over the range of vibration frequencies destermined
in Stage 2., Use egquation 1 teo predict task disruption.
For type A and zero-order type B tasks, 1If the
weighted magnitude exceeds about 0.4 ms-2 rms in one
or more axes, assume disruption will occur. Use

Figure 6 to relate the weighted rms to the magnitude of
breakthrough which may occur at the hand. Determine
whether performance will be acceptable by reference to
Stage 1 above,

For higher order tasks, if the weighted magnitude
exceeds about 1.2 ms*? rms in one or more axes, assume

disyuption will oceur,

Stage 4 Reduce disruption . Section 3

Reduce the vibration of the operator and the
work-station,

Provide arm-supperts or hand grips. Their suitability
requires evaluation in both static and dynamic
environments,

Alter the task variables to minimise the disruption:

eg control type, control gain, system dynamics, ete.

_accuracy of tracking, precision of writing, etc.

Alter the task demands, such as the required
accuracy of tracking, precision of writing, ete,
Redesign the task,

Accept the impaired performancea,
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A2, MODELS

Two general approaches have been made to modelling the effects of vibration
on manual control performance, Lewls and Griffin (1976) describe a
taxonomic model of the human operators' functional processes contributing
to task performance, They argue that by determining the effects of
vibration on individual processes and integrating the effects across the
range of processes involved, gross effects on a task may be predicted,
This model does not allow precise predictions of the likely effects, nor
does it indicate how effects on individual processes may combine. Howaver,

this model may be useful in identifyinpg weaknesses in proposed systems.

A nunmber of authors have proposed models of the biodynamic response of the
human bedy during vibration. These models attempt to quantify the way in
which wvibration 1s transmitted through the bhody to produce vibration
breakthrough at the contrel and interference with perceptual and motor
processes invelved in task performance. Jex and Magdaleno (1978) provided
an overview of some of these models, Such models tend to be complex and
their generality 1s limited by the number of parameters which must be
specified for each task and environement, However, they may be ugeful in
identifying the mechanical and physioclogical processes which contribute to

disruption by vibratien.

A major limitation of the mechanical models described by Jex and Magdalene
is in relating predicted body mution and centrol breakthrough to effects on
system performance, A model described by Levison (1978), attempts to
predict changes in the parameters of the Optimal Control Model of manual
control performance as a function of variables associated with both the
vibration and the control system. This model is also complex, and its
ability to predict performance has only been demonstrated for a limited

range of tasks and environments.

In common with the information provided in the body of the guide, these
quanticative approaches can only attempt to predict the performance of an
average person, Furthermore, due to the assumptions of linear behaviour
required, they are restricted to describing the performance of highly
trained and motivated operators perferming highly constrained tracking
tasks for short periods of time in idealised situations.
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