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Dieckmann (1958}
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R.R.Coermann. (1963.)
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R.R.Coermann. (1963,)
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The mecdulus of impedance of one subject at varied body

postures compared with the impedance of a pure mass (Mw). .
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Transmission Factor

2.5

R.R.Coermann. (1963.)
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The transmission of vibrations from the seat to the head
on one subject at varied body postures compared with the

‘transmission factor of a one-mass-spring system with damping.
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Coermann (1963)

Impedance Zv dynes z sec/em x 102

Frequency .Hz

Subject W.B. mass 90,000 dynés x sec/cm

- 8itting relaxed posture, recordings made at different

times,
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R.R.Coermann’ (1963)
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Edwards and Lange (1964)
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Edwards and Lange (1964)
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Impedance (1lb-sec/ins)

Krause and Lange '(1963l
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Weis, Clarke, Brinklevy and Martin (1964)
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Whittmann end Phillios (1969)
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C.W. Suggs C.F. Abrams L.F. Stikeleather(1969)
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Ashley (1970)
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A sinusoid-l volt-ge E spplied to an inductsnce.
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Point ~ Transfer Impedance
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Mechanical System. - Mobility/Impedance Diagram.
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A parallel Mechanical System
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A series Mechanical Svstem. .
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System A, Sinrele Decree .of Freedom system
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System B. Single Depree of Freedom System - with

base excitation
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System C. Single Depree of Freedom System (Displaying

resonance and anti-resnnance)-
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M. of I. and Phase Angle curves for Svstem C.
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System D._Two Degrees of Freedom system (A parallel system)
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M of I and Phase Angle curves for System E
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Pilot Study circuit diagram-— 3.
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Pilot study - 40 Kg wt on Foam cushion
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1st - Calibration of Modulus of Impedance Monitor

60 ke

950 kg

- =08 ON eWTTL

Impedance Za Kg

Erequehcy Hi,,

0%



S R
‘ 2nd - Calibration of Modulus of Impedance Monitor ' .

,{[;‘;!;‘er.,'_ e M . o
: : __ N , . |
M 60 kg weight
‘I\EMA hy, |t ‘,’::'E'.‘:l!:v!"\l)}« . ' .
60 ,{; )
1e
8

e ' 40 kg weight

— 8 oF 59T
Impedance Za Kg

P

,,/—’,"4—7
et T s

Fréquency Hz.

Ivd




Calibration of Phase Angle Monitor

}:? § 30 %WMM — RSN R
R
g} [+
o Q
- 2 .
o8 |
g <
N ’ % 90 A;A'AAA' - A g P i > — e —
E . .
A 120 _Wm ——— e e e - —
150 —}'Mﬁﬂl e A A e et e — S e
180 L. e — ' P _
3 5 7. 1o 15 ' o) 25 3

Frequency Hz. A _
. ‘ 2




Note on Ficures Ho. 83 to 160

Figures Ho. 83 to No. 160  are the plots actually
obtained from the x-y plotter during the experimental
programme. The modulus of impedance values given on the
impedance axis are however only correct at 15 Hz and not over
the entirg frecuency range due to'the.non-linea?ity on the
response of the monitoring system. On_the phase zngle plots
the values given on the phase angle axis are .correct for the

entire freguency range of 3 - 30 Hz.
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MODULUS OF IMPEDANCE RESULTS FOR
FEMALE SUBJECTS

SITTING ERECT POSTURE
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PHASE ANGLE RESULTS FOR -

FEMALE SUBJECTS

SITTING ERECT POSTURE
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MODULUS OF IMPEDANCE RESULTS FOR
FEMALE SUBJECTS

SITTING RELAXED POSTURE
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%HASE ANGLE RESULTS FOR

FEMALE SUBJECTS

SITTING RELAXED POSTURE
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MODULUS OF IMPEDANCE RESULTS FOR

MALE SUBJECTS®

SITTING ERECT POSTURE
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Note on Ficures No. 161 to Ho. 179

Figures No. 161 to No. 179 - . are the modulus of
impedance (écceieration based), drawn from the tabulated results
on a linear scale. The. mean valueé with * and - one standard

_4 aeviation are also shdﬁn, these teing obtained from the

statisticaily processed results. (Section B - 9.1).

330-A



L

g
W,_ -

'

m

]

.
[ le

|

I

|
| _

{
| 5

Ve

4
/7 1o
/! B
o/ [~
W4 -0
£ \
| _ o

- T
///, \‘.\\a\\. ~
a//l -<$
X, -~
\.
N, . o
\. -
\

T T =1 § T T T 1 T o

g & = 8 R’ 8 & & 2

8y vz odougpaduy JO SUINPOY

Figure No1 61 F1 E and R.

-

Frequency Hz




1004
80 .

30 J

) ’
o Q
=~ O

. 1
3y vz odouepaduwl JO snInpop

vt @ et Gy s n wvean g

—
':—*‘ﬂ
~/

Q Srmnes @ Semes § et @ T ) S g
. iy m— — emmemm

JFrequency Hz

1o

20 J
10 4

Figure No.162F2 E and R.




|
004 | | | ' - ) o ' l
90 . ‘

80 4

"y pus § TH €9 FroN exnsty

50 ' VoA

40 . . \ °\

Modulus ‘of Impedance Za Kg
/

. ~
20 J \\ -

10 . T i ot .t ot B e D e W s e SO iy gy Son P T

Frequency Hz.




§y w7 e@duspaduly JOo SUTNPOY

Fioure-No. 16 M2' E and R

-

W ¢

.

]
_.‘ -

1
!

N
[@]
ey
-
/ T

.
7 O
27
!\\\ -
oy e B
\““\\‘ O
" L
r— <
S i
./o .
N\ o
\

i e ¢ & ¢ % ¢ & ® 9 |,

y Hz.

-

Freaquenc



L s PV R S

b

Sy BZ @duepacul JO SNTNPOY

Fioure No.165 M3 E and R.

/
| ]
.l
/ s
. /7
a4 i
< s
7
J 7 I
\\ \
{

I E

[/ -

/

. \\\ .0

~° / _

7 /

e _ - - 0

e R
- <t

l»/u

S N
b//../ o

N "

 § t - T /- ..- - m 1

m &K 3 <3 3 ey g =3 & = ©

Frequency Hz

338




m

a
h L

\._
o .

(!
“ PRI

R
Iy L

/|
St

. / I
\b \ -

. Prd
. \\ [

A
/ o
- /
.\\\ _
e ©
o i
. ~
— - .0
,\-\\\\\ B
7

C _« =
N / unl
T d 3 F 3 & % & & 3@ -

8y ez odouepaduwy JO suTNpoK

Figure No.4 g 64 E and R.

336

Frequency Hz



337

j =
. 0~ - anu
\\ =
- pu m
\ \ 5
o / . m
fxy
( 7 .
* /7

/7 B
o / _
s .
s
o 7 n
\Q\ ~
'S \\\ N
‘o -
.\\I\ -
d
S .
N
lo/ B
|
N
0— i ) \ T ”- T ] 7 J Py
g & 8 2 8 & § 8 8§ =2

8y BZ @dourpaduy JO SUTNPOR

Fizure Nn.4 @ ?M5 E 2nd R.




| A
i
o
N
[
i
* -
_
— pom
|
“ / -
.\.
of
j l
I
. y i
Ny
yZ4
. \u i
s
e -
S .
\a\\
/- | o
o -
2
(& ~
-//Q/ ' |
) 1191//
./} bty
N
. 0/\ L.
T // T T T T T X
¢ & 8 =& 8 & ¢ & & =& [
~t

8y vZ souepaduy Jo snInpoy

Figure No4 @ 8M6 E and R

Frequency Hz

338




8y ez 9ouepsaduy jo SNINPo K

Ficure No.4 69 M7 E and R

‘%
\._
—\u .
N o b
_ |1
[V
m _
N
o
| R
' N
\ 2
¢ [
( /
- o \ »
..\ /
\ 4 ¢ )
. / ' i
\.\ 4
. , o
sy, -
e »
. \‘ \
. : \0\0 A -0
« —"* )
\..\\ / -
\.
o\.o\.i . \\\ B
/ — - R
. .\\tl\
./a \‘\I\\\\l\ B
Alﬂ. -
/k-./ ‘2
N~
'~
, /..// B
SN
N\
T ¥ T T ] I | R i |
g & 8 & 8 R 8§ & & = °

Frequency Hz




| =
N,
| o [
|
V)T
AVES
vl
o\A
/v
]
/ _
||
\o ’ -
_
\ los
. /
/ / i
1 /
/7
/7 |
/ g
f. 7 N
Vi o
/i
7 -
.l\.\\.\\\.\\\\\.\ -0
tl\tl!\\dll\ . s
.\-\'l\ \\\ =
( \\\\ o
o /\\\\\ ‘
/o//./
~, -
ﬁ/// i
m mm onw. : _AN. ,w. _muz_ m.. 8 o o

Sy vy oouspaduy Jo SOTOpol

Figure No.4 7 OM8 E and R

Frequency Hz

346



w_ —&
o | 3
{
VL
.”‘
-
\N_
. \Q =
._v
IyoLg
.‘5 i
) !
° \ o
/! .
. \ =~
. \
/ ==
-\ :
e ]
- A L O
0\\.\
.\ g
R L ©
0\ \\\ l..
/. 7 \..,.
o/o..m <
/o/ \.
//Q// j OV
./' »
T T ./. T Y : T T
g & 8 & 8 R 8§ & 8 =3 °

9y w7 eouspaduy JO SUTOPOK

Ficure Nod 71 MO E and R

Erequenéy He

341



. c
L
e
[
Ry -
)|
\I ;
. \
Voor
-
{ <
._ R
[
i/
Rys B
R
V7ol -
1% .
T
.\h =
.\\
/
S s
o\\ -
.\ K -0
. vt )
\\n\o\ Q\\\o - \rO
< ‘
//\0/0/ <
S0 i
N /. N
\ i
! ; ! T ¥ T |
g s ® & R € & & g >

3y ®vZ oouspadwy Jo suInpoi

Figure No.{ % 2 M10 E and R.

Frequeney Hz'




343

N\” =3
| 8
ﬂ
_ _N., )
_ _._
[ _ A
P
[ _
o\
.\_ UL
/|
. [ B
Iy
| .~ A
EEREN
/. N &
o\ | \\ I
; 7/
s/ =
/-
-.\o\». / |8
.\ i
.\ _7 -
” - .
s - o
.\/\ »
VN, . <t
NN, B
N o ./. N
~, ]
N\
T 3 ] ] Y ) ] ) []
m 8 =3 N K 4 & & S ©

8y e7 oo:mme.EH Jo suinpoy

’

Ficure Noq ¥ 3 M11 E and R.

<




20

S #

I

. / ! 2
[ 4 \ - m

[ / 2

Pl
7~
a / =
. /
\.. / -
D / -
l\.\t \ [~
— . ~
el - - L. O
\.wn..\. - B
N\ ///./0 — <t

100
20
80 |
70 |
60
50 |
40
30
20
10 _|

3y ey mocmvaEH Jo smynpoy

Firure zoh_..dhvpm. E and R




Sy e7 oouspadw] JO SUINPO}

Figure No.1 75 M14 E and R

(o]
Y
RIS
_.
Lo
,.\
L
|
fo|L
‘|
|
.
y =
1
/1 -
/!
. / \\ I
o\ s
. b I
v
7
7 -
/]
i "
Vi 1
..\\ - - 00
.\ \ -
\.\..\\\ 20
\“.\\\.\\ L
A N
.
N =
.//./ a3\
AUAN
/./ =
] ) /_ ] ¥ ¥ ¥
8 3 T 8 & § & 8 73 °

Frequency Haz

3485




100
90
80-

e Y,
\c\o\ \\\
—" -
{ .=~
S,
AN
AN
/. .
/
\ .
1 | ¥ ] 1 O— 0_
=3 3 K g & 8 S

8y vz eouepaduy Jo ws,ﬂs.vozf

Figure NoJ 7 6M15 E and R.

Frequency Hz




et & ca § wmowe A T—— y agee |

1o

',z'*o

100

8 & 8 & g8 8

20
10

. .. . ‘
— 3y 87 odouepaduly Jo ~SNINPOR

Mean value for 14 male subjects mwm&wsm erect + and -
one standard deviation

Figure No. 1 %%

Krequency Hz.

=

~1




348

1 "'ég—” Mi“”

~
\\::
~
~
:
Firequency_Hz

/ /) s

\\\\ \ B
/ /7

/ -9
o)
—~ O
<
.y
i©

20 -
10 A

100
0

Jﬂﬂlﬂq@uﬁﬂaﬁ%ﬁ%&.

Mean value of 14 male subjects sitting relaxed + and - one
standard déviation

Figure No. 178




. 349

R
I 5
il
Lo
i
4
T
|
[
it s
ol .N
|
r
|

13

~

~
Frequency Hz

1004
90

80 |
70-
60
20+
40 -
30 .
20 J
10
o

1
8y 87 sotepadWif Jo SOLOPOR

Mean values for-14 male subjects sitting erect and relaxed

Figure No. 179




I
P
5 :
® o \\ : ,_—c—"‘“'—‘-—_'~~--
= éo NN, ' R -— -
}3' < -&)‘ \\ ‘x‘—-::w:,___..
m' 3 \\-~ * ..,—;-:’,‘[_“bt ) .\‘..‘_ "*"“"l\
?xj 'g -96 %= = e N . o o .
s 99

':‘ -126-
=
g
[o N}
w0 .

- 1564

-180 : ; R .

l l . - ’ - S ——t - e bemge -
o 3 5 7 1o 15 30 % _ T

Frequency Hz.

RS




y pus g - 33'[8]:-'01\1 ER R

'%:9 \\’ ,————-'—§\‘_—-——‘*__._—___—-Q———
’ b wEsmasty
EELE BN e T —
g \:‘ . ,—"*‘4—" \0\._‘_;-‘\»~._‘
g "90 -\\\;T’./
*-120
- 150 _
-180 i 1 | | 1 1 21 3b
0 3 5 7 10 15 20 P

Frequency Hz

Gt




d Pus g - THT 8 ToN 2andtg

Za

[o]

Phasig Angle

\
\
\ P
- g . : f
30 —"—_—-—‘—'~_—-—-——¢—.;.y
g ———  amemm—— & — o mn |
// o — " - :
B\_ —_— - ./v/ ' .
. DN vy g
- 60—
-9
-120_]
- 150
-180 I ' e R : [' e -
0 D 10 - 15 20 25 30

Frequency Hz

g8e



¥ Pus 3-2WE 8 T ON 2andty
Phase Angle

Za

\

‘\
\
v

"%q ‘\ .
\\
\,
60.. \\‘\\ ”’__‘_’_,—"“——-\\“\
- N - ' o L - o _~‘-—§
.\\ (/;_—';-ﬁ_.____,/ — S e ¢ g | e -—q"’-.\:‘-—.———_
- i . S | e 8 G—
=120+
~150,
M l T ; 1 e ey
ol 3 5 7 10 15 20 25 30.

Rrequency Hz

ot




©~ o 8T3uy aseyg

Figure Noj § 4M3 - E and R

[
N .‘ R
I
oo
. ‘
{
,_ _
PR .IR/
{ | o
{ .
I
e
.
—-
v .
\ { -
%
N _—
—l
o
\\
W\
,,/. Lo
,,/1_
‘.
,,/
L]
)
“.\. -2
|
'
A I
v A
\\\\ i
v -
. Z | B
_\.\\ [ l d Q d o
© & - 8 & § - -
i | | ﬂ_ t \

Rrequency Hz.




4 pus g - NG 8 ToN sandtyg

Za

o

Phase Angle

=30 \ ___-—“‘--‘—--——
‘\ ".—’—’—- § oS A e ¢ SIS SR
M "’--—— .——\'—-~"——
-—” ' ) — 0 ,l’
. Ne=o = S =2 = .
-60 _|
-9 i
—-12Q]
-150
-l 1 — T T T [
0 7 10 15 20 25 30

Erequency Hz




- 60 T~ —

Y PUB T - QUG 8 FON oI5 Ty
Phase Angle °

- 1504

- 180 _ : : 2

Ergquency Hz _ . : _ W




Frequency Hz

&
i

o o.ﬁmﬁ.« “asuyyd

Figure No3 8 VM7 - E and R




30

23

20

iy

10

o

8

i
i

-150

Erequency Hz

L

358

- 180

°r . oT8uy osuud

‘ Figure Noq4 g8M8 - E and R




ypue § - 668 ToN ean3t1g
'Phase Angle °
|
3

Za

—180

L)~

|

1 0 15 20

Freqqongy Hz

[




SN N— »..__' ."......._. _,r___..____._._._. [OURES——
30

‘ .
| | a
r
— .
o w
1 ' ”
o R
\ . ~&
v
- .
b
S
v
\ :
! o
v
- ‘ Y
N
\
|
\
\ ﬂ iy
V)
: ,A /
\ ,
\
|
\ o
/
/)
Y
A -~
o
4 / L~
. /
.\\\\ b o
T :
| g Z I
& 3 & Y " |
! ¢ vt ( :

YZ o ©oT8uy estyqd

" Figure No1 9@ M10 - E and R

Erequency Hz



g pue @ - ZTAF 6 Foy eam8td

Zo

o

Phase Angle

“
?

2

‘ .

S SNED  umy - . —

— 120

- 156+

- 2 OnN

* Frequency Hz




d

>
¥

-

H pue g - GING G FoN e-}m’

0- a
\
A\
YN\
N
~3 \ —
o \3;——\‘*_ ' //’
i TR TI o
<'~‘_ .~O-O.—-o-.‘.—~.--
g)) w— TGS B D 6 Cm—n O Sty P pemmn @ oy ©®  V— O
8 -9
o9
=120
-150
oL 3 > 7 10 15 20 25 30

[Frequency Hz

o8




T
15

&
_

Q
s}
!

=120

g
)
T

-180

.d.N soaafeq a18uy assyd .

mez value for 11 male mcgmoﬁm sitting erect + and - one
mam:amud deviation

| Figure N0.193

Frequency Hz

363




-150
-18Q

A7 seauxdaq o13uy osBUg

Mean value for 11 male subjects sittihg'felaxed + and -
one standard deviation.

Fipure No194

' Frequency Hz




»

30

25

- - —__———“
__‘—_—.-——o.—-—“—

{ |
I f
v,
v\
PG - &
R K
v\ o
* \ ’ C B
v S m
A B
\ IRV
\ -k

i

Lo K — 3 S o, P oen 85—

Ne]
—
/)
. ! , b
Py . .
. Pl :
VN : :
- \\ rls
\\ .
. .\\ ’ =N\
7 7 T T T
o
M \O O ~ - ~
. ' it 1 ' 1

VA ‘seaadeq erduy sseyd

Nean values for 11 nmale subjects sitting erect and relaxed

Figure- H.ao. 195




— . . ) . o

96 °N SINIT g

.2——

L1

LR DU R

. 9 10 | 12

Erect Posture

b

Frequency Hz,

p

[::] Ratio Std. Deviation. / Mean of Mod. of Imp. .

l:j Ratio Std. Deviation. / Mean of(M. of I./ .

e A e+ e

[ SR

18

20

22

ol

26

28

30

Sub. Sitting Wt.)

ERERY




Relaxed Posture ' _ S

[ | Ratio s5td. Deviation. / Mean of Mod. of Imp.
'] Ratio - Sta. Deviation. / Mean of(M. of I./
. - Sub. Sitting Wt.)

Ratio .- .3 = S T O O O I ’ S

¥ —~
(S.D.) . ’ p— . NE ._ . - '—— .
(MEAN) - . , _—1 ‘ HIE : RN
v — .’l '
!} ; i p
02 - 1[——1 { '; ; 3
.Iv- ['_—“ ""{"-— ; ¥ *
- mI r [ ‘ n 3 1 :
2 BEAES ) |
g S O I R
. 7 | “ T
=3 i A: ' t § ; ' " t
d=) ; i -
'\1 4 *u«;_ PN IRV [EUROS DY FUR VI LI B —_— Cf et e F - -
o'!3 L 5 6 7 8 9'10 '12 "1k '16 " 18 ‘20 M 22'2h 126 128 1 30

Frequency Hz.

L9E




Kg.

Modulus of Impedance  Za

KXg.

Modulus of Impedance Za

go
70
60

50
40
30

20

10

80
70
60

50 .
o)

30

20

10

3686

Erect Posture

F1
—-—F2
\3
\/ \r
iz T. . . . - - 72 =M (F2)
Z =M (F1)
ey g —p—
Y Y T ¥ 1 T Y 'r R | — T ) T Y T
2 L 6 8 10 12 14 16 18 20 22 2 26 28 30
Frequency Hz.
Values for Fl1 end F2.
Q.
zZ=M
i
L ¥ ¥ | S LS L] T  § ¥ ] ¥ L 4 ¥ ¥ | 3
2 L 6 8 10 12 14 16 18 20 22 24 26

Frequency Hz.

Mern vrlueifor Fl and F2,

168




3GS

Relaxed Posture

80

| _— F1
70 . . —~-— F2

60

Kg.

Za

50

. - - —  Z = M(F2)

Lo . .
) Z = M(F1)
30

.20

Modulus of Impedance

10

T T T T T T L T 1 H T i 1 i i

0 2 4 6 8 10 12 14 16 18 20 22 2k 26 28 30

Frequency Hz.

Values for Fl and F2.

g0 -
70
60

20 1

30

20

Modulus of Impedance Za Kg.
i
O
N
]
=

10

. | T T 1 T T T T ¥ T T T r— %

0 2 b 6.8 10 12 1b 16 18 20 =22 24 26 28 30

Frequency Hz.

Mean value for F1 and F2. Eigﬁre No. 189




Impedance Modulus - Zv

Dynes*s‘ec/ cm*106< -

2.5

2.0

105
1.0

.5

ERECT POSTURE

v = Mw

T T T T i T T T T T 1 T T T T
2 L 6 8 10 12 1L 16 18 20 22 24 26 28 30

Frequency Hz.

RELAXED POSTURE

ng Mw

T T i ¥ T T i T T T ¥ I L ]
10 12 1 16 18 20 22 o 26 28 30

Frequency Hz.

. The mean values for two Female subjects.

Figure No, 200



Kg.

Impedance Za

Kg.

Impedance Za

90
80

70
- 60

S0

Lo

30

20

10

90

80

T0
60

50

Lo

50.

20

10

Erect Posture. §

371

R V. ] e
[N
AN
\. \\\ \\'
~ .. .
FEN \.“‘\:‘\'
~ e
NN
.
\’ \\\\\' —_— -
-~ \"\\——;::" — ey e T e
— et e e e et e
T e pos— a— — o o
T T T T 7 T T T T T ¥ T T T T

2 4L 6 8 10 12 14 16 18 20 22 24
Frequency Hz.

Relaxed -Posture .

-
-
-

i T T ‘l— T ¥ T

2 4 6 8 10 12.1s 16 18 20 oo o
. Frequency Hz.

.
The mearn values of the Modulus of Impedance for 14 Male subjects,

with + and - 1 Standard Deviation shown on the graphs.

Figure No. 20 1




10

Kg

Impédance Za

Kg

Impedance Za

80

60

50
Lo

30

20

10

80

70
60

50
)

30

20

10

€2
-3
&3

Erect Posture. !

L T T T T T T 4 ¥ v T J J
c 2 L 6 8 10 12 14 16 18 20 22 2k 26. 28 30
' Frequency Hz. '

Relaked Posture.

e A ————

! T ] f T ¥ T ) .| ¥ T T 1 T T

0 2 L 6 8 '10 12 1+ 16 18 20 22 24 26 28 30
Frequency Hz.

The mean values of the Modulus of Impedance for 14 Male subjects.

f‘igure No. 202

o L - o —




-}
o :}’ o

§
Erect Posture.
: Zv='Mw
3,0.. .
B I,r\\\
2'5 e ) / \\\’/“\,\ -
2.0 . ! - : ‘—“\\ "/’
i A \ -
7 N ™ " e - e - = N e - -
, ’ \\ /
1.5 - T - NMa
VA . B S e . . : - --"
l-o_ !/ . i R Ee S
0
g 5
g
Q
~ )
o — T 1 T T T T T 1 T T T
b 0 - 2 Y 6 8 10 12 1k .16 18 20 22 2k 26 28 30
K .
v : . .
< Frequency Hz.
Q.
. Rélaxed Posture.’
. ,
LS .
v
QO
S
o
o
0 o
E Zv= Mw
~
o
3 20 , | |
"é 2.0 // \\\ : .”’
[e] - / N\ LN - i -7
- E: / ~ - \.—/ \\ //
[l l- . \\ ’/’
1 5 iy /I ’, \s_,'z RN \\‘ _________ "—”
l// ) \\/- . -
1.0 _ 'y \\\ ) - -7
Y/ ~ ,_.__—J .
~ -
.5 7 T
¥ ] T T T ] T T T Y T T T T T
0 2 L 6 8 10 12 1h 16 18 20 22 2L 26 28 30

Frequency Hz.

The mean values of the Modulus'of Impedance for 1k ¥ale subjects,
with + and - 1 Standar¢ Deviation shown on the graphs.

"Figure No. 203




Impedance Modulus Zv 1b-sec/ft.

200

180"

160

1ko

- 120

100
80
60
1}0.

20

/‘l
/o
. \'
/ ~ o o
Y 2gaRN .
. \ )
N
\‘
N~ ——
\\_____,/’/ ~N
N
N o —_ -7~
/
! | | i { R ! I T I |
1 2 3 b 5 6 7 8 9 10 12
Frequency Hz.
_____ Relaxed Posture ¢

Erect Posture

The mean values of 14 Male subjects.

Flgure No. 2 04

4}

-2
Frrey



ERECT POSTURE -Female subjects F1 and F2.

Frequency Hz.

1k

0.
- 10
- 20
- 30
-
N
- o —Lo
v
a
w ~ 50
o
A
- 60
o
&
£-10
)
n o
& - 80
oy
-90
-~ 100
-110 -
-~120
T ) i 1 1 T T v ¥ 1 5§ Y T R
0 2 4 6 8 10 12 14 16 18 20 22 2h 26 28 30
Frequency Hz. '
ERECT POSTURE- Mean vzlue for subjects F1 and F2.
¢ -
N
o -lo
o
&
g =%
-
w — 60
<]
<
o -T0
[ 4]
&
a -80
~ 90 1
~ 100 -
. -110 |
— 120
. ¥ ] 4 T T ] T Y T T ¥ T 1 o —
0 2 L 6 8 10 12 16 18 20 22

2y 26 28 30

Figurd No. 205



Za,
.
W

o

!
=
O

t
\N
o

Phase Angle Degreés. '
{
-'q o
‘o o

t
@
(@]

i

RELAXED POSTURE - Female subjects F1 and F2.
3

Fl

Frequency Hz.

T T

RELAXED POSTURE - Mean value for subjects Fl and F2.

T T T T | S —
8 10 12 1v 16 18 20 22 24 26 28 30

v I
2 L
Frequency Hz.

6

V4

! 1 T I T T i
8 10 12 1k 16 18 20 22 24 26 28 3
‘ S Figure No. 206

—
0

~J
v}



3¢Y

Efect Posture i

Phase Angle Degrees.

0 > 4L 6 8 10 12 1k 16 18 20 22 2k 26 28 30

Frequency Hz.

J Rélaxed Posture

10

20

30

40
50
60

Phase Angle Dégrees.

70
80 4

[ ] [ ] [ ] T T T T i T L] T ¥ L) 1 ¥

0o - 2 L 6 8 10 12 14 16 18 20 22 24 26 28 30

' Frequenéy Hz,

The mean values of the Phase angle for 1} Male subjects,
with 4and - 1 Standard Deviation shown on the graphs.

Figure No, 20%




Za

Za

Phase Angle- Degrees.

Phase Angle Degrees.

! [ -
ny | g
o (o]

f (
=W
o O

-~ 50

- 70

- 80

-10

- 20

-30
-ko

- 50

~ 60 .

~ 70
- 80

- 90

Erect Posture

Frequency Hz.

The mean values of the Phase angle for 1% Male subjects.

Figure No. 208

AN
1\
\,
\,
N
\
\ R
- ./'/
\\ : T T T ‘
T — /—‘\‘.’_,/
4
] L] .l - ¥ T ¥ l‘ | v T ™ T L] T T
2 4 6 8 10 12 14 16 18 20 =22 24 26 28 30
Frequency Hz.
] Relaxed Posture
= e - — -
L
\
\
\
\
\
\
\
\
\ e
\ —-—-—
\ -
AN -~
\\ | ,
N . P4
N7 ~o-7
] ) i L} 1 ! V L] { i i T 1 T |
2 L 6 8 10 12 1 16 18 20 22 24 26 28 30




Modulus of ,Impedance Za Kg

Comparison of Male with Female subjects.

Erect Posture

6 Male

6 - Female |

Za =MNf

———
'~‘——..—"‘“§

803

4 b 8 10 12 14 16 18 2o 22 '2426"28 B0

Frequency Hz

Relaxed Posture

Modulus of Impedance Za Kg

Za = Mf

o 1z 1z 16 Hs P0o 22 ba 36 28 D

Frequency Hz

Ficure No. 2 09




Impedance Modulus - Zv

-Dynes*sec / cm*106

. 38

Comparison of Male with Female subjects,

" ERECT POSTURE

Zv'a'th o

3.0
2.5
2.0 L
1.5 e
1.0
.5
] T ] T T ¥ T T _l. Y T Y 4 T |
0 2 Lk 6 8 10 12 1% 16 18 20 22 24 26 28 30
Frequency Hz.
~ RELAXED POSTURE
3.0
2.5
2.0
.
et
105 . 8 ) ,/
B . -
10 I :—;:/
.5 '
v T Y T T T T T
0 ‘2 4 6 8 10 12 1+ 16 18 20 22 2+ 26 28 30

o* 0

Frequency Hz.

Mean- values._for Fl and F2.

Mean values for 1h Male subjects.

Figure Ne,' 210



’

EN

- Phase Angle Degrees.

Phase Angle Degrees._.

o

\
=
o

]
n
o

\ {
£ LW
o 'O

| !
o\ '\
(@] (@]

|
o~
O

- 80

|
\O
. O

-100
-110

—120

Comparison of Msle with Femnle subjeéts.
' ERECT POSTURE

6 Male
d

Female o |

5

- 50
- 60
_.70

- 80

¥

2

{ ] ! i L ¥ T i T 1 ' T ! 4

b 6 8 10 12 14 16 18 20 22 24 26 28 30

Fre'quency Hz.

RELAXED POSTURE

0

2

Frequency Hz.

T

N

1 T T T T T T )

T {
14 16 18 20 22 24 26
' Figure No. 211

1 ¥

28

o
o)




»

- o
3
t Lo ro
- -0 0 va
Iy “g
I L8
e —
—u\ “R
®
[ 8 E
u . ©
[ = £ 2
1 ¥ I <
m L
I ] ~ 1N\
| o o
\ | |
]
]
|
\
A
! (@]
{ -
{
1
\
\
. \
\
\
’ I.Vw
\
\
i
|}
1
1 {x
. J
-X
Iyt lmw
! k
\
T
A
»
}
>
[
» | o
A i
L T
|
. N
s i ) ] ] | 1 w
(o] (@] (@]
R 8 & 8§ K &
' i 1 J_ J. I

‘w7z *s9a13eg ST3uy sseyd

Comparison of M7 end M8 sitting relaxed to mean value

for 11 male subjects.

Figure No. 234

Frequency Hz,




Modulus of Impedance Za Kg

Modulus of Impedance - Za Kg

80

-

. - I

. 382

ERECT- _POSTURE

\

RELAXED POSTURE

____/

I 6 4 o I T "6 Is 20 22 24 26 28. %

N

The mean values of three male subjects, M1, M2 and M3

| Figure No. 212




Moéulus' of Impedance Z,

Dynes x sec/em x 100

ERECT _POSTURS

3

2.5]

2-ql
1.5
1-Q

2 4 6 8 1o 12 14 16 18 20 22 24

Frequéncy Hz

RELAZXED POSTURE

26 28

%

K,

2 4 &6 8 o 1z 14 16 18 20 22 24
| Frequency Hz

The mean values of three male subject, M1, M2 and M3

Figure No. 213

26 28

383




FRECT POSTURE

—~10 4

-50]

-1
3

Phase Angle Degrees Zg
\
I
D

- 804
) B B
ol 2 4 6 & o1 14 Jgi8 o 228 % 28 P
N Frequency Hz
RELAXED _POSTURE
0

=204

-30-

-404

Phase Angle Degrees

10 12 1a 16 18 20 22 22 26 28 %

o
-
N
Ot
o]

Frequency Hz

T.he mean values of three male subjects, M1, ¥2 and M3.

Figure No. 214




Kg.

Za

Modulus -of Impedance Za

. Phase Angle Degrees.

80

70

60'

50
ko

20

10

Tracking v ¢

v
R

L L 1 | 1] | y 11 ' ¥ 1]

T T L T
2 .h 6 g 10 12 14 1 18 20 22 24 26 28 30

Frequency Hz.

T T T T T T 1 [ ¥ T 4 T T 1 )

2 4 6 8 10 12 1h 16 18 20 22 2 26 - 28 30

Frequency Hz.

The mean values of three male subjects - M1,M2 and M3.

Figﬁre No.215




=
o

[SYREREY
O W\

Dynes*sec/Cm*lOG

o
o \n

=
-
i

L
o

L]
A LI

Modulus of Impedance

(@]

100
90
80

.70
60

50
RT6)

Degrees, IZQ

30
20

10

Phase Angle

Iracking ,

386

T 1 T 1 I 1 ¥ ) 1) L ) )

2 Ly 6 8 10 12 1k

Frequency Hz.

‘16 18 20 22 24

i 1] {

26 28 30

=T T T T T T T T T T T T

2 Yy 6 8 10 12 14 16 18 20 22 24
Frequency Hz.

The mean values of three subjects - M1,M2 and M3.

Figure;- No.216

T 1 '

26 28 30




110 _4

100 4

Kg.

80 4

" Standing Erect.

70

50

Moduius of Ifnpedance Za

20

10

60 4+

o

5 .

|
[
o

Degrees. Za
1 1 1
\N = N
o O o)

Phase Anglé
1
(o3
S

T T T T T T T T ¥ T T T T T T

2 4 6 8 10 12 1 16 18 20 22 24 26 28 30

Frequency Hz.

'16«.. ]'.8 2(') 22 24 26 28 30

n 4
£
Oy
oo
5

* 12 1L
Frequency Hz.

The mean values for two male subjects - M1 and M2.

Figure No.. 217




3

Modulus of Impedance Zv Dynes*sec/Cm*10

;ZK/

Phase Angle

Degrees

-10

4.0

3.5 ]

2.5 n

2‘0

1.5

1.0

3.0

. 388

Standing Erect

o
o

50
| To]
30

20

10

¥ T T 7 1 LI ¥ i ¥ ] 1 ¥ i J L]

2 % 6 8 10 12 14 16 18 20 22 24 26 28 30

Frequency Hz.

2 L 6 8 10 12 14

16 18 20 22 2k 26 28 30

Frequency Hz.

The mean values for two male subjects - M1 and M2,

Figure No. 218




Zy = Mw

M1
M2

—  wm——— — - S—

00

-

~0J

9Ot X uo /098 ¥ soukq - A7 oouspaduy jo smnyupoy

Standing Erect M1 and M2

Figure No. 219

" Frequency Hz

389




- : ‘ . 388
Standing Relaxed

Kg.

Modulus of Impedance Za

T T T T T T T T - ! L T 4 J ¥ J

0 2 4 6 8 10 12 1+ 16 18 20 22 ok 26 28 30

Frequency Hz.

Za,

Degrees.

Phase -Angle

o . 2 L 6 8 10 12 14 .16 18 20 22 24 26 28 30

‘Frequency Hz.

|
The mean values for two male subjects - M1 and M2.

Figure Ne. 230




Modulus of Impedance Zv Dynes*sec/Cm*lO

Phase Angle Degrees.

h.0

5.5

51.0 .

2.5
2.0

I.5

Standing Relaxed

382

1 L ] i L] J T

LA LI !
10 12 14 16 18 20 22 24

.
o
(o]

Frequency Hz.

26

T T
28 30

L 6 8 10 12 14 16 18 20 22 24
Frequency- Hz,

The mean values for two male subjects - M1 and M2.

Figure No. 221

28

30



Ekpected plot

M1
M2
for M2

- B Taets © Vtne § S————
gn—

~ <

gOT X wa/098 X soulq 7 oouspaduy Jo SUINPOR
Standing Relaxed M1 and M2

Fieure No. w 22

Frequency Hz.




80
T0

€0

Kg.

ko

30

20

Modulus of Impedance Za
o

(
[ ot
o

|
n
o

Za
!
3

« =~h0O
)]

o

§ —50
U
A
o - 60
g
< —-T0
1
E -80
oy

L 6 8 10 1é 14 ;6 18 20 22 24k 26 28 30

Frequency Hz.

——— Up - 3 to 30 Hz.

— Down - 30 to 3 Hz.

T T T T T T 1 T Y T T T T T

4 6 8 10 12 14 16 18 20 22 24 26 28 30

Frequency Hz.

'Thé valdes for one male subject - Ml.

Figure No. 223

o - P . - P - P M ) _}



3.0

2.5
2.0

l‘o o

1.0

-
-
-

T ¥ T T T T T T T

ol 2 h 6 8 10 12 1k 16 18 20 22 2b 26 28 30

Modulus ‘of Impedance Zv Dynes_s*sec/Cm*lOG

Frequency Hz.

90 S I —m
80

10,

Zy
U o
o (@]
' I
/ \ —

Bl - \
A \
30 \
,_:_fb !
g20 | J
g
[ ]
&

=
o o

i
| e

] L ' T T ] 1 1 T 1 ] T T T T

0 2 i 6 8 10 12 14 16 18 20 22 24 26 28 30

Frequency Hz.,

The values for one male subject - Ml.

Figure No. 224



=X~
30

x|
. Il
2. 17r
wb ' %
L | ]
e‘m S L
. ¥
WR ~.X
ch-h o\
i s i

i
t

—X—¥%— M8
20

y/ .
13}
\\y., B oo
[x/ &
\ ]
- . m
’ B o
[ ]
=
e
o
P
o)
-0
Lt
L
- o
1 1 ]
o
o) o) o) o o o .
g & 8 & & & & R & 3

*3y *wz sowepadwy JO €nTNPOW

ooawmu.“_.mou of MT and M8 u»dﬂ..am erect to mean value

for 14 male subjects.

Figure No. 223




Mean value for 1k
male subjects..

- M1l
: .x_;'._x..MIE

30
20

T
(@] (@)
\O n

90
80
0

100 A

*3y wgz osouwpaduyr Jo snynpoy

Comparison of M1l and M12 sitting erect to mean value

for 14 male subjects.

Figure No. 22 6

10 -

Frequency Hz.




Fl

—o—0-

F2

M1

-
e

)

N

———
W —

—O—— O— Qe &

—O—o— O~—O—0—0—0

30

20

100

90

" 80

O
~

*8y wz souepsdwI JO sSNINPOW

Figure No. 237

Comparison of X1 and F2 to M1l and M12 - Sitting Erect.

PFrequency Hz.




—

. male subjects.

»

Mean value for 1k
M7
M8

KX =

ARl e AT K =Y
1
20

\*\

100 -

) | I T
g & 8 g 1o
8y wz oouepeduwl JO SNTNPOK

Comparison of M7 and M8 uﬁ.&wsm relaxed to mean value

for 14 male subjects.

Figure No. 228 -

Frequency Hz.




| _ — Q
4
| L
X
~ .
5 g _
n © 4
o © _ R
D y
e 3 ) 7
e o X
v.m — -
g — o y ¥
0 — pax| [
= = = x
| _h, i
| - |
) i — .
! % —X
_ /
M »
| o
l.
-
- O
L
=y
-
-
T T T T T T T T T T
o

100

Q0

" 80

60
ko
30

O
~—

. *8y ez souepaduw JO snTnpop

20

10

Comparison of M1l and M12 uu.dﬂ.um relaxed to mean value

for 14 male subjects,

Figure No. w.mw

_l"re quency Hz.




quency Hz,

Fre

\

60 -
50
30 7
20
10 7
0

100 A
90
80 4

o)
t~
*3y wz odouepsdwl JO suinpon

Comparison of F1 and F2 to M1l and M12 - Sitting Relaxed.

Figure No. 230




Mean value for 11
male subjects.

==
—X—X— 4B
25

X
¥
20

Frequency Hz.

10

! 1
& & 2
4%} "
B 7

1}
*RZ  *89adsg STIuy aswyg

-180
0

Comparison of M7 and M8 sitting erect to mean value

for 11 male subjects.

Figure No. 231




.1,
- n
. 5 b o
pd SL BEa)
. o)
\ $a
—
: £
-\ a8
: o S
e 0 .
f L= =
1 A
_ ; B
4 |
| K
{
o
. \
[ ]
\
y (Ta¥
_ e |
N
\4
~ .
ﬂ —
L J
/
e
-
T T 1 1
° e g 8 8§ 2 g °
. PV 7 3

‘w7  <sesadag oTIUY eseyd

Comparison of M12 sitting erect to mean value

for 11 male subjects. .

Figure No. 232

Frequency BHz,




‘Fl
F2

-—0—0

R BT v
»

v & W e ey e b

~— —.._._—-‘

|
*

R

. 30

25

20

15

10

=120
-150 -

o
[eaY
]

=30 -
-60 1

‘o7 *§99a39q 9T3uy IsvyJg

Comparison of F1 and F2 to M12 - Sitting Erect.

Figure No.233

-180

403

Hz,

Frequency



—~ .
~ n
e
)
{ { O ©
L]
L o 2
\ _ £
\ gy
{ { g 8
[+ (V]
e : 2 g
— 1 1
| |
\ i
|
\ i
N
| L
|
{
{
\
|
. ‘ R
- \
\
A\

30

25

20

15

10

=150 4

(o]
(@)Y
1

-60 -

T
o
Ny

]

=120 -

*®y7 °*s33139q STIuy IsvyJd
Comparison of M12 sitting relaxed to mean value

for 11 male subjects.

Figure No. 235

180

Frequency Hz.




9 £ 2 "ON FIn3Tg

*poxeToy BUTFITS - QW PUR ZTW 03 24 pue T4 JO UosTIedwmod
Phase Angle Degrees,

0 <~
-
N\
\
\
\
Ly | B o
\{ TN . . ! 5 . ) - —-
NS | it
‘ + | X):x—x_xﬂ},;,x/x:ﬁ«x )«_x...x_.,)(-...x._x
: -% ——’X:x: - — " :
*\ \ ) ’ ,x’ : -0 JD.'O"O-'O“Q o) oio -5
¥ N - - A N
-60 - Yy X Y" X\-)(-—K O_O_O—Q—-O -, |
N
) O
-90 B I o |
=120 7 ‘
——0~0= F1
— r2
=== M2
-180 | . | .
T T T | . ; ‘ l v | | T
o0'3 5 7 10 15 . 20 T | -

Frequency Hz.




Subj ect

Coding

W.B.
R.G.
B.D.
W.E.
W.G.
R.H.

E.M.

6.2

Coermann (1963)

Data of Coermann's Subject panel

Weight

kgs

%
84

99.5
70.5
81.6

94.4.
n.

Table Xo.

Height

ms

1.83
1.88
1.93

1.D
1.80

1080
1.83
1.70

29
40
3
29

407



Accuracy of Modulus of Impedance monitoring unit

 (These figures are applicable to both the first and second calibrations)

) 1 T
Frequency- Accuracy e

Hz 20 kg 40 kg = 60 kg 80 ko

3 7.3 6.2 5.6 5.3
5 3.7 2.9 31 4.2
T 1.2 2.1 2.3 2.8
10 0.2 0.1 1.0 2.1
15 - 0.1 - 0.5 0.7
20 - 0.1 1.2 5,7
25 0.1 0.2 1.2 0.7
30 3.0 0.3 1.5 0.7
ﬁlﬁéigiaﬁéirgggq@l - 1.9 1.5 2.1 2.2.

Accuracies are given to the nearest 0.1.%

Table No. 4

’
'




MALE SUBJECTS

SUBJECT

No -

M3
Mk
M5
M6
M7
M8
M10
M11
M12
M1k
M15

MEAN

STD. DEVIATION

FEMALE SUBJECTS

SUBJECT

NO.

Fl

Feo

MEAN

SUBJECT DATA

- HEIGHT (cm)
STANDING EITTING
172 | 88
173.5 89
185 96
180 9k
168 - 86
178 92
184 95.5
174.3 - 89.5

183 95
184 96
182.5 ok.5
181 ok
182 95.5
132 95
179.2 92.8
5.06 2.56
HEIGHT (cm)
- STANDING SITTING
1166.0 86
167.5 87
166.7 86.5
Table No. 5.

WEIGHT (Kg)
EOTAL SITTING
68.6 52.1
75.5 60.2
64.75 k9.2
7.0 59.0
65.1 | 50.8
81.5 6.7
84.0 63.5
76.0 60.6
73.1 57.2
76.3 54.5
58.7 43.9
60.2 45,1 .
66.5 h9,25
71.8 55.0
70.72 5k .65

7.1 6.31

WEIGHT (Kg).
TOTAL SITTING
51.8 38.5
60.7 48.6
56.25 43.55

AGE

-kYrs)

AGE

(Yrs)

22
26
2k




MODULUS OF IMPEDANCE RESULTS FOR

FEMALE SUBJECTS

SITTING ERECT POSTURE




(F1 - E)

Frequency  Modulus of Impedance Modulus of Impedance /
Hz . Kg R Subject Weight
3 sh 1.402
4 60 | 1.558
5 . 50 1.298
6 40 1.038
7 33 857
8 28.5 : W7o
9 25.0 649
10 21.5 : . .558
12 13 337 }
1k 10 259
16 9 .233
18 8 207
20 8 207 |
22 | v 8 .207
. oh 8 «207 %
26 8 207 " |
28 ‘8. .207 - ‘
30 9 4233

Table No. 6 Modulus of Impedance (F1 - E)




Frequency

Hz

AVo N o B AN B Y

10
12
L
16
18
20
22
.2l
26
28
30

(F2 - E)

Modulus of Impedance

Kg

55
60

18
39

23
21
15

10
10
10
10
10
10
10

10

Modulus of Impeddnce /

Subject Weight

1,134

1.237

1.134
.989
-804
536
L9k
52
«329
.226
.206
.206
206
206
.206
«206
«206 -

.206

Table No. 7 Modulus of Impedance (F2 - E)

412



413

{PHASE ANGLE RESULTS FOR
FEMALE SUBJECTS

SITTING ERECT POSTURE



414

(F1 - E)
Frequency Phage Angle
Hz , " Degrees

3 - 35

4 - 50

5 - 65

6 - 85

7 -9

8 - %

9 - 85

30 | - 70

12 6

' 14 65

6 58

18 —60

20 ‘ -61

2 | ~62

P | 65

26 66
28 -70 .

30. -80

Teble No. 8 Phase Angle (F1 - E)




415

(F2 - E)
Frequency | Phase Angle
Hz | Degrees
3 — b3
L —50
5 —55
6 —60
7 -85
8 —95
9 -100 :
10 —70 3
12 ' . ~61 }
' 14 o  -58 ‘
16 | - ~ 57
18 —55 S ;
20 , ‘ —55 w
22 : —58
2L —61
26 ' | —65
28 —70 .
- 30 . -80

Table No. 9 Phase Angle (F2 - E)



{MODULUS OF IMPEDANCE RESULTS FOR

FEMALE SUBJECTS

SITTING RELAXED POSTURE




(F1L - R)
Frequency o Modulus of Impeda.nce © Modulus of Impedance /
Hz _Kg " Subject Weight ‘
3 55 L 1.8
L 63 , - 1.6}6
5 67 1.740
6 4o, - - 1.038
7 - 30 | 779
‘8 25 - 619
9 22 571
10 20 | ‘ 519
12 on S .235
1k 10 .259
. 16 9 233
18 8 207
20 8 207
22 8 207
21 8 .207
26 8 .207
28 8 .207 -
30 9 233

Table No. 1 0 Modulus of Impedance (F1 - R)




Frequency

Hz

W 00 N3 o o & W

10
12
2
16
18
20
22
2l
26
28

30

(F2 - R)

Modulus of Impedance

Kg

55
57
i
I
38
2k
21
17
- 11

O N 00 o0 0O W

10

10

10

Modulus of Impedance / |

Subject Weight

Table No. 1 1 Modulus of Impedance (F2 - R)



L. -
PHASE ANGLE RESULTS FOR
FEMALE SUBJECTS

SITTING RELAXED POSTURE

s



(F1 - R)

Frequency ‘ A - Phase Angle

Hz ‘ Degrees |
3 —50
oy —60
5 —90
6 ~85
7 —90
8 - 9%.
9 —105
10 ’ - 108
, 12 - — 70
b —65
16 ' - =62
18 _ ' - 59
20 , —55
22 | . —5
2k _ _ — 48
26 — 46
28 —Ui5
30- | -k

Table No. { 2 Phase Angle (F1 - R)
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Frequenéy

Hz

O 00 3 O \n

10

12

16
18

20

2l
26
28

(F2 - R)

Phase Angle

Degrees

--50

—51

-50

—50

Table No. 1 3 Phase Angle (F2 - R)



MODULUS OF IMPEDANCE RESULTS FOR
MALE SUBJECTS

SITTING ERECT POSTURE



Frequency

Hz

O 00 NN o N W

10
12
14
16
18
20
22
2k
26
28

30

(M1 - E) .

Modulus of Impedance

Kg

62
69
o
58
k7.5
L5
36
28
21
18
15
13
12
12
11
11
12 |
12

Modulus of Impedance /

Subject Weight

1.190
1.324
1.420
1.113
911
863
.690
537
403
245
.287
..2l9 |
230

«230

211
«230 -

«230

Table No. 14 Modulus of Impedance (M1 - E)
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Frequency

Hz

O 0 N3 O W

10
12
14
161
18
20
22
2k
26
28

(M2 - E)

Modulus of Impedance

Kg

10
10

10

Modulus of Impedance /

Subject Weight

1.196
1.295
1.129
.897
681
564
98
465

Table No. 15 Modulus of Impedance (M2 - E)
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Frequency

Hz

O & ~3 o N = W

10
12
14
16
18.
20
22
- 2l
26
28

30

(M3 - E)

Modulus of Impedance

Kg

65
77
'?7
70
55
ks
hy
ko
3
28
21
18
15
13
11
12
13
15

Modulus of Impedance V

Subject Weight

1.321
1.565
1.565
1.422
-1.117

<91k

.833

813

<731

«569.

A26

« 365

<304

264

223

243

+26h )

304

Table No. 1 6 Modulus of Impedance (M3 - E)
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(M4 - E)

Frequency " Modulus of Impedance Modulus of Impedance /
Hz - Kg | | Subject Weight
3 68 1.152
L 81 1-372
5 82 ' 1.389
6 70 1186
vi 5k W915
8 L7 : <796
g 3 A <694
10 36 ‘ | .610
12 28 L7k
14 23 .389
16 © 18 k 305
18 12 .203
20 11 : .186
22 10 | © 2169
2k 9 152
26 8 135
28 8 -135 .
20 8 135

Table No. 1% Modulus of Impedance (M4 - E)
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(M5 - E)
Frequency  Modulus of Impedance Modulus of Impedance /

Hz Kg Bubject Weight
3 5 1.082
4 63 | ' 1.240
5 ‘sh 1.259
6 55 1.032
Vi h2 - W826
8 27 | .728
9 30 ‘ | 590
10 27 531
12 23 hs2
14 20 393
16 12 - 236
18 10 196
20 8 | 157
22 8 <157
- 24 7 137
26 7 137

28 6 218 °
30 6 118

Table No. 1 8 Modulus of Impedance (M5 - E)
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Frequency 'Modulus of Impedance ‘Modulus of Impedance’/
Hz Kg Subject Weight
3 8 | 1.236

A | 9 | 1.391
5 3 | 1.128
6 60 . «927
7 55 .850
8 Ly .680
9 -39 602
10 3L | 525
1? 27 Rl
b 22 . .340
16 20 « 309
18 18 .278.
20 16 247
22 15 , 231
2k | 15 231
26 15 231
28 s | 25
30 ‘ 15 | .231

- Table No. 19 Modulus of Impedance (M6 - E)




017 - E)

Frequency Modulus of Impedaﬁce Modulus of Impedance /

Hz Kg Subject Weight
3 87 | 1.370

L 90 - 1.17

5 92 - 1.448

6 89 | 1.401

7 75 1.181

8 58 913

9 L 692

10 37 * 582
'}2 ' 27 425

14 2k 377

16 23 | 362

18 13 .204

20 11 173

22 9 b1

24 8 125

26 7 110

28 6 09k -
30 5 .078

Table No. 2_0 Modulus of Impedance (M7 -~ E)
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(M8 - E)

Frequency Modulus of Impedance Modulué,of Impedance /
Hz - Kg ~ Subject Weight
3 7 10

L 89 1.468
5 88 | 1.452
6 6k 1.386
7 39 | 643
8 36 ’ 59
9 36 <59k
10 | 37 | 610
12 | 29 L78
14 - «395
16 20 . <330
18 12 .198
20 10 165
22 8 132
2l 7 115
26 6 <099
28 5 .082 -
30 5 .082

Table No. 21 Modulus of Impedance (M8 - E)
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(M9 - E)

Frequency Modulus of Impedance Modulus of Impedance /
Hz ' Kg Subject Weight
3, 80 | 1.398
4 87 1.520
5 88 | ~1.538
6 75 1,311
7 il «'769
8 37 .6l6
9 32 <559
10 30 | .52k
12 26 A5k
1;; 23 Loz
16 24 L o
18 12 .209
20 10 A7k
22 8 139
2l 6 04
26 6 <104
28 8 139 -
30 8 139

S

Table No. 2 Modulus of Impedance (M9 - E)




(Mld - E)

Frequency Modulus of Impedance Modulus of Impédaﬁce /
Hz . Kg Subject Weight
3 55 1,009

4 63 1.155
5 ™ 3 1.357
6 58 1.C64
7 41 | 52
8 35 .6l2
9 33 605
10 | 30 ’ .550
12 2l Lo
1k 22 _ o3
16 11 .20
~ .
18 10 .183
20 | 8 146
22 8 o 146
24 9 _, ' 165
26 10 ' .183 #
28 10 ’ .183 -
30 - n | .201

%

Table No. 23 Modulus of Impedance (M10 - E)




(M1l - E)

‘Frequency Modulus of Impedance Modulus qflImpedance /
Hz Kg Subject Weight
3 53 K 1.207
4 60 1.366
5 62 12
6 59 | | 1.342
7 52 1.1'84
8 L3 979
9 32 _ S 28
10 N 615
12 23 ‘ 523
1k 21.5 189
16 20.5 < : Li66
18 19 32
20 15 341
22 14 . .318
24 12 273
26 1 250
28 1 , 250
s 30 ' 10 ' | 227

e

Table No. 24 Modulus of Impedance (M1l - E)
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(M12 - E)
Frequency Modulus of Impedance .;'Modulus of Impedance /
Hz Kg Subject wéight
3 kg 1.086
b 56 ‘ 1.241
5 60 | 1.330
6 58 1.286
7 46 1.019
8 38 82
9 L5 , <997
10 W .75
12 29 ' 643
14 .25 - 255
16 20 L s
18 - 16 354
20 12 | .266
22 11 : 243
2l 10 221
26 ' 10 ‘ .221
28 10 ” - .221 -
30 ’ 10 221

Table No. 29 Modulus of Impedance (M12 - E)



M1k - E)

. Frequency Modulus of Impedance Modulus of Impedance /

Hz Kg Subject Weight

64 - 1.299

65 1.319
62 | | 1.258
49 | .99
. :
37
.
32

%g. 28

1k 22

16 17
18 21
20 " 10
22
2k
26
28
30

Table No. 28 Modulus of Impedance (M14 - E)
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- _(M15 - E)
Frequency | Modulus of Impedance Modulus of Impedance /
Hz Kg ' Subject Weight
3 65 1.181°
b 68 | 123
5 60 1.096
6 b | 872
7 Lo . 727
8 36 .65k
9 32 581
10 28 ' "~ 509
12 23 : 8
14 19 . 345
16 13 L 236
™~
18 10 181
20 9 163
22 8 45
2l 8 - W145
26 9 163
28 9 163 :
30 ) 10 181

Table No. # ¢ Modulus of Impedance (M15 - E)




t-
PHASE ANGLE RESULTS FOR

MALE SUBJECTS

SITTING ERECT POSTURE
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(M1 - E)
Frequency 4 . Phase Angle

Hz A " Degrees
3 0

5 —10

6 -17

7 —25

8 31
-9 —he

10 ) ' | ..;1.*7

12 | : —52.

' 1l . —50

16  —n2

18 =k

20 =39

22 : -39

2k A -39

26 - =38

28 ;_37 .
30 - o 30

Table No. &8 Phase Angle (M1 - E) “



Frequency

Hz

0 =~ o Uu & W

0

10

Table No. 2 9 Phase Angle (M2 - E)

Phase Angle

- Degrees

--75
— 68
~- 60
—563
—~58

— 60
-—60
—60
—62
—67

—70

439



(M3 - E)

Frequency

Hz

O © N3 o U o W

20
22
2k
26
28
30 -

Table No. 30 Phase Angle (M3 - E)

Phase Angle

Degrees

— 24
-3
—39
— k2
— 50
—55
—57




Frequency

Hz

W 00 N3 o =W

10
12‘
1
26
18

20

Table No. 3 1 Phase Angle (M4 - E)

44

(M4 - E)

Phase Angle

Degrees

—38

—15

— 2

—l

—39



(M6 - E)

Frequency

"Hz

W 0 3 o U o= W

10 -
12
1
16
18
20
22
2h
26
28
30

Table No. 32 Phase Angle (M6 - E)

Phase Angle

Degrees

—20

a
44:



Frequency

Hz St

O 20 NN o0 \n W

10
12
14
16
18
20
e2
2k
26
28

Table No. 33 Phase Angle (M7 - E)

Phase Angle

Degrees

— 42




. (M8 - E)

Frequency

Hz

[a< IS | oA \n £ W

O

Table No. 34 Phase Angle (M8 - E)

Phase Angle

Degrees

a4
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(M9 - E)
Frequency Phase Angle
Hz Degrees
3 -10
4 -17
5 ~22
6 —30
7 ~kg
8 —bL7
9 -52
0 ~51
. 12 -57
14 —60
16 —55
18 —48
20 ' - 43
22 4 I3
2k . ~4o
26 38
28 -36 .
30 . _ 3

Table No. 3 O Phase Angle (M9 - E)
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Frequency Phase Angle
Hz Degrees
3 -22
i L -27
5 -30
6 =35
7 45
8 ~55
9 —65
10 | ' -=70
12 -2
14 -60 s
16 -50
18 —48 .
20 -43
22 -6
2k -45
26 -4o
28 -39
30 —-38

Table No. 3 6 Phase Angle (M10 - E)



" (M12 - E)

Frequency

Hz

¢ o0 NN o &\

10

Table No. 3 7 Phase Angle (M12 - E)

Phase Angle '

Degrees



(M15 - E)

Frequency

Hz

(Ve B e R I *A T ¥ B R

10
12
.14
16
18
20
22
2k
26
28

Table No. 3 8 Phase Angle (MIS - E)

Phase Angle

Degrees

-60

-60

- 4438



‘MODULUS OF IMPEDANCE RESULTS
MALE SUBJECTS

SITTING RELAXED POSTURE

FOR



Frequency

Hz

O 00 N o & W

10
12
14
16
18
20
22
2k
26
28
30

" (ML - R)

Modulus of Impedance

Kg

60
75
60
ko
32
29
24

20

10
10
10
10 |
10

10

Modulus of Impedance /

Subject VWeight

1.151
1.439
1.151
767
.61k
3556

.383
.287
2h9 *

191
191
..191
191
" 191
..191

Table No. 39 Modulus of Impedance (ML - R)



Frequency

Hz

O 00 N3 O . & W

10
12
1k
16
18
20
22
2k
26
28

30

(M2 - R)

Modulus of Impedance

Kg

60

75
60
4o
32
29
24
20
15
13 .
il
10
10
10
10

- 10
10

11

Modulus of Impedance /

Subject Weight

1.151

1.439

1.151
767
.61k
556
160
.383
.287
249
211
191
.191
.i91~
191
191
.191

211

Table No. 4 O Modulus of Impedance (M2 - R)
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(M3 - R)
Frequency Modulus of Impedance Modulﬁs of Impedance /
Hz Kg Subject Weight-
3 65 , 1.321
4 77 1.565
5 7h - 1,504
K 62 1.260
7 43 .873
8 29 . .792
9 37 752
10 ' 36 ' 731
12 31.5 640
b 23.0 467
16 17.0 . 345
18 " 12.0 243
20 | 10.0 .203
22 10.0 : .203 i
24 ' 10.0 ' .203
26 11.0 o .223
28 © 13.0 264

30 15 .30k

Table No. 41 Modulus of Impedance (M3 - R)




Frequency

Hz

O O N o0 M & W

10

12

-
M

16
18
20
22
2L
26
28

30

(M4 - R)

Modulus of Impedance

Kg

68
7
71
50
s
39
35
30

21.5

ey
(o]

0 0 W &0 o0 0 N o

‘Modulus of Impedance /

Subject Weight

1.152
1.254
1.203
1.016
762
661
.593
.508
<364
169
135
118

A35 - -

<135
135
135
«135
135

Table No. 42 Modulus of Impedance (M4 - R)
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(45 - R)
Frequency Modulus of Tmpedance Modulus of Impedance /
Haz Kg Subject Weight
3 55 . 1.082
4 63 | 1.240
5 6o 1481
6 42,5 .836
? 33 .649
8 29 .570
9 27 .531
10 | 23 | 452
22 20 .393
14 10 .196
16 9 177
18 8 157
20 8 157 =~
22 8 157
2k .8 157
26 7 <157
28 ? 137
- 30 7 137

Table No. 43 Modulus of Impedance (M5 - R)
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(M6 - R)
Frequency Modulus of Impedance Modulus of Impedance /
Hz Kg Subject Weight
3 80 , 1.236
. 88 1.360
5 85 - 1,282
6 65 : 1.00
7 51 .788
8 b 695
9 40 618
10 | b | 525
12 26 _ Jho1
14 21 324
16 19 _ 293
18 18 - .278
20 16 247 i
22 15 ; 251
2l - 15 ' 231
2 | 15 o 23
28 - 15 .231

30 15 R 231

Table No. 44 Modulus of Impedance (M6 - R)




' (M7 - R)

Frequency Modulus of Impedance Modulus of Impedance /

Hz : Kg

3 88
L %
5 60
) 38
? 32
8 30 |
9 20
10 27
12 20
ik 10
16 6
18 5
20 5
22 6
2k | 6
26 6
28 6
30 6

Table No. 45 Modulus of Impedance (M7 - R)

Subject Weight

1.385

1.417
<Ohlt
.598
.503
472
A2
125
«31h
157
.09k
o078



x 457

(M8 - R)
Frequency Modulus of Impedance Modulus of Impedance /
Hz-: Kg Subject Weight
3 80 . 1.320
- 4 80 - 1.320
y 5 57 .940
6 4s 42 -
?7 38.5 .635
8 34.5 - .569
9 33.0 Shl
10 30 : 495
12 21 346
14 1 .181
16 7 115
18 5 .082
20 5 .082
22 5 .082
2k 6 .C99
26 7 115
28 8 132
30 8 132

Table No. 46 Modulus of Impedance (M8 - R)



(M9 - R)

Frequency Modulus of Impedance Modulus of Impedance /
Hz Kg Subject Weight
3 75 , 1.311

- L 73 , 1.276
5 65 1.136
6 52 909 -
7 M , .716
8 33 : »576
9 29 506

10 ' 27 o 2
12 16 .279
14 10 7%
16 7 122
18 6 104
20 5 .087
22 6 <104
2h 6 .10k
26 7 122
28 7 122
30 Vi 122

Tadble No. 4@ Modulus of Impedance (M9 - R)
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" (M10 - R)
.Frequency Modulus of Impedance Médulus of Impedance /

Hz Kg:- Subject Weight
3 58 1.064
o 68 ' 1.247
5 62 1.137
6 48.5 .889
7 % .660
8 -2 587
9 30 | 550
10 28 A ‘ 513
12 22.5 Jn2
14 20 368
16 | 10 - .183

18 9 | .165

20 9 .165
22 8 146
24 8 146
26 9 .165
28 9 .165
. 30 9 <165

Table No. 4 8 Modulus of Impedance (M0 - R)




Frequency

Hz

W ®© N oUW W

20
22
24
26
28
| 30

(M11 --R)

Modulus of Impedance

Kg

60
6l
57
40
23
25
22.5
20
11

10

O W W 0 o W

10

10

Modulus of Impedance /

Subject Weight

1.366
1.457
1.298
911
637
569
512
455
.250
.227
.205
.182 |
.182
.205
.205
.205
- .227

227

Table No. 49 Modulus of Impedance (M1l - R)



Frequency

Hz

O oo o & W

10
12
14
16
18
20
22
2k
26
28

30

(M12 - R)

Modulus of Impedance

Kg

50
63
60

29
27
25

18
11

10

N NN O N NN o

Modulus of Impedance /

Subject Weight

1.108

1.39%

1.530
.8386
643
.598
55k
532
399

Table No. 50 Modulus of Impedance (M12 - R)



T
462 .

(M1 - R)
Frequency Modulus éf.Impedance Modulﬁs of Impedance /

Hz Kg Subject Weight
3 63 _ 1.279
b 67 1.360
5 63 1.279
6 42 - W852
7 37 .752
8 % . " .710
9 32 649
10 30 .609
12 ' 26 | .527
14 20 4o2*
16 | 11 223
18 9 | .182
20 8 .162
22 8 162
2k 8 162
26 8 .162
28 8 162
.30 8 .162

Tadble No. 9 1 Modulus of Impedance (M14 - R)



(M15 - R)
Frequency Modulus of Impedance Modulﬁs of Impedance /
Hz Kg Subject Weight
3 68 1.236
b 62 1.127
5 43 .781
6 36 654
?7 32 .581
8 317. .563
9 28 «509
10 | 2k 136
12 20 .363
ik 10 181
16 8 145
18 ? 127
20 8 JA45
22 8 JAhs
2l 8 145
26 8 145
28 8 - W1h5
30 9 .163

Table No. & 2 Modulus of Impedance (M15 - R)

T
483



PHASE ANGIE RESULTS FOR
MALE SUBJECTS

SITTING RELAXED POSTURE

464.
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‘(M1 - R)
Frequency Phase Angle
Hz S - Degrees
3 -2
_ b -10
5 -20
6 ~30
? ~37
8 -h3
9 —hs
10 - 1
12 . —b5
14 -39 '
6 ~31
18 o | 31
20 -
22 | . _30
a -3
26 | . =0
28 . | ~30

30 o -30

Table No. 5 3 Phase Angle (M1 - R)




466

Frequency ‘ Phase Angle
Hz | Degrees
3 =30
_ 4 -4
5 -7
6 -56
7 -70
8 ~88
9 -95
10 -~70
12 -60
14 -55 *
16 =55
18 | ~50
20 ~50
22 ;s =55
2l —~58
26 . —62
8 | ~68
30 | —64

Table No. 54 Phase Angle (M2 - R)



Frequency

Hz

0 N o U+ Ww

0

10
le
14
16
18

22
24
26
28
30

(M3 - R)

Table No. 35 Phase Angle (M3 & R)

Phase Angle

Degrees

-20



-~ 468

Frequency Phase Angle
Hz : Degrees
3 -12
. 4 —27
5 —38
6 ~l7
7 ~49
8 —50
9 ~50
10 . | 50
12 50
14 " ~49 *
16 | -4l
18 o ~4o
20 | - 4o
22 S =37
24 | | -34
26 A | . =3
28 ' | -3
30 - ~29

Table No. 3 6 Phase Angle (Mk - R)




Frequency Phase Angle
Hz | Degrees
3 a5
. " -3
5 i —h1
6 —45
? ~50
8 ~55
9 -~57
10 ~58
12 ~70
1h —62 ’
16 =53
18 18
20 -4l
22 S =i
24 —38
26 ~36
28 ~36
30 -36

Table No. O ¢ Phase Angle (M6 - R)




470

(M7 - R)
Frequency Phase Angle
Hz Degrees

3 -18
) 4 -22
5 -28.
6 —42
7 ~-50
8 ~148
9 -h7
10 —~48
12 —50

1k -6 *
16 — ko
18 _36
20 =32
2 ‘ | S o3l
24 | 30
26 . =30
28 - | -31

30 . , 32

Table No. 3 8 Phase Angle (M7 - R)




"(M8 - R)

Frequency

Hz

B AN ) IR AN

oo

Table No. @9 Phase Angle (M8 - R)

Phase Angle

Degrees .



"(M9 - R)

Frequency

Hz

W 00 NN oW

12
14
16
13
20
2
2k
26
28

Table No. 6 0 Phase Angle (M9 - R)

Phase Angle

T 472

Degrees



s e L T T

" (M10 - R)

- F.r.eiqu”er-léy

Hz

v o 3 &N UV F N

10
i2
14
16
18
20
22
24
26
28

30

Table No. 81 Phase Angle (M10 - R)

Phasé Ahgle

Degrees



‘(M12 - R)

Frequency

Hz

N U W

Table No. 62 Phase Angle (M12 - R)

Phase Angle

Degrees




(M15 - R)

Frequency

Hz

(Vo TN e R - A T Y B — R VY

10
12
14
16
18
20
22
2
26
28

30

Table No. 83 Phase Angle (M15 - R)

Phase Angle

Degrees

=28
-28

. =27
=27

~27



T
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‘MODULUS OF IMPEDANCE AND PHASE ANGLE RESULTS FOR
MALE SUBJECTS

TRACKING POSTURE

.




(Ml.- T)
Frequency Modulus of Impedance
Hz Kg | o
3 60
4 70
5 70
6 , 5k
7 !
8 34
9 28
10 23
12 17
1h 13.5
16 12
18 ’“ o
20 | 10
22 | 10
2k - 10
26 10
28 | 11
30 12

Table No. 64 Modulus of Impedance (M1 - T)

Modulus of Impedance /

Subject Weight

1.150

1.340

1.340

1.035 -
.786
.652
536
Akl
.326

. 259
230
211
192
;192
192
192
211

230



avs

(M2 ~ 1)
Frequency Modulus of Impedance Modulus of Impedance /
Hz Kg - Subjec;: Weight
3 68 | . : 1.130 §
A 8 1.38
5 75 _ 1.245
6 51 | 847 |
? 41 . .682
8 . 37 .615
9 31 .515 ’
10 | 27 | b9
12 20 .333
14 17 ~ *,282
16 14 - .232
18 18 | 299
20 o 12 | .199
22 | 1 S .183
2l 1 ' .183 |
26 11.5 ', .191
28 ' 12 | 199

30 - 12.5 .208

Table No. 85 Modulus of Impedance (M2 - T)




]
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M3 - T)
Frequency Modulus of Impedance ‘Modulus of Impedance /
Hz Kg  Subject Weight
3 - 58 . 1.182
- b 63 1.280
5 71 : 1.442
6 68 1.381
V4 53 1.078
8 43 . ’ .875
9 38 ‘ : L7774 |
0 37 , ' 754
12 37 75k
14 34 *.692
16 28 ' .569
18 | 22 Lh7
20 / 20 - 407
22 12 o . JETA
ol 10 B .203 .
26 9 o S .83
28 | 8 - .163

3 7 b2

Table No. 6 6 Modulus of Impedance (M3 - T)




N
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(M. - T)

Frequency Phaée‘ Angle
Hz : | Degrees
3 0 | ,
4 —7 .. _
5 -15 'A o
6 -20 - .

? ~37?

9 -438 N .

10 ~52

12 \ —52 R
14 Y .

16 T : f
18 | ~38 | o ‘
20 | -38 | :
22 : -8 ' '
24 | 37 -
» o 8 | : |
28 | ~35 B

 Table No. §'7  Phase Angle ( M1 - T )




(2 - T)
Frequéncy Phaée . Angle
Hz Degrees
3 -5
- 4y ~15
5 =27
6 -36
7 ~l7
8 ~5" |
9 ~58 ‘
10 -57
12 -~55
h w3 ‘
16 k2
18 ~40 |
20 -ho
22 - =38
24 : . -38
26 : , : ~4o
28 | -2

30 - _h46

Table No. 6 8 Phase Angle ( M2 - T )
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(M3 - T)
Frequency Phase Angle
Hz Degrees
3 -2
- b -10
5 -25
6 -36
7 -h2 |
8 —-47 ‘
9 ~50
10 ' ~52
12 -51 |
" —s0
16 ~42
18 - ko ‘
20 ' ~-38 }
2 B/
2k ‘ -~37
26 4 - =38
28 | =37
30 o . -3

Table No, 69 Phase Angle ( M3 -~ T)




—

MODULUS OF IMPEDANCE AND PHASE ANGLE RESULTS FOR

MALE SUBJECTS

VARIOUS STANDING POSTURES




Erequency
Hz

"\

(U TR« (R e AT " 8

14
16

18

22
24
26
28

Modulus of Impedance

Results for Subject M1 Standing Erect

Modulus of Impedance Modulus of Impedance/
Kg Subject Weight
70 ’ . 1.020
76 A 1.137
84 1.224
6] 977
47 685
40 . ' .583
32 . 466
29 .423
24 * 350
20 .292
17 ' .248
13 : .190
1.5 - .168
0.5 153
9.5 . .138
8.5 124
8.0 | 117
7.0 .102

Table No. 7O



Frequency

Hz

& W

O O~ Gy AN

12
14
16
18
20

24
26
28

Modulus of Impedancg

Results for Subject M2 Standing Erect

Modulus of Impedance Modulus of Impedance/
. Kg Subject Weight

% a 1.245
108 1.430
115 1.523
%0 1.192
29 .781
56 742
s 6%
42 .556
34 s ,450
25 ‘ 331
18 ' .238
16.5 | .219
12,0 : 159
10 132
8.5 . B b &

85 | 113
9.0 119 "

1.0 .093 :

Tadle No, 71



Frequency
Hz

24
26

28

Modulus of Impedance

Results for Subject M1 Standing Relaxed

Modulus of Impedance

Kg

80
81
&
82
6
44
37

30
26

21.5
18
14
12.5
12.9
10

10
10

Table No. 7 2

Modulus of Impedance/

Subject Weight

1,166
1.181
1.239
1.195
.889
.641
539
473
3719
313
.262
204
.182
75
146
A31
.146
.146




Modulus of Impedance

Results for Subject M2 Standing Relaxed

Frequency Modulus of Impedance Modulus of Impedance/
Hz ~ kg Subject Weight
3. 86 . 1.139
4 8l 1.073
5 87 1.152
6 63 .901

1 49 649
8 54 715
9 55 728
10 28 636
12 ' 38 ' *.503
14 28 I
16 22 | .291 |
18 | - - .225
20 13 - 172
22 10 132
24 | 8.5 | a3
26 ‘ 9 | 119
28 9 | .119
30 1.0 -093

Table No. 73




,- 488

M oduius of Impedance

Results for Subject M1 Standing Knees Bent |

Frequency Modulus of Impedance Modulus of Impedance/
Hz - Kg Subject Weight
3 50 ' .129
4 46 ’ Nyl

i 31 .452
6 18.5 .270
7 17.5 255
8 19 277
9 19 .277
10 20 | 292
12 18.5 .270
14 | 16 -233
16 13.5 _ 197
18 12 175
20 14 .204
22 14 | 204
24 10.5 - 153
26 : 9.5 .38
28 . 9.0 - ' 131
0 8.0 | 117

Table No. 7 4




Phase Angle

Results for Subject M1 Standing Erect

Frequency

Phase Angle

Degrees

-7
-18
~27
-3
—43

-50

Table No. 75

489



Phase Angle
Results for Subject M2 Standing Erect

Frequency Phase Angle
Hz ' ' Degrees
- 3 -2

4 -5

> —-12

6 -17

7 28 |
8 -36 :
9 —a4 :
10 -52 |
12 -70 °

i4 ~100

16 ~105 |
1% -108 :
20 : -115

22 | 117 i

24 . -110

26 . ~70

28 L ' —66

30 —60

Table No. 76




Phase Angle

- 491

Results for Subject M1 Standing Relaxed

Frequency

24
26
28

Table No. 77

Phase Angle

Degrees

—10
-15
-2



Phase Angle

Results for Subject M2 Standing Relaxed

Frequency

Hz

o U A W

T

1= 0 [o0)
o

=
~N

16
13

22
24
26
28

Table Ne., ¢ 8

Phase Angle

Degrees

-3




-Phase Angle
Results for Subject_Ml Standing Knees Bent

Frequency Phase angle 2 with Phase angle 2 with
| Hz frequency increasing frequency decreasing

3 10 -10

4 105 -36

5 112 -50

6 55 -75 c

7 35 —68

8 28 —55

9 26 -2

1 29 | —3h

12 % | " 30

14 31 ’ ' -28

16. 35 ~-29

18 | 39 S

20 42 ; ~Z6

22 ' 4 - ~b2

24 b2 -42

26 N o —39

28 - 35 ‘ -35

20 : | 30 ~30

Table No, 79




e

W

PDP-12 Computer programme

C rFocCAL-12

21.91
0l.82
©1.23
21.034
21085
G1.06
01.07
31.08
1109

262
g2.04
B2.06
02.07
22.08
k

ASK "# OF DATA PTS" L

IF (20-L) 22.08

FOR I=1,1,L3ASK "NUM"NNNCI)D
SET T=0

SET SIGMA=D

SET AX=0

FOR I=1,1,L35SET AX=AX+NNNC(I)
SET MX=AX/L

TYPE "MX="",MX,!!

FOR I=1,1,L35ET T=(MX-NNN(I))t2+T
SET T=T/L

SET SIGMA=SIGMA+FSQT(T)

TYPE "SIGMA="SIGMA!!

QUIT

Table No, 80




Fregquency

Hz

W 0 NN O W &= W

10
12
L

18
20
22
24
26
28

18.9
25.2
31.4
37.7
bk ,0
50.4
56.5
63.0
75.5
38.0
101.0
113.0
126.0
138.0
151.0
163.0
167.0
189.0°

(Taking g as .981 m/iseca‘)

Table No. 81

- 495



Modulus of Impedance (Za Kg) fbr 14 Male Subjects - Erect Posture

Frequency Hz 3 b 5 6 7 8 9 10 12 14 16 18 20 22 2k 26 28 30
Subject M1 62 69 7h 58 4¥7.5 45 36 28 21 18 15 13 12 12 1 11 12 12
nOM2 72. 78 68 5 51 3h 30 28 22 18 16 15 W12 11 10 10 10
’ "o M3 65 77 - 77 70 55 L5 L1 4o 36 28 21 18 15 13 11 12 .13 15
n Mb 68 81 82 70 5k k7 4 36 28 ;'23 218 12 11 10 9 8 8 8
" M5 55 63 6l 55 2 37 30 27 23 20 12 10 8 8 7 7 6 6
" NG 80 % 73 € 55 b 39 | 27 22 20 18 16 15 15 15 - 15 15
MY 87 % 92 89 75 58 Ly 37 27 2k 23 1% 11 9 8 9 6 5
n M8 7 89 38 6 - 39 36 3% 3 29 24 20 12 10 . 8 v, é 5 5
" Mg 80 87 83 75 - Y 32 o 26 23 1k 12 . 10 8 6 6 8 8
" MO0 55 ° 65 b 58 4. 35 33 %0 2 22 11 10 8 . 8 9 10 . 10,1 ‘
: -
" M11 53 60 62 59 - 52 43 32 27 23 21.5 20.5 19 15 - 1 12 11 11 10
W M1 19 56 60 58 16 8 45 | 29 25 20 16 12 1 10 1 10 10 i
vowmb 6 65 62 k9 b 3 3% 32 122 2 17 0w 10 10 9 9 8 8
« wms 6 6 6 W 4 . 3% = 28 |2 1 13 10 9 8 8 9 9 10
Mean 66.6 7%.0 73.1 -61.9 48.0 40.9  36.1 32.7 .| 25.1 22.1 17.2 13.5 11.5 10.% 9.5 -9;h 9.4 9.5

S.D. 11. 11.6 10.7  10.6 9.4 6.3 4.9 5. | 3.8 2.7 3.6 3.0 2.5 2.b 2.3 2.4 2.7 3.0

Table No. 82 Modulus of Impedance (Za Kg) - Erect Posture




Modulus of Impedance/Subject Weig“’ for 14 Male Subjects - Erect Posture

Frequency Hz 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24 26 28 20
Subject M1 1.190 1.32k 1.420 1.113  .911  .863  .690  .537 Loz .35 287 249 L2300 L2300 .211 .211 .230 .230
v om 1.196 1.295 1.129 897 .681 .56k .ho8 (465 | 365 .299  .265 .24 232 ©.199:  .182 166 166 166
"ooM3 1.321  1.565 1.565 1.h22 1.117 .91k .833  .813 3L 569 b6 | 365 .305 .26k 223 243 264 .30h
noouh 1.152  1.372  1.389 1.186  .915  .796  .694  .610 | -M74 ~i389  .305  .203  .186  .169  .152 .135  .135  .135
noM5 1.082 1.240 1.259 1.082  .826  .728  .590  .531 | 52 .393 236 19 .57 157 137 137 0 .118 118
"6 1.2%6 1.391 1.128 .927 .850 .680 602 .525 | -7 .340 309 .278 .2h7 ,.2Bi .231 231 231 .23
Y% 1.370  1.417 1.448  1.501 1.181 .913 .692 .582 425 .377 362. .20k 173 Ak .125 .110 ol .078
nOM8 0 1.270 1.468  1.452  1.386  .643 .50 .sok  .610 | -M78 396 .330 . .198  .165 .32 .15 .099  .082. .082
"M 1.398  1.520 1.533 1.311  .769  .646  .559 .52 -”55 o2 .2kh 209 7% 139 10k .10k L1390 139
W M0 1.009 1.155 1.357 1.06h 752, .6h2  .605  .550 | -MHO WKO3 201 L1835 .16 k6 165 183 183 L.201
"M 1.207 1.366 1.412 1.342 1.18%  .979 28 615 | -5@3 .89 Jhe6 432 .3 318 .273 .250 250 .227
noMI2 1.086 1.241 1.330 1.286 1.019 .842  .997  .975 63 .55k LWh3 .38k 266 .243 L2210 .221 L2201  .221
"o Mk 1.299 1.319 1.258 .99 812 5L .69 .6k | .68 .k J3h5 0 .223 L2053 .203 - 182 .182 .62 162
"oms 1.181  1.2% 1.0  .872  .727 .54 .58  .509 | B8 35 236 .18 163 L1450 L1450 163 .163  .181
Mear L2 135 L3k 1.16 .89 .75 .67 6L | -89 A1 .32 .25 21 9. 1 a7 a7 .18
s.D. 11 a1 a5 .19, .17 .13 a2 .13 .10 .08 .08 .08 .06 .05 .05 .05. .06 .06

Table No. 83 Modulus of Impedance/Subject Weight - Erect Posture
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Phase Angle ‘results for 1§ |Male Subjects - Erect Posture-:

Frequency Hz 3 Y 5 & 7 8 9 10 12 1h 16 18 20 . 22 2l 26 28 20
Subject M1 0 -5 ~10 17 -25 31 —h2 —47' -52 ~50 ~h2 -0 =39 29 -39 -38 -37 -30
e ow 5 3 s -so <65 68 5 -8 [60 63 58 59 60 60 60  —62 67 70
noOM3 -2 31 39 —42 50 =55 =57 =59 [60 55  —h8 =43 -h2 43 43 -5 =47 b9
"o Mh -8 435 22 26 =35 45 ~48 ~-50 [|-29 "-5:2 —50 ~43 -46 ~43 -2 -1 ~40 =39
"o g _20 o8 36 45 51 52 -52 53 |55 58 53 53 53 S -53 51 =50 -9
"M -0 =18 @ -2 -29 - -51 -48 e ] -50 58 -60 62 —60 56 -53 -48 k42
" M8 - -20 =30 -3k -4 < ~50  -61 -60 --60 Léo 59 -52 50 —43 -3 - o -0 -46 |
v wg a0 -17 22 =30 -ho —kyp -s2 -5 57 <60 =55 48 -3 - o 38 36 3k
n M0 | -22 =27 20 =35 =45 55 . 65 90 -2 60 = -0 A8 k& . 46 . b5 4o -39 —38
Wwoom2 -5 -0 <6 -21 0 =30 * -2 k7 Q!v; —k9 50 50 48 -8 48 -48 b -1 -39
" oM5 0 A1 - 28 26 =35 k6 49 "-49 BT a 56 | 56 -55 58 . 59 59 = -60  -60 . —60
Mean 13,2 -2l.1 274 =33.6 -43.5 -50.5 -5kl ~5%.3 o2 =55.7 —52.0 -50.2 -h9.7 -—h8.6 k7.8 k6.5 A5.9 b5
S.D. 7.3 8.8 100 9.7 106 9.3 9. 84 | &1 k5 k5 59 73 7.6 7.5 83 9.5 11.2

Table No. 84 Phase Angle results - Relaxed Posture




Modulus of Impedance (Za Kg) -fbr 14 Male Subjects - Relaxed Posture

Frequency Hz 3 b 5 6 4 8 9 10 12 1h 16 18 20 22 2k 26
* Subject Ml 60 75 60 Lo 32 29 24 20 15 13 11 10 10 10 10 10
Corowe val 85 80 55 39 32 30 26 20 16 14 13 12 12 12 12
"3 6s 777 62 4 39 37 3% 5.5 25 17 12 0 0 10 10 1
n Mlb 68 - 7 71 60 4s 39 35 30 21.5 " 1o ‘ 8 7 8 8 8 8
W M5 55 63 60 k2.5 33 29 27 23 20 10 9 8 8 8 8 7 7 7
m M6 - 8 . 83" 83 65 - 51 4s 40 34 26 21 19 18 16 15 15 15 15 15
" My 88 : 90 50 78 32 h 30 30 27 20 10 6 5 5 6 5 'S 6 é
m. oug - 80 8 - 57 45 . 38.5 34,5 33.0 30 21 11 7 5 . 5 5 6 7 - 8 . 8
" M9 75 73 65 527 k- 33 2 27 16 10 7 6 5 6 6. 7. 7 7
" M10 58 68 62 K85 3., 32 30 28 | 2.5 20 10 9 9 8 8 9 9,9
"Ml C 60 6h 57 4o - 28 25 22.5 2 |1 10 9 8. 8 - 9 9 9 10 10
" M1 50 63 60: 4o 29 27 25 24 | 18 11 10 8 7 7 6 6 7 7
R Y. 63 67 . 63 k2 37 | 35 ; 32 30 26 20 11 9 - 8 = 8 8 5 8 8
®MI5 68 62 43 36 32 31 28 24 20 10 3 7 8 - 8 8 8 & 9
" Mean 67.2  73.5 63.9 U47.6  36.9 32.9 30.2  27.1 .| 20. 14.6  10.4 8.9 8.5 8.6 8.6 8.8 9.2 9.5
3.4 2.8 2.3 2.5 2.4 2.5 2.8

S.D. : 10.3 9.2 9.3 9.3 6.3 5.1 48 ke b9 4.8 3.7

Table No. 85 Modulus of Impedance (Za Kg) - Relaxed Posture
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Modulus of Impedance/Subject Weight|for 1l4 Male Subjects - Relaxed Posture

Frequency Hz 3 b 5 6 7 8 9 10 - 12 14 ~16 18 20 22 24 26 28 30
Subject M1 1.179 1.1 1.328 .913 647 531 498 431 2332 .265 .2k9 .215 .199 .199 .199 .199 215 .215
"oM2 1.151' 1.439 1.151 :767 614 556 460 383 287  .2k9 211 .19 .191 Q91 .91 .91 W01 .21
o - M3 1.321  1.565 1.50% 1.260  .873  .792  .752  .731 | .640  .L467 :345 S W243  .203  .203  .203  .223 .26 .30k
"oM4 1.152 1.25% 1.203 1.016  .762  .661  .593  .508 .36k ;':169 35 .118 135 135 W35 W135 .35 '.135
"M 1.082 1.2k 1.181 .83  .649  .570  .531  WJAs2 | 393 196 177 157 157 JA57 L1570 137 137 137
" 16 1.236 1.360 1.282 1.00k .788 .695 .618 525 | JA01 .32k .293 .278 27 .231 .231 231 231 231
" M7 1.385 1.417 .9k .592  .503 g2 g2 25 3w .57 .09 .078 .07 .09 .09  .0%hk .09k . 0%
v M8 1.320 1.320 -940 742 635 .569 Shl 495 J4h6 181 115 °  .082 . .082 .082 .099 115 132 0 132
" M9 .. 1,311 1.276 1.136 909  .716  .576 | 505 Jh72 .é?; A74 L1220 .10k .087 .10k L10h 122 122 122
" MO 1.064% 1.247  1.13%7 .889 .660s  .587 ;550 ©.513 k12 366 .183 165 .165 <146 <146 165 165  ,.165
o MIL . 1.366  1.457  1.298 L9111 .637 569 512 455 | .250  .227  .205  .182  .182  .205  .205  .205  .227  .227
" M12 1.108 1.396 1.330  .886 643 .598  .55%  .532 399 W24% 0 L2210 L.177 1S5 .155' 133 L1330 .155 .155
"o M1k 1.279 1.360 1.279. .852  .751 .716 649,609 527 b6 223 182 162 .162 .162  .162  .162 .162

M5 1.236 1.127  .781  .654  .581  .563  .509  .463 | .263  .18L .145  .127 .A5 0 .15 A5 b5 145 163
Mean 1.25 1.35 118 .87 .68 .60 .55 .50 38 .26 19 .16 .16 16 6 a6 a7 .18

S.D. .10 .11 .18 .16 .03 .06 .08 .08 .10 .09 .07 06 .05 .ok .0k .ol .05 .05

Table No. 8 6 Modulus of Impedance/Subject Weight - Relaxed Posture
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Phase Angle results for :@| 11 Male Subjects - Relaxed Pésture
Frequency Hz 3 4 5 6 7 8 9 0 | 12 % 16 18 20 22 2L 26 28 30
Subject M1 -2 =10 -0 -30 37 =43 45 b7 -5 -39 31 31 30 30 30 30 30 =30
V, M2 30 -4 <47 56 -70 -8 =95  -70 S =55 =50 =50 =55  -=58 62 -68 6k
o M3 -20 -3 -3 -k -8 -5 54 55 51 48 -k -38 .36 34 32 30 20 <30
" Mh -12 =27 -38 =47 -49 -50 -50 -50 -50 - :__49 -4 ko —40 =37 —34 -31 -30 -29
MG -5 -3 -~k -4 -50 55 57 _58 -0 =62 =53  ~u8 -4 -l -38 36 36 =36
noooug -18 -2 28 k2 ~50 ~48 -k =B 50 -4  —ho =36 -3 -3 -30 -30 -31 ~32
"M -20 35 43 48  -55 -62  -60 57 -60 -4 -h2  -ko  -b0o 38 38 =36 35  -3h
vz -5 26 -3¢ ks 52 -56 =58 -57 ~60  -58 -hky =43  -43  -ko =38 3 35 32
" om0 -2 38 -y 50 =51 -53 .59  -62 Lo -s0 -6 k2 <ho  -38 -3 32 1 30
w w2 -4 -l -0 .35 b3 . .51 55 51 52 -52 -3 -ho  -38 36 32  —28 =25 » =22
" M5 8 —25 35 k2 —h2 L2 —4h 43 .52 -4 38 .36 -3  -28 28 =27 =27  —27
Mean ~17.1 -22.3 -35.8 -43.8 -49.7 -53.5 56.7 -5k.6 ~55.5 <50.4 -43.8 —4o.b -38.6 37.1 -35.8 -3h.5 3hb  -33.3
S.D. 8.1 9.0 9.1 6.7 .8.1 11.7  13.3 6.7 6.8 6.0 6.5 5.2 5.7 7.0 7.8 9.3  11.1  10.2

Table No. 87 Phase Angle results - Relaxed Posture




Meodulus of Impedance

Results for Subjects F1 and F2 Erect Posture

Frequency Mean of Modulus ef k Mean ef Medulus of

Hz - Inmpedance Kg ' Impedance/Subject Weight
3 5k 1.251
% 60 . 1377
5 52,5 1.205
6 bl 1.010
T 36 T ,826
8 2125 : .625
9 2k : ’ 0551
10 21,25 18T
2 1.5 332
1k 1045 241
16 9.5 ] .218
18 . 9 o 206 -
20 | 9 - 206
2z 9 .206
ch | 9 - -206
26 9 ' | ) +206
28 ' 9 .. : 206
30 9.5 | .218

Table No. 88




Mean of Modulus of Impedance

Results for Subjects F1 and F2 Erect Pesture

Frequency | Mean ef Modulus of Impedance for F1 and F2
He Xg (dyres x sec/cn) x 107
3 5445 . 1038.25
b 60 1512.0
5 52.5 1618.5

6 B | 1658.8
7 - 36 - 1584.0
8 o125 1373.4
9 ol 1356.0
10 - 21.25 1338.75
12 1k.5 ) | 1094.75
1 ‘ 10.5 52k.,0
16 ‘ 9.5 959.5
18 9 1017.0
20 9 1134.0
) 9 1242,0
o 9 1359.0
26 9 1h67.0:
28 9 158%4.0
30 9.5 1795.0

Table No., 89




- 504

Phase Angle
Results for Subjects Fl and 2 Erect Posture

‘Frequency Mean of Phase

Hz - Angle Degrees
) 3 -~ 39
» s
5 - 60
6 - 72.5
7 ~ 91.0
8 - 92.5
9 - 92.5
10 - 70
12 A - 62.5*
1k - 61.5
16 = 57.5
18 : - 57.5
20 | . - 58
22 - 60
24 | ‘ - 63
26 | - 65.5
28 - -~ 70
30 - 80

Table No. 90




Frequency

Hz

OV © = O W & W

10
12
14
16
18
20
22
2h
26
28
30

Modulus of inpedance

Results for Subjects F1 and F2 Relaxed Posture

Mean of Modulus of
Inpedance Kg

55
60

25
k0.5
34
24,5
21.5

18.5

9.5
8.5

Te5
8.5

9.5

Table No. 91

Mean ef Meodulus of
Inpedance/Subject Weight
1.262
1.377
1.262
«929
.780

505



Mean ef Modulus ef Impedance

Results for Subjects F1 and F2 Relaxed Posture

Frequency Mean of Modulus ef Inpedance for Fl and F2

Hz Xg (dynes x sec/cn) x 103
3 55 1039.5
L 60 ' 1512.0
p 55 : 1727.0
6 k0.5 . 1526.85
T 34 1h95.o
8 2h,5 : - 1234,8
9 21.5 1214775
10 | 18.5 1165.5
12 | 1 | | 830.5
1 9.5 »836.0
16 ‘ 8.5 : 858.5
18 8 * 904.0
20 8 1008.0
22 * 7.5 . 1035.0
2k 8.5 o 1283.5
26 9 1467.0.
28 : 9 ‘ . 158%4,0
30 9.5 1795.5

Table No. 92
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Phase Angle
Results for Subjects Fl1 and 2 Relaxed Posture

Frequency , Mean of Phase
Hz Angle Degrees
3 - L;S
i 4 ~ 55
5 - 73
6 - 73.5
7 - 85
8 ~ 103.5
9 - 97.5
10 - 91.5
12 _ - 69.0
14 - 62,0
16 .. = 56.5
18 - 5h.5
20 | - 52,5
22 i - 51
24 | - 49
26 S — 48
28 —.b,?.s
30 ‘ ' - 48

Table No. 93
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Modulué of Impedance

Results for 14 Male Subjects Erect Posture

Frequency Mean of Modulus S.D. of Modulus

Hz of Impedance Kg of Impedance Kg
.3 66.571 11.056
4 74.000 11.600
) 73.143 10.676
6 61.929 10.586
7 47.964 | 9.419
8 40.857 6.334
9 36.071 4.906
10 32,714 5.188
12 26.143 3.776
14 22.107 -~ 2.674
16 17.179 | 3.614
18 13.500 3.041
20 . 11.500 A 2.528
22 10.429 2.352
24 | o 9.500 ; . 2.291
26 C9.357 | © 2.408
28 - 937 2.715
0 9.500 | 3.041

Table No. 94



Frequency

Hz

~ o Vv AW
Frwen

Ao I o <]

o

Modulus of Impedance/Subject Weight

Results for 14 ¥ale Subjects Erect Posture

Mean of

M. of I./Sub. Wt.

1.2141
1.3501
1.3511
1.1631
.8850
<7547
. 6681
.6068
.4851
.4105
.3182
2517
2134
1941
.1761
1739
174
~.1768

Table No. 95

S.D. of
M.of I./Sub. Wt.
1077
.1120
.1450
.1890 .
1730
.1270
.1220
.1.300
.0570
.0762
.0796
.0754
.0572
.0547
.0483
.0501
.0558
.0614
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Modulus of Impedance Results for 14 Male Subjects

Z in dynes x sec x 105 Erect Posture
cm

Frequency Mean of Modulus of Impedance S.D. of Modulus of Impedance

Hz (Zv) dynes x sec/cm x 10 (Zv) dynes x sec/cm x 107
i 3 1283.36 213.08
4 1202.10 - 298.15
5 2342.63 341.90
6 2381.39 407.08
7 2152.60 : 422.79
8 2100.38 | 325.58
9 2078.76 282,74
10 2102.21 ' 333.34
12 2013.28 | 250.80
14 1584.31 240.01
16 1769.80 362.30 -
18 1556.01 350.47
20 | 1477.98. g 324,87
2 1467.98 | 331.09
24 _ ~ 1463.19 . 352.82
26 1555.70 400.55
28 1679.7% 487.36
30 '1831.41 o 586.30

Table No. 96
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Modulus of Impedance Results for 14 Male Subjects

Zv in lb-sec/ft. Erect Posture

Frequency Mean of Modulus of Impedance S.D. of Modulus of Impedance -

Hz . 1b-sec/ft. | 1b-sec/ft.
. 3 86.061 14.29
A 127.55 | 17.9%
5 157.09 22.93
6 159.69 | 27.30
7 1kk .35 28.35 |
8 140.85 ' | 21.83 B
9 139.40 18.96 \
10 140.96 22.35 }
12 135.00 - '19.50
14 133,06 ' 16.09
16 118.68 ' 24,97
18 104,34 B 23.50
20 99.11 21.97
22 98.44 22.20
24 9812 | 23,66
26 - Dok 26.86
8 112,64  32.68
30 122,81 | 39.32

Table No. 97
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Phase Angle

Results for 11 Male Subjects Erect Posture

Frequency  Mean of Phase S.D. of Phase Angle
Hz Angle Degrees Degrees
A 3 - 13.1818 7.2841
b - 21.0909 8.8261
5 - 27.364 10.011
6 ~ 33.636 o 9.726
7 - 43,455 ‘ 10.560
8 - 50545 9.3260
9 - 54,09 9.0700
10 — 54.273 _ 8.378
12 - 54,181 6.1173
1k = 55.727 . 4,453
16 - 52,00 4,5327
18 - 50,182 5.875
20 ' - 49.727 - 7.25
22 - 48.636 ‘ 7.619
24 - - 47.818 . 7.493
26 - ue.shs 8.2722
28 =~ 45.909 - 9.462
30 ~ 4k, 546 , 11.2036

Table No. 9 8




513

Modulus of Impedance

Results for 14 Male Subjects Relaxed Poéture

Frequency Mean of Modulus S.D. of Modulus
Hz of Impedance Kg . of Impedance Kg
T3 67.214 10.325
4 73.500 9.210°
5 63.9%0 9.310
6 47.571 9.270
7 36.893 6.297
8 22.893 5.135
9 30.179 4.765
10 27.071 4.559
12 20.607 4,888
14 14.571 | : 4,821
16 10.429 3.678
13 | 8.929 3.369
20 | 8.500 " 2.850
22 8.571 2.293
24 . 8sm 2.470
26 8.766 2.430
28 | 9.214 T 2.5%

30 9.500 | 2.847

Table No. 99




Modulus of Impedance/Subject Weight

Results for 14 Male Subjects Relaxed Posture

Frequency

A

Mean of

M.of I./Sub. Wt.

1.228
1.348
1.176
.874
676

Table No. 100

S.D, of

M.of I./Sub. W&,

.1025
.1080
.1821
L1574
.0312
.0601 -
0753
.0846
0982
.0945
.0682
.0571
.0473
.0435
.0424
-.0416
.0472

0543
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Frequency

Hz

O 0 N 0N W & W

10 .

14
16 -
18
20
22
2k
26
28

Modulus of Iﬁpedance Results for 14 Male Subjects

Z in dynes x sec x 10> Relaxed Posture

cm

Mean of Modulus of Impedance

(Zv) dynes x sec/cm x 107

1295.7
1889.2
2047.6
1829.3
1655.7
1690.9
1739.3
1535.5
1587.1
1307.8
1074.5
1029.3
1092.4
1206.4
. 1320.0
1458.6
1653.4
1831.4

Table No. 101

S.D. of Mcdulus of Impedance

(Zv) dynes x:sec/cm x 103

199.0
236.7
298.é
356.5
282.8
265.3
274.9
293.1
376.6
432,7
379.1
| 388.4
366.3
322.3
380.5
bol.0
456.0
549.5



Modulus of Impedance Results for 14 Male Subjects

Zv in lb-sec/ft. Relaxed Posture

Frequency Mean of Modulus of Impedance S.D. of Modulus of Impedance

Az 1b-sec/ft.. | lb-sec/fte
3 86.89 | 13.34
4 126.69 15.87
5 137.30 19.99
6 122.67 , 23.91
7 111,03 18.96
8 113.39 C17.72
9 116.64 18.43
10 102.97 19.65
12 106.43 . *25.25
14 87.70 29.02
16 - 72.05 ’ ’ 25.42
18 \ 69.0. | 26.0%
20 | 73.26 - o 2hus6
22 90.90 ' 21,61 -
b 88.57 | _ - 25.51
26 " 97.81 | a 27.09
28 110.88 - 30.57
30 1228 o 36.85

Table Ne. 1 02




Frequency

Hz

woF W

O 00 N3 OO

10
12
1k
16
18
20
22
2k
26
28

Phase Angle

Results for 11 Male Subjects Relaxed Posture

Mean of Phase

Angle Degrees

-17.1
—22.27
- 35.818
- 43,818 .
~ 49.727
- 53.455
- 56.7273
- 5h.636h
~55.455
- 50.36%
- 43,818
—40.364
-38.636
-37.091
-35.818
- 34,455
-34.3636
-33.2727 -

Table No. 103

S.D. of Phase Angle

Degrees

8.118
9.046
9.05
6.7125
8.069
11,6953
13.2534
6.7187
6.787
5.989
6.506
5.157
5.6612
6.921
7.791
9.267
11.105

~10.2229




Freguency
. Hz

O 0~ o\ W

18
20
22
. 24
26
28

Mean Values for M1, M2 and M3

Za
ko

=]

66.3
74.7
73.0

47.8
41.3
3.6
32.0
26.3
21.3
17.3
15.3

' 13.6
12.3
11.0
11.0
11.6
12.3

Modulu; of Imnedance

Brect

Zv
Dynes x sec/cm x 10

6

1.28
1.92
2.33
2.33
2.15
2.12
2.05
2.06
2.03
1.91
1.78
1;76
1.75
1.73
1.69
1.83

2.08

2.37

Table No. 104

E and R.

a
kg

65.3

79.0
n.3

52.3
38.0
33.3
30.3
27.3
22.2
17.3
14.0
11.7
10.7

10.7

' 10.7

ll.o
12.0

13.0

518

Relaxed
v
Dynes x sec/em x 106

1.26
2.03
2.28

- 2.01
1.71
1.71

- 1.75

1.76
1.71
1.55
1.44°
1.35
1.37
1.51
1.65
1.83
2.15
2.51
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Pliase Angle
Mean Values for M1, .}12 and M3 E. and R.
E_rect. ' Relaxed
Fréquency Phase Angle Phase Angle

Hz Degrees (Za) Degrees (Za)
3 - 17.3 ) - 65.3
4 - -27.3 | - 79.0
5 - 35.0 | _ - .3
6 - 42.7 - '52.3
7 - 51.7 : - 38.0
8 - 60.3 - 33.3
9 - 64.7 | : © -130.3
10 3 - 56.7 ’ - 27.3
12 - 52.0 - 22.2
14 - 47.3 +17.3
16 - - 42.3 - 14.0
18 - 39.7 ' - 11.7
20 7 _ - 38.7 - 10.7
22 - 39.7 B - 10.7
o4 - 40.0 - - - 10.7
26 ' : - 40.7 - 11.0
28 - 42,7 | - 12.0

30 - 4.3 . - 13.0

Table No. 105
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Mean Value of Modulus of Impedance for

Ml, 2 and 3 in a tracking posture

Frequency Mean of Modulus of Mean of Modulus of

Hz Impedance Kg Impedance/Subject Wt
) 3 62 - 1.154
4 2 1.333
5 72 1.342
6 57,7 11,088
7 ks .849
8 38 <714
9 32.3 | .608
10 - 29 548
12 v24.7 o471
1k 21.5 11
16 18.0 - 343
18 17 , 319
20 | T _ .266
2 11 o .206
24 10.3 , 193
26 | 1007 .189
28 | 10.3 . 191
30 10.5 193

Table No. 106
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Mean of Modulus of Impedance

Results for Subjects M1, M2 and M3 Tracking

Frequency Mean of Modulus of Impedance for Ml, M2 and M3
Hz Kg dynes x sec/cm x 10°
N 3 62 | 1196.6
h 72 1850.4
5 72 2304.0
6 57.7 2221.5
7. 4s.3 2034.0
8 38 1953.2
9 32.3 1860.5
10 29 1864.7
12 24,7 19019
14 21.5 _ 1930.7 ' _ ’ _
16 N 18 ” 1854.0
18 15.3 1764.1
20 o 1799.0
22 | 11.0 | 1548.8
2l 10.3 | 1586.2
26 S 10.1 1679.6 ’
28 \ 10.3 _ 1848.8
30 o 10.5 - 202l .4

Table No. 107
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Phase Angle Results for Subjects M1, M2 and M3

Tracking Posture

Frequency Mean Phase
Hz Angle Degrees
3 - 2.3
4 -10.7
5 -22.3 )
6 -30.7 -
? ~42.0
8 = 48,7
9 - 52.0
10 - 53.7
12 | ~ 52,7
14 - 48,7
16 , - 1.3
18 _ - 39.3
20 : - 38.7
22 | - 32.7
24 | -37.3
26 : o - 38.7
28 . | ~37.7

%0 | | - 36.7

Table No. 108




Modulus of Impedance

Results for Subject M1 Standing Erect

Frequency
HZ

3

0 ~N o\

-0

10
12
14
16
18

22
24
26

28

Modulus of Impedance for M1

(za)kg

70

32
29
24
20
17
13
11.5
. 10.5
9.5
8.5
8.0

7.0

Table No. 109

(Zv)Dynes x sec/(,mxlo6
1.35
2.00
2.69
2.58
2.11
2.06
1.84

1.86
- 1.85
1.80
.75
1.5C
1.48
1.48
1.46
1.41

1.44

1.35

o eaal
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Fregquency

Hz

0 o 0~ oy W H W

10
12
14
1.6
18
20
22
24 .
26

28

Modulus of Impedance

Results for Subject M2 Standing Erect

{odulus of Impedance for M2.

(za)ke
94

108

115

59
56

48

S

g.

18

16.5

12.0
10
8.5
8.5
9.0
7.0

'Tabl'e No. 11 0

(Zv)Dynes x sec/em x 100
1.81
2.78
3.68
3.4]
2.65
2.88
2.76
2.70
2.62
2.25
1.85
1.90
1.54
1.4L
1.31
1.41
1.62

1.35 -
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Modulus of Impedance

Results for M1l and M2 Standing Erect

Frequency -Mean of Modulus of Mean of Modulus of
Hz Impedance Kg Impedance/Subject Weight
3 82 1.138
4 93 _ 1.291
5 9.5 1.381
6 78.5 1.090
7 53 7%
8 P ' 666
9 40 ' 355
10 353 -493
12 29 ».402
14 22.5 .312
16 - 17.5 ' .243
18 14.8 .194
20 | 11.8 . 64
22 10.3 " .143
24 ) 9.3 ; 125 .-
26 - | 8.5 | .118
28 V 8.5 .118 ‘
30 | 7.0 0% |

Table No. 111




Frequency

22
24
26
28

¥odulus of Impedance

Results for Subjects M1 and M2 Standing Frect

Mesn of Modulus of Impedance for M1 and M2

(za) Kg

82
93
9945
18.5
>3

.5
29.0
22.5
17.5
14.8
11.8
10.3
9.0 .
8.5
8.5
7.0

Tabte No.1 12

(Zu)dynes x sec/cm x 100

1583
2390
3184
3024
2398
2467
2304
2283
2233
2021
1803
1706
1516
1450
1386
1414

. 1526
1350
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Phase Angle
Results for Subjects M1 and M2 Standing Erect

Frequency Mean Phase
Hz Angle Degrees
3 - a5
- 4 ~11.5

5 -19.5
6 - 26.0
7 =35
8 - 43.0
9 - 50.5
10 - 56.0
12 -- 65.0
14 L | ~79.0 ‘

16 ' - 84.0
18 - - 86.5
2c o -91.5
22 T -93.5
24 o ) | - 9.0
26 - - 69.0
28 : -73.0
30 _ -70.0

Table No. 113




Frequency

Hz

0 @ <~J o U W

10

14
16
18

22
24
26

28

Modulus of Impedance

Results for Subiect M1 Standing Relaxed

Modulus of Impedance for M1l

(Za)kg (Zv)Dynes x sec/em x 106
80 , 1.54 |
81 2.08
85 2.2
82 : 3.16
61 2.74
a4 2.26
37 2.13
30 . 1.93
26 2.00

21.5 1.93"

18 1.85
14 ' 1.61

12.5 1.60
12 . - 1.69
10 ' 1.54

9 . 130
10 | 1.80
0 1.93

Table No. 11 4
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Modulus of Impedance

iesults for Subiect M2 Standing Relaxed:

'f“i-equency ‘Modulus of Impedance for M2
Hz Tza)kg  (Zv)Dynes x sec/m x 100
- 3 86 1.»66

4 81 - 2,08
5 87 2.7
6 68 2.62
7 49 . 2.20
8 | 54 | 2.78
9 ) 55 3.17

10 | 48 3.09

12 38 2-93‘

14 28 _ 2.51

16 A 22 2.27

18 | 17 1.96

20 13 d 1.67

22 10 '- 1.41
24 8.5 - L3

26 | 9 1.50

© 28 ' -9 1.62

30 | 1 1.35

Table No. 5




Modulus of Impedance

Results for M1 and M2 Standinz Relaxed

Frequency Mean of Modulus of Mean of Modulus of
Hz Impedancé Kg Impedance/Subject Weight
3 83 1.152
4 81 . 1.124
b/ 86 . 1.194
6 75 ' 1.041
7 55 - 763
8 49 .680
9 46 .633
10 39 541
12 32 244
14 24.7 .343
16 20 E .278
18 1 15.5 .215
20 - 12.8 . | .178
22 : : 1 153
24 9.8 - | .136
2% 9 125
28 : 9.5 ' .32
2 8.5 .18

Table No. 116
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Modulus_of Impedance
Results for Subjects M1 and M2 Sta;mding Relaxed

Frequency Mean of Modulus of Impedance for M1l and MZ
Rz (za) Kg (Zu)dynes x sec/em x 107
3 83 ' 1602
4 81 » 2082
5 86 2752
6 1% 2888
1 25 2570
8 49 N 2519
9 46 2650
10 | 39 2508
12 32 2464
14 ' 24.7 2218
16 20.0 ' 2060
18 15.5 1782
20 12.8 . 1645
2 11 o 1549
24 9.8 * - - 1509
26 ' 9 | 1497
28 9.5 2705
30 8.5 1639

Table No. 117
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Phase Angle

Results for Subjects M1 and M2 Standing Relaxed

Frequency : ‘Mean Phase

Hz . Angle Degrees
3 - 6.5

) 4 -11.0
5 -19.5
6 “ ) -27.0
7 - 36.0
8 -40.5
9 ~45.0
10 - 54.0
12 -70.0,
14 -78.5
16 , . - 80.0
18 | - 87.0
20 | 3 - 84.0
22 - ~ 84.0
24 ' ) -0
26 - o - 63.0
28 | - 56.0
30

- 515

Table No. 11 8
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Modulus of Impedance

Resnlts for Subject M1 Standine with knees bent

Frequency Modulus of Impedance for M1
He | (za) Kg. (Zw)dynes Sec/em x 107
3 20 . 965
- a4 46 1182
b) N ‘ 992
6 - 18.5 72
7 17.5 786
8 19 . an
9 19 1094
10 20 1286
12 18.5 1425
14 16 1437 ’
16 13.5 ‘ 139
18 12 1384
20 14 1799
22 14 3 1971
24 10.5 | 1617
26 9.5 . 1580
28 | 9 | 1616

» 8 - 1542

Table No.119




Frequency

Hz

O 00 N o 1 F W

- 10

b
16
18
20
22
2k
26
28

30

Sitting Erect Posture.

S.D.x100/Mean % for Modulus

of Impedance/Sub Sitting Wt

8.871
8.296
10.812
16.251
19.548
16.841
18.263
21.416
20.000
18.540
25.031
29.920
26.854
28.195
27.443
28.816
- 32,068
34.689 -

Table No. 120

S.D.x100/Mean % for Modulus

of Impedance (Za)

-16.607
15.675
14.596
17.093
19.639
15.503
13.600
15.859
1h. bl
12,094
21.034
22,528
21.986
22.549
24,118
25.740
29.017
32,014



Frequency

Hz

20

22
2k
25
28

Sitting Relaxed Posture

S$.D.x100/Mean % for Modulus S.D.x100/Mean % for Modulus

of Impedance/Sub Sitting Wt of Impedance (Za)
8.346 , ' 15.361
/8.011 12.530
15.476 14,562
17.963 19.486
4,585 17.068
9.933 , 15.611
13.562 15.789
16.833 ' 16.84%0
25.857 23.730
36,43k 33,086
35.051 32,267
34.756 \ 37.730 ,
30.128 33.529 |
27.215 K 26.753 %
26.751 31.968 ?
25.4k65 - o 27.720
- 27.810 | 27.523

30.857 - 29.968

Table No. 121




SUBJRCT DATA

Coermann Suggs et al Lawes
(1963) (1969) (1971)
MALE MALE MALE FEMALE
Standing Height cms _ \
Mean ~181.5 - 179.2  166.7
S.D. 2.5 - 5.06 - :
Max. height 193.0 - 185 167.5
Min. height 170.0 - 168 166.0
Total Weight kgs.
Mean 85.31 77.11 70.72  56.25
. 8.D 3.44 - 7.1 -
Max. weight 99.5 88.5 84 60.7
Min. weight .7 53.5 €0.2 51.8
R
Sitting Height cms
Mean - - 62.8 86.5
5.D. - - 2.56 - |
. |
Max. Sit.ht. - - | 95.5 87 ‘
Min. sit. ht. - - ‘86 86 -
Sitting Weight kgs
- Mean - 60.60 54.65 43.55
- 8.D. - - 631 - ‘
Max. sit. wt. - - 64.7 48.6 :
Min. sit. wt. ~ ‘ - 43.9 38.5 ;
Age Years !
Mean 34.13 ¢ - - 25.21 24 _ ‘
S.D. . 2.15 . - 3.14 - |
Max. Age 47 - 34 26
Min. Age 29 - - 22

Tabie No.122




Frequency
Range

No. of Subjects

Primary
Anti-Resonance

Secondary
Anti-Resanance

Primary
Resonance

Values of Impedance are given in Dynes x sec®/cm x 106

fodulus of Impedance Results

Sitting Erect

Coermann . .Suggs et al

(1963) (1969)
2 - 20 Hz 1.75 - 10z
8 11
5 Hz © 4.5Hz
4.95 2.47
11 Hz 8 Hz
3.30 1.42
8.5 Hz 7 Hz
2.90 » 1.39

13

Laves
(1971)

3 - 30 Hz

The results of Supgs et al are included in the sitting erect A

table although Suggs did not specifically define the posture

he used.

Table No. 123
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Modulus of Impedance Results

Sitting Relaxed

Coermann _ Lawes
(1963) (1971)

Frecquency 2 - 20 Hz 3 - 30 Hz
Range
No. of Subjects 1 14
Primary 5.2 Hz : 4.2 Hz
Anti-Resonance 5.05 2.0
Secondary 11.5 Hz 9.0 Hz
Anti-Resonance 2.9 1.74
Primary 9.Z Hz 7.0 Hz
Resonance ' 2. 1.65

Values of Impedance are in Dynes x}secé/bm X 106

Tﬂe results from Coermann are for one subject RC, graphieal
data is also given for another subject, W B. See Fig. No.
Two plots are given for this subject which differ conside?ably,

so the values detailed above sre for subject R.C. only

‘Talie No.12 4




Frequency
Range

No. of Subjects

Primary
Anti-resonance

Secondary
Anti-resonance

Primary
Resonance

Vales of Impedance are given in Dynes x sec2/bm X 106

Modulus of Impoedance Results

Standing Erect

Coermann

(1963)

2 - 20 Hz

- 539

Lawes

(1971)
3 - 30 Hz

1 (Subject M2)

5 Hz
3.68

8.0 iz
2.88

7.1. Hz
2.65

. M2 was chosen as he was the subject of above average
J g

tuild (compared to the rest of the subject panel). This was to

ensble a more direct comparison to be made to Ccermann's

results.

Tabte Bo. 1 25




SUBJECT FILE-CONFIDENTIAL L
FORM OF DECLARATION ~ IR PR NI
(TO BE REDECLARED FOR hACH Expzmm) :

: I P S £ o -
PARP I e e . P T S S AT A A U A S ‘
. . |

(1) .Are you in good health? : YES/NO RESE RN TR s B

[T

If NO plea.;e explaim_ RIS U TS TN PV A N

m e e v~ care? - AT

PR N SR i
feart el TS .sh -

@) Have you ever suffered from a serious illness, or had
any operations? YES/NO

. I YES pléase' explain, giving dates T LI
. (3) Have ycu ever been injured? (necgssitating treatment by S
a doc tor or hosplua.l) , YES/NO , n
Ir VES please explaix_x_wi S s
! ce et el e e PR B S AT N -- v ’ ) e ,';
| WL II T ool G4

4) Do you suffer from any disability or deféct affecting Jour _
) dai]." ]ue" } IE..;/NO T P T

» 3" If YES please explata- © i T T

P A R T T g PR IR 7 R (o
B N S LR B A T A
(5)  Are yoy at present under Medlical ‘treat tment of any kind?, -
YES/NO o : T v
e e Lot P AL A I R S ro ':":".v:"“"“'.'ﬂ .-:Ji“. K": 0’;—~
~If YESY please exnlain't T e e T L
LS . '.',""',;’ SR S R SRS A )

(6) Are you suffering from or have you buffered from, amr oE
"©°  the following conditions? = e » :

a) Coughing up, vonitmg or passing blood 'YES/NO »

) Weers e T e ‘—"f«'%/NO AT

Viee) Haemormoids (niles) R A YES/NO

" 'd) Intermittent paln, blanching or numbness
of the fingers, " YES/NO

e) Back injury, stram", or back pain _ YES/NO

(7).. . Have you during the previous month had a vaccination op ¢ .7
- innoculation, or given blood for transfusion? YES/NO

. If ,ms’ B 1) 61 o I RS-

R i R e b AL e el b et

.(8) Have you during the previous veay had an X-ray, or. underc,oneh
radiation treatment? YES/NO .

T I YES, when"




NG

(10)

- (1)

(1)

(2)

3

()

(6

DATEs

. Stgnature of experimenter(s),

Signature of staff completing this declaré.t;on: R

. - e e e s Ty e e
v -‘- 1 h [

Have you any obJect.ion to havino' electrodes or otheg devices L

attached to the surface of your body? ; YES/NO

.

Have you any objection to swallowin" ans experx ~imentgl device,
and recovering it for Zuture use? YES/NO -
Wouid —ou be willins for vour own doctor to be' asked for
ils opinion as to sour fitness to take part as a subjget

in acceleration and/or vibration experiments? YES/NO

" I YES please glve our doctor's name and addresss

| ——-—-PAEP I_I‘ A‘. : - :  e 4f;.< ‘ ot e w0

I . hereby volunteer to e an
experimental subject in an Acceleration/Vibration experiment
at Uhiversity of Technology, I.oughborougl Dapartment of
Epgonomles and Cybernetios,

My repl.ies to all the questions above are correct to the
best of my knowledge and belief, :

I understand that the information about ayself whioch I have

glven wi}.} be treated as confidential by the experimenter (s).

Satisfactory explanations of the purpose of the experiment,
the nature of the acceleration/vibration to be used, and how
I may stop the experiment, have been given to me hy the.
experimenter(s), - o

¥hile agresing to attend for the purpose of the experiment,
I fully understand that I may withdraw from taking part in -
the experiment, and that I am under no obligation to give

eny reason for my withdrawal, or to a.ttend for f‘urthﬂr experi-‘

mentation.

© Waile in the Acceleration/Vibration 1abora.tom, or any associated
laboratory, I undertake to obey the regulations in force governing
1ts use, and the instructions given to me by the experimenter(s)

recarding safety and experimental procedures, sub.ject only to
my right to withdraw as declared above,

19___, Stgnature of Applicant (Subject) °:
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FORM OF APPLICATION TO TAKE PART AS A SUBJECT IN

ACCELERATION AND/OR VIERATION EXFTERIMENTS,
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PIATE No. 8 FORCE CELL. (View with base plate removed.)




PLATE No. 4 SUBJECT IN STANDARDISED ERECT POSTURE. (Front view.)




PLATE No. & SUBJECT IN STANDARDISED ERECT POSTURE., (Side view.)




PLATE No. ® SUBJECT IN STANDARDISED RELAXED POSTURE, (Front view. )
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PLATE No. 8 SUBJECT IN STANDARDISED TRACKING POSTURE. (Front view.)
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APPENDIX 1

ACTUATOR




Al -1 Introduction

The actuator installed at Loughborough University for use
in human whole-body vibration experiments was a Servo-
Consultants Model H.V.1l. The actuator was designed by Servo-
Consultants in consultation with the University. The special
safety features, and the actuators installation have already been
Qescribed in Section A - 3. The following’specification applies to
the actuator as used to conduct the Modulus of Impedance experiments;
thus the specification does not include the suggested modifications
listed in Section A - 5.

The distoftion figures given for the actuator performance
in Section A4~ 5. were obtained using a Solartron direct reading
Harmonic Analyser. The figures althcugh approximafe give an
indication as to the ?ercentage harmonic distortion present fr
the control unit oscillator, and the acceleration waveferm at the
actuator table for various loadings. (The acceleration being |
neasured by a Kistler piezo-electric accelerometer attached

rigidly to the underside of the actuator table).

A.1 -2 Actuator - Performence Specification

The nature of the research programme in vibration environment
to be undertaken in the Ergonomics and Cybernetics Derartment at
Loughborough University of Technology required an actuator capable
of reproducing "field" conditions in the laboratory. Experiments
had been undertaken using a pﬁotgraphic technique to assess
acceleration levels of certain parts of the body, during running

and walkihg.
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Using these levels and data obﬁained from research papers the
#ctuator performance specification was drawn up.

The actuator was to be powered by a Fairey hydrzulic power
pack capable of delivering 6 gallons per minute at a pressure
of 3,000 lbs. per sq. ins. (27 litres per minute at a pressure
of 200 bars). Thus the hydraulic power supply, safety
considerations and overall cost also influenced the actuators
gttainable perfofmence.

The total piston stroke of the actuator was 10 inches {250mm )
with and edditional 1 inch (25mm) of travel at each end of the
piston travel to act as hydraulic smubbers, preventing the pisten
impacting diréctly~into the bearing housing at either end of the
cylinder. The hydraulic snubbers tring the actuator piston.to
rest with an acceleraﬁion which is controlled by two (i.e. one
for each erd) pre-set pressure reliefl valves. The relief valves
can be ajjusted to>Cater for different piston loads and 'are reset
before any full experimental run.

The sctuator thrust was to be sﬁch that ibe following
acceleration levels coald be obtained dependent on the actuater
pay load. ‘

i) + 4g, with a piston loading of 300 lbs. (140kg)

ii) * 2 Qith a piston loading of 500 lbs. (230kg)

The Servo valve fitted to the actuator limited the piston
velocity to 50 inches/second (1.25m/sec) (up or down). .

The vibrator had & dynamic range of O - 100 Hz, providing

a working range of 50 Hi, subject to the preyiously specified limits.
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— The actuator was also'designed in such a way that its
overall performance could be increased by the fitting of a
second servo-valve. This would also require a larger
hydraulic power-pack for a significant increase in performance
to be achieved. |
The overall actuator performance is shown in Figure No. 10,

A.l. -3 Actuator - Mechanical Specification

the vibrgtor actuator piston was hard chrome plated, and
then ground to size. Lt moves in bronze bearings, which are
shrunk into square aluminium bearing housings. The bearings
are hydrostatic, consisting of three nydrostatic pads equally
spacea arcund the bora. The piston red is thus centralized by
three forces, each of which is proportional to the pad area and -
the oil pressure. :"(Thé pad areea is approxiinately 2% sq. ins.
(16 sq. cms.) |

The actuator manifold bridges the two sdﬁare aluminium
bearing housings, the servo valve bteing mounted in the middle
of the manifold. Also mounted on the menifold is the pressura
transducer.which measures the diffgrential pressure acro3s the
piston, the siénal from this.transdqcer is fed to the el=ctronie
control unit, to faciiitate the automatic control of the
pistons acceleration, during a frequency sweep.

The actuator is also fitted with hydraulic snubbers, this
is obtained by the pistdn cutting off the service port (only
a s@all hole is drilled into the snubber area to enable the

piston to return to normal operating travel) and the piston
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trapping about 1" (25mm)'of 0il and compressing it. The oil

being allowed to escape back to the exhaust line through a
pre-set Dyrex relieve valve. ‘the relief pressure setting on
this valve determines , together with the actuator pay-load
the retardation of the piston.

The actuator piston was drilled, and threaded at the
top with a 2" B.S.P. thread to enable a fixing to be screwed
into the piston to earry the required seating platform, or
test rig.’ i

"An . aluminium - table was
bolted to a flanged threaded shaft Vhich was screwed into the
actuator piston and locked by means of three allen headed
grub screws. lhe table was made from 2 15" square (380mm) of
aluminium 2" {50mm) thick. 7The block was milled down so
that thers: was A—central boss with eight webs radiatiﬁg from
it. The webs were 2" (S50mm} wide and were 1-25" (32xm) deep
at the centre tepering away to the edge of the plate. ‘The
plate between the webs was milled down to a thickness of 75"
(18m). The plate was also drilled and tepped to enable a
piezo-electric accelerometer to bé fixed to the under-side
of the plate. These holes. were d?illed to enable the force
cell to.be filled oﬁ top of the plate and to enable elastic
straps to be fitted which prevented the table from making
large rotational movéments, while mo&ing vertically.

This particular design of table was chosen so that the
platform was light, strong and possesséd a high ngturalr

- frequency. The table needed to be light to allow for heavy
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experimental rigs to be moﬁnted on it. The platform also
needed to be strong, so as not to deflect during experiments,
and éf a high natural frequency so that harmonic distortion was
not introduced due to the actuator operating at a frequency
which would excite the table into vibration.

A.l. - 4. Actuator - Electronic Control

Unit Specification

A detailed block diagram of the electronic control unit is
shown in Figure No. 227. The majority of the units used
ars conventional servo-system units, there are two units however
which are nct commonly gsed in industrial servo-systems., The
operation of these two units is outlined in the following text.

A.1. 4 -1 Contrnl Unit 642 B

The function qf this unit is to a2dd to, or subtracﬁ from the
imput signal to the“servo-valve amp lifier, in ovder to maintain -
the actuaitor output at the desired amplitude or acceleration level.
The nature of the Operatioh of the ciféuit requires that its time
csonstant should be. long (in order to stop the unit causing the
actuator to "hunt") Due to the long time constant of the
circuit it can be regarded as an outer loop controller. The ) -
actuator can thus be operated without this control unit in
circuit.

The operation of the cont:ol unit is such that it
rectifies the command, ahd feedback signals. ‘the D.C. level of
the feedback signal is now compared to the D.C._level of the
command signal at the input of anlintegrated circuit, variable
gain D.C. amphlifier. ihe output of this amplifier being fed
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to a thermistor controlled potential divider network.

‘The thermistor's heater currents are controlled by the
- rectified command, and feedback signals, therefore any
difference between the command and feedback voltage level

will cause one thermistor -to heat up more than the other.

This heating of one thermistor more than tﬁe other causes .
the potential divider formed by the thermistors to unbalance,
the unit then sends a larger (or smaller) signal than its
. usual datum signal to the servo-valve amplifier to correct
the imbalance betwsen the command and the feedback siénals.
A.l. 4 - 2 Servo-Valve AmglifierA
The purpose of the servo-valve amplif'ier is to process
the input signals it receives from the cscillator, control unit,
and the displscement transducer to obtain & push-pull
differential current output. This type of push-pull cutput is
required to operate the coils of the sarvo-valve. |
The amplifier also incorporates a current limiting circuit
between the amplifier and the servo-valve, this has the effect
of limiting thé piston velocity of the actuator to 50 ins./sec.
{1.25m/sec.) ‘

A.l. - 5. - Actuator Performance - Harmonic Distortion

The harmonic distortion figureé were obtained using a
Solarton Harmonic Analyser, the actuator load and
acceleration levels are shown with each set of data. The first
set of tables shows the disfortion figures for the internal

oscillatof, the second set represent the distortion obtained
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"from a Kistler piezo-eleétric accelerometer mounted underneath
the actuator table, Although the first set of results were
for the internal oscillator omly, the actuator was ruaning with

a table load as stated in the tables. (Tables No.!26 and 127 )




Acceleration level

Peak to peak "g" 1 1 1 ¥
Load Kg 60 60 60 60 60
Frequency H, 20 15 10 | 4 - 1
Harmonic
1. 100 100. 100 100 - 100
2. 54 1-9 1-0 1-9 -3
3. 4.3 3-2 2:2 2-1 4.7
4, 2.3 | 30 1-3 0-6 2:6
5. 03 0°8 2-1 1.3 4.3
6. 0-9 { 0-8°| 0-2 0-4 15
7- c-4 0-1 1.8 0-5 15
Total % Harmoniec 136 9-8 86 68 22.7

Distorticn

Actuator acceleration harmonic distortion

Table No. 128
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\ | f

Acceleration level 0 1 by 1

Peak to peak "g" * N

Load Kg 0 60 60 60

Frequency H, _ 20 20 20 1
“Harmonie |

, 1. 100 100 100 100

2. 2.9 2.9 29 2+

3. 1.7 1-5 1.4 1.1

4, 0.7 0.7 0-7 0-7

5. 1.4 1.4 1.5 0.5

6. 0-8 0-9 1-0 0.5

7. 0-8 08 [ 10 0-5

»
Total % Harmonie . . 5. .

Distortion 8:3 8-2 . 82 8:8 |

Table No. 1 27

Oseillator harmonic distortion-.
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PLATE No. ® ACTUATOR ELECTRONIC CONTROL GEAR.




PLATE No.i @ HYDRAULIC POWER-PACK.




APPENDIX 2

- PORTABLE VIBRATOR
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A72-1. Introduction

The portable vibrator was designed b& the author for
use é& under-graduate members of the Ergonomics and Cyber-
netics Department in practical experiments related to the
vibration enviromment. Although the portable vibrator
was originally designed for under-graduate use, it has also
been used in X-Ray, vibration transmissibility studies, where
a portable vibration machine was required for use in con-
junction with a hospital X-Ray unit.

A vivrator which could.be used by under-graduate
students had to be:—

a) safe - and preferably not capable of attaining
an injurcus acceleration level at any of its
operating frequencies.

b) reliable |

¢) offer a useful frequency range and various
acceleration levels to enable quantitative as
well as qualitative experiméhts to be undertaken..

d) transportable

e) easy to operate ' ' ' -

f) of a low cost. |

A mechanical actuator was chosen for the portable vitrator,
as.this type of actuator best fulfilled the requirements laid
down for the actuaior. An electro- magnetic actuator

was the only other type of actuator considered, tut as

this type of actuator is not commonly used in vibration research




little data could be found to assess this type of actuator;
or to help the author in the design of a émall portable
model. The cost of this type of actuator would also be
higher than that of a mechanical actuator.

There are several mechanisms that can be used in a
mechanical actuator to produce a sinusoidal motion:-

* a) Slider-Crank mechanism - this is one of the most

commenly use& mechanisms, but it does not produce
true sinusoidal motion. |
b) Cam-follow mechanism - this mechanism can produce
trve sinusoidal motion, as well as other cyciie
moticnz, by profiling the cam. |
¢) ScotchmYoke rechanism - will produce true sinusoidal
motion , tut the mechanism involves a large sliding ‘

s
bearing which could introduce "noise" on the actuator
acceleration waveform.

The cen-ifollower mechanism was chosen for the portable
vibrator as it is gimple to construct, AEceleration levels can

be easily changed by using different cams,:and other cyclic—

waveforms can be obtained by cem profiling.

A.2 -2 Design Parameters for the portable vibrator
The decision on the type of mechanism to be used, enabled

the author to evaluate the parameters necessary for the design

of the vibrator.

The most important parameter to fix initially was the

operational range, in terms of frequency and acceleration level.




"The actuator was to be used by undergraduate students

investigating self-induced vibration, and.comparing then
with forced vibrations in a similar frequency range. This
meant that the actuator would be regquired to produce vibrations
in the approximate frequency range of 2 - 10 Hz. The maximunm
acceleration levels attainable were to be set by the I.5.0. |
exposure limits (1969), and the power of the motor driving
the fibrator.

This type of mechanism, also sets an acceleration limit
of 2g {peak to peak), or the follower, unless it is spring
loaded will leave the cam on the dowﬁward stroke.

The pover of the motor was calculated such that the
actuator cculdiproduce an acceleration of 2g (peak to peék)
for a load of 1C0kg (to include cam follower mechanism, ‘
actuator vable, and éuﬁﬁéct), using an oversll transmis;;on
efficiency of 75?3 (this figure was chosen because a belt drive,
and speed variator were to be used for power transmission)
at an operating frequency of 10 Hz. A éraph showing the
vzriation of horsepower required against _oﬁerating frequency is
shown in Figure  No. 239. The motor used was a = h.p.
electric motor. |

The choice of speed reduction unit (i.e. from the standard
 electric motor speed of 1425 r.p.m. to 120 - to - 600 r.p.m.)
wvas limited by conAsiderations of cost and weight, as the
actuator had té be transportable. The main speed reduction was
accomplished by means of two fixed pullgys, and the speed

variation by means of a speed-variator (see Plate No. 11 \



the guard over the belt dri;es has been removed for the
photograph). The Qse of pulleys and vee-belts as well as
providing an economic speed-reduction arrangement, also has
the added advantages that:-
a) the belt drives add A degree of safety in the
fact that they will slip if the power trans-
" . mission through them is too large.
b) The belts do not introduce as much "mechanical
noise" into the actuator vibration cutput as an
equivalent chain or gear drive weculd.

The cam eccentricities now had to be sei to enable the
vibrator to be utilised for experiments within the 1.3.0.
"Exposure" snd Fatigue Decreases Proficiency" limits, and also
to utilise at the high frequency end of the vibration spectrum

s

of the actuator the motor power (the actuator was Yo be driven

by a quarter horsepower electric motor). The maxirum dis-

placement cam {cam A. peak %o psek displacement of 7-0mm) was -

designed to give an sacceleration of jusi’. less than 2g (peak to
peak) at the maximum operatioﬂal frequency:of the actuator -
i.e. 8:5H ,. The smaller cam (cam C. peak to peak.
displacement of 1l+4mm) was set'by the accuracy with which the
cam could be manufactured. The third cam (cam B. peak to peak
displacemént of 3-8mm) was designed to be the cam for normal
operation, giving ﬁ range of accelerations to céver the I1.S.0.
F.D.P. (Fatigue Decreased Proficiency) limits. A table

(Table No. 128 ) and a graph (Figure No.Z3B) give details

of the operating range of the actuator, the table being used
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T%y the under-graduate students to set the vibrator to

the required acceleration level.

The material chosen for the cams was nylon reinforced

with glass-fibre, a large ball-bearing in a cup housing

was originally used for aAfollower, this however grooved

the cam too much and altered the eccentricity. {and hence
“the attained acceleration levels.) The design was changed
to incorporate a small ball race as a follower, which also
meant the téﬁle had to be kept fixed in one direction. This
was achieved, in the same way the table on the electro-
hydraulic actuator had bteen fixed, by means of an elastic strap,
fixed to the table and to the rigid frame of the actuator.

The'actﬁator table was a 30cm square of 2.-5mm block

beard which was bolted to a flange, which could be remy&ed
from the main shaft, when the actuator Qaé being transported.
The subject sits on another piece of block-board which had a
30mm layer of matted horse-hair between this and the actuator
table. The horse-hair was used to ac£ as & high-{requency
mechanical filter. (A commercial filter to act cver this
frequency range would be very expensive).

A.2 - 3. Calibration of the Portable Vibrator

When the actuator had been constructed and initially tésted
the system was calibrated. The‘frequency of vibration was
measured by a Smiih's tachometer, this measuring the cem-
shaft speed, for selected variator settings. The speeds are

shown together with the variator settings in Table No. (25,
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together with the peak to peak displacements for the

three cams. The displacements were measured by means of

a dial gauge, the cam being rotated by hand. The table

was loaded with four 20 Kg cast-iron weights to simulate

a subject sitting on the actuator for the calibration tests.
‘The acceleration levels listed in Table No. 553

‘and Figure No. 238 were calculated from'the displacements;

some acceleration levels were measured using a plezo-

electric accelerometer, as a check on the theoretical

results. (See Figure No. 239 ) = The accurate calibra-

tion of the ectuator was required so that under-graduate

students could carry out transmissability studies with the

vibrator, as well as comparing subjectively the self-

jnduced vibrations of running, walking, elc. with the

simisoidal vibrations obtained from theractuator. .
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levels.




Acceleration "Peak to peak g"

Frequency Variator
Ha CAM A CAM B CAM C Setting
30 -26 14 -05 0
" 343 ‘31 Y| -06 2.5
385 .42 236 084 5
4+00 .43 .25 -09 6
4-15 -44 -264 -096 7
4.6 .60 -324 .12 8
>0 *70 -38 ‘14" 875
5:15 -76 <42 -15 | 9
58 " 9% *52 19 10
60 1+00 .56 .20 10-5
6 65 1-24 - 684 22 . 11
7:0 1-36 *76 -27 11-5
74 1:50 82 \-30 12
80 1-80 -98 36 12: 6
82 1-68 104 - 38 13
85 2:9 1-10 .40 14
TamgNo.izs
Acceleration

levels for the three cans



PEATE

No.1 1 PORTABLE VIBRATOR.




.- 587

APPENDIX 3

EXPERIMENTAL INSTRUMENTATIOR




A.3. 1. The Force Transducer

A.3.1 -1 Introduction

The force transducers used were mounted ihto a force
cell which also contained one centrally mounted accelerometer.
The construction of the force cell is detailed by Sandover
(1971).

- The force cell contained three force transducers of the
piezo-electric type. The cells were quartz lecad Qasher type
manifactured by Kistler, type 903 A. The three transducers wers
connected in parallel to give the average value of the force
across the surface of the cell.

£.3.1 -2 Technical Specification

The specification is for the type 903 A which is one in
a range of guartz lo=d washers with a total range from a few
kp to 1C0,000 xp. The transducers which ean be used f;r
either dynamic or short-termm static force mea;urement, are
of a tightly welded construction, and have 2 high resonant

frequency. {An important factor in this type of study).

Type A
Bolt dismeter ' 12mm
Maximum measuring range 6,000 kp
Dimensions |
Diameter 28mm
Height 11mm
Resolution v lp
Sensitivity 40 pe/N
. Capacity _ 4> pF

Weight " 3H g
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Dimensions:
Diameter 28mm
Height 1lmm
Resolution lp

Sensitivity 40 pC/N _
Capacity 45 pf
Weight 35 gr
.General Data

Deformation at maximum load 15
Resonant frequency 50 KHgy
Linearity {maximum érror) 1%
Insulation resistance 10
Temperature Coefficient ~-025% /0,

Working-temperature range -150°C to +240°C
Note on Units ,

1Kp = 1 Kgf = 2.205 1b (force)

1 gt = 0.035 oz (forcs)

o
o]
1]

0 035 oz (mass)

=
!

The charge signal from the quéftz load washer was
transformed into a oroportional cutput vditage in the charge
emplifier. This output being independent on the length of
the transducer cable had a maximum value of 10 volts.

The transducers afe individhally calibrated by the
ﬁanufacturers and the three calibration charts, for the
transducers used in the fofée cell, transducers SN 2565,

SN 2566 and SN 2568, are shown on Figure: No. 242,243 and 244




_— The setting used for the charge amplifier was taken
as being the average of the three calib}ation’yalues i.e.
43-3 *+ 43-30 +_43-9 pC/N
= 43:3 N

A.3. 2 The Acceleration Transducer

A.3. 2 -1 Introduction

The acceleration transducer used was mounted in the
middle of the two force transducers, placed under the
jschial tuberosities. The accelerometer was of the piezc-

electric type, using a quartz crystal.

A.3. 2 - 2 Technical Specification
The guartz accelerometer was a Kistler type 8164, and
was suiteble for measuring dynamic accelerations upto 5,000 g.

The accelerameter had a high resonant frequency and low
3

transverse sensitivity. (These were two important factors for-

the type of instrumentaticn required in this research topic).

Type 816.9-._
Maximum measuring range 5 ,C00 g
Resclution 0-006 g -

Maximum transverse acceleration 500 g

Sensitivity . 5.0 pe/g
Maximum transverse sensitivity 3%

| Resonant frequency (mounted) 20 KH,,
Rise-time 20 | seconds

Insulation resonance (minimum) 10

Capacity 165 pF




_Temperature coefficient - -0.025 % /%%
Working-temperature range -150°C to + 24600
Weight 64 gr

The charge signal from the quartz accelerometer was
transformed into a proportional output voltage in the charge
amplifier. This output being, within wide limits, independent
of the length of transducer cable. The transducer type 816A is
capable of giving outputs between 0.05 mV/g to 5.0V/g
dependent on the type of charge emplifier used.

The transducers are individually calibrated by Kistlers
and are individually numbered, the calibration chart for the
acceleration transducer used in the feorce cell (transducer
number SN 24103} is shown in Figure No.240 Page 598

The setting used for the charge amplifier is the value
given on the calibration chart i.e. - 5.01 pS/g. >

The accelercmeter used for the comﬁissicning of the
vibraﬁor, and for the safety checks was also a Kistler type ’

816A. The accelerometer was mounted on a paxolin strip
on the underside of the actuator table.

The calibration chart for this transducer number SN 27422

is also shown in Figure No.24| Page 599 ’

Charge amplifier setting for this éccelerometer is
496 pC/g
A.3. 3. The Charge Amplifier

A.3. 3 -1 Introduction

The charge omplifiers are used to transform the electro-

static charges from the piezo-electric force and acceleration
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transducers, into electric signals. These signals can then
be processed or recorded for analysis on completion of the
experimental programme. The charge amplifiers used were,
"VIERO-METER calibrated charge amplifiers, type TA - 3/c".
| The charge amplifiers being calibrated, means that by
using the transducer calibration data, it is possibie to
“directly relate the mechanical quantity to be measured to
the amplifier output. Due to the high amplificetion factor
(105) of the charge amplifier, the length of cable which runs
between the transducer and the amplifier has almost no effect
on the accuracy of the measurement. The amplifier sensitivity
ranges between 10 to 100 pC f.s.d. this'gives optimum
adaptation té the transducer and the range of measurement

required.

A.3. 3. - 2 Technical Specification

Input
Sensitivity - 10 pc to 11 x 106 pC for a full scale
deflection of 10 volts. The sensitivity being continuously

adjustable.by a 10-turn potentiomete}.

OQutput
Voltage - 10 volts ét full scale deflecticn,
limited to a maximum of 15 volts
Current - 10 mA (maximum)

Linearity - +01% of full scale deflection

Frequency Response
0 - 300 kH; (rise time 1 s8) the unit also has a tuilt

z °

in switched filter with cut-off frequencies, 1-3-10-30 and 300 kH




‘The filter descent is 12 AB/octave.
Test Signal
The test switch can be used to inject a calibration
signal measurement, and to check the adjusted sensitivity. -

A.BL 3. = 3 Operation of the Charge Amplifier

The grounding operation of the charge amplifie} is the

“most important operation. The amplifier must always be
groundéd before it is switched on or off, and before any
adjustments are made to any otﬁer controls. The emplifier
should also be grounded before any transducer is connected to
its input or any recording instrument to the output.

- This grounding procedure is important as the amplifier
can be demaged if these rules are not adhered to.

The pC charge value is caleulated by means of the
sensitivity value of ﬁhe transduced (supplied by the m;nufact— :
urers with the transducer) and the value of ihe mechanical
quantity to be measufed.

Exsmple sensitivity settiﬁg for the acceleration transducer
type 816A No. SN 27422 to messure an accéieration‘level of-10-g---
(accelerometer calibration is shown with details on the
measuring transducers). The transducer sensitivity is
4,96 pC/g. The charge value will be 4.96 x 10 pC/g x g = 49.6 pC.
The adjustment is therefore made as follows:- 4.96 x 10.

The 10 turn potentiometer "pC" is adjusted to give a read-
ing of 4.96 and the range potentiometer is set to 10. Thus
for an input charge of 49.6 pC the resulting output signal is

10 volts. The maximum output voltage 10 volts corresponds
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_to an acceleration of 10g.

The choice of the switch "STAT-DYN" depends upon the event
to be measured. With events occurring at less than °1 H,
the "STAT" position will be used. For all other events the
"DYN" position will be used. Whenthe "DYN" position is used

the time constant switch has to be adjustéd. In most cases

the position of 1 s will be used, this will give amplification
from -2 Hz upwards. Tﬁe time constant can be used as a low
frequency cut-off and the FILTFR as the high frequency cut--off.
Thevoptimum position of the filter is set by observation of
the signal. Examples of signals obtained from the quartz
transducer and charge amplifier are shown on the following
pages.

A.3. 4, The Frequency-Mcdulated Tane Recorder

»

A.3. 4. -1 Introduction

The F.M. tape recorder was used to record the force
acceleration and frequency-sweep signals of the impedance
data. These results could then be proce;sed on a Pace
analogue computer which is on the main Ugiversity cempus,
as well as giving a permanent record of the experiments.

A frequency modulated recording dévice'had to be used due to
low frequency of the signals (3 - 30 Hy being the experi-
mental range), and the degree of accuracy required in
reproduction of the signals.

The tape recorder used for this purpose was a Philip's

portable instrumentation recorder ANA-Log 7.
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A.3. 4 -2 Technical Specification

Tape Speeds

The recorder is provided with four electrically switchable
tape-speeds of 15/16 ins/sec. 33 ins/sec. 15 ins/sec. and
30 ins/sec. with a speed deviation of less than 2% of the

_nominal stated values.

Tape Heads

The tape-recorder has seven channels, and one additicnal
speech chanriel. The ANA-LOG 7 meets fully the requirements laid
down by the I.R.I.G. of track width, spacing, gavazimith
alignment, and head and stack configuration, for analogue
data recording.

Ths fcllouing table gives the frequeﬁcy range and’the

signal %o noise ratic of the recorder at its four tape speeds.

Tape Speed.’ Frequency Range . S A Ratio
30 ins/sec L 0 - 10,000 H, 43 aB
15 ins/sec 0~ 5,000 Hy ; 43 4B
% ins/sec 0 - 1,250 H, 41 @B '
15/16 ins/sec 0 - 312 Hy . 38 dB

The harmonic distortion is less than 1% and the D.C.
drift is less than 1-5 % of full deviation over eight hours.
The non-linearity is less than 1-0 %

Input Data

The recorder has six calibrating positions of 0-°1,

0:2, 0+5, 1, 2, and 5 volts. The input impedance to the

recording amplifiers is more than 10 K




Output Data

The maximum output is 1 volt across an impedance

of 1,000 £-. The maximum output impedance of the
recorder is 30 L., '

.Note:- The signal to noise ratio is defiﬁed as the ratio
of a 0-7 ¥ r.m.s. sine wave to the r.m.s. value of the noise.
If the signal to noise ratio were defined as the ratio of
1V to the r.m.s. value of the noise, the figures specified
are 3 dB better.

A.3. 5 The X - X Plotter

A.3.5 -1 Introduction

The X - Y plottsr was used for the monitoring of
impedance modulus during thé experimental runs. It wsgs
also used for the phase-angle plots which wers ottained
from the Pace analcgue computer, from the recorded force and
acceleration’signais. .The plotter used was a Hewlett—?ackara
genaral, purpése X -X éictter model 7035 B {83" x 11")

The X - Y recorder model 7035 B is a solid-slate
general purpose plotter. Each axis has an independent servo
system with no interaction between chaﬁnels. .The recorder
will dréw a graph of two related functions, from two D.C.
signals representing each of these functions. The parameters
listed in the specificatién below are only those relevant to
the recording of impedance module and‘the phase angle

relationships.
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A.3.5 - 2. Technical Specification

Input ranges:- Metic 0.4 , 4,40, 400 nV/cm and 4 V/em
with a continuous adjustment between the ranges with a

vernier control.

Input resistence: Between 10K 1M
Accuracy - 0.2 % of full scéle
Linearity - 0.1 % of full scale

Resettability - 0.1 % of full scale

~A.3 6 Pace Analomue Computer

The Pace fAnalogue Coﬁputer used was a T%--48 {See Plate
No. ), which has forty-eight operational amplificrs. The
computer i3 arrangsd sc thaﬁ about itwenty of the smplifiers
can be used as integrators by direet patehing on the ﬁoard,
also available are six diode function generators which can be
used as diodes, or patched up te give varioué functions.

The computer can also be directly linked to the x-y plotter,

to ernable plots to be made with direct control from the computer.

Sandover J. (1971) "Study of Human An&iogues - Part 2"

Department of Ergoncmics and Cybernetics,

Loughborough University of Technology.
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APPENDIX UL

AUXILTARY EQUIPMENT




A.4 Auxiliasrvy Egquioment

A.4. 1 Sigenal Filters

Manufacturers - Kemo Consultants Ltd.
Type - 76/L/01
Technical Specification - Cut off frequency (-3dB) at 100 Hz

with a fall-off of 12 dB per octave.

A.4 2 Ulira Violet Recorder

Manufacturers - Honeywell Ltd.

Type » Visicorder 2106

Technicul Specification - The specification is for the
galvanometersuseé in the recorder - frééuency range 0-3 KHz
Sensitivity <86 mV/cm

A.4 3 Driver hmplifer

Manufaaturars - Honeywell Ltd.

Type - Accudata 107

Technicai Specification - The smplifier has a frequency range
of O - 20 ¥KH,; and also can'smplify signsla with a 5% D.C.
shift from zero. (i.e. 5% of the psuk to peak signal

amplitude). Amplifier drift is less than 30 V/%%
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The amplifier has switched gain ranges between <0l and 20,
with potentiometer variable gain between éach switched gain.

A.4. 4 Function Generator

Manufacturers - Hewlett Packard

Type - 3300A with 33024 Trigger - Phase lock unit
Technical Specification - Frequency range of 0-O1 H, to

100 KH,, drift less than *+ 0-25% maximum output voltage

15 v into a 600-% impedance.

A.4.5 bThe tracking task equioment

A.4.5 -1 Introduction

The tracking task was of a coﬁpensatory'nature (.and was
the same as that used by Innocent (1971). The task used
& display of a one dimensional (Y-axis) error signal whose
amplitude and polarity was determined by the difference’between
the subjeci-controlled joystick voltage and the puesdo-
random tracking signal voltage. Thé error signzl was required
to be reduced to a minimum (ideally zero) by the subject, the
gero level teing displayed simultaneously with the error signal.
A.4.5. -2 Eguicment

The pseudo-random signal was derived from a Servo-
Consultants wave-form generator. The prineiple of operation
of this type of generator is the photo-scanning of ablack

paper disc which is cut to the desired random waveform. Thus

the waveform is not truly random generated, but it is such

that subjects cannot observe any obvious pattern to the waveform.

.t
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The speed of the disc can be altered to change the complexity
of the task. The waveform obtained from the generator is not
situated about zero, so a fixed voltage is subtracted from the
pseudo random wave by an operational amplifier so that the

wave is centred about the zero voltage line. - .

. The joystick voltage is then subtracted from the pseudo-
random voltage by means of the operational amplifier which is
used to process the pseudo-random waveform. The resulting
error voltage is then d;§played on an oscilloscope.

The circuit of the tracking equipment is shown on the
follovwing page. The X plates of the display oscilloscope
were ariven by means <f a % H, triangular wave obtained from

the Hewlett Peckard function generator.

Innocent P. (1971) Unpublished M.Sc. Thesis.

Department of Ergouomics and Cybernetics. -

Loughborough University of Techrology.
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