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1 - SUMMARY:

Machine tcol structure is the principal part of the
machine which contributes to its dynamic behaviour. For
this reason, the study of the different alternative design
configurations of the structure will be necessary, anﬂ the
mathematical simulation of such structure becomes an effe~

ctive tool.

In this work, the dynamic characteristics of the str-
ucture of a horizontal knee-type milling machine are inve-
stigated. Basing upon the classical beam theory, a mathe-
matical medel for the structure is introduced. With the
aid of this model, fourteen suggested design solution are
studied and-compared with each other. The suggested four-
teen structures are of the same height, main dimensions,

wall thickness and mass.

The study results in predicting the most suitable
structure. Thereby a considerable improvement of the dyn-
amic behaviour of the considered machine is achieved,

2 - INTRODUCTICON:

Due to the development of digital computers, several
analytical techniques have been adapted for predicting the
static and dynamic behaviour of machine tool structures.
In fact, these techniques are based on simulating the
structure of the machine by a mathematical mode. Thereby
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the different influencing parameters could be inter-related
and their effects could be investigated. Applications of
such techniques to some types of machine tools are found in
the literature(l™®),

In this work, one of these techniques, namely the
classical beam theory, is used to investigate the effects
of the structural configuration on its dynamic behaviour.
The structure of the horizontal knee-type milling machine
is chosen, and the different possible variations in its

shape are studied.

3 - THE MATHEMATICAL MOREL:

Fig. (1) shows the general shape structural main parts
and the main dimensions of the considered horizontal knee-
type milling machine. The basic model of the machine is
shown in Fig. (2). To adapt such structure to beam equat-
ions the structure should be replaced by an idealized model
Fig. (3), which is in turn transformed to the mathematical

model shown in Fig., (4).

4 - DERIVATION OF THE FREQUENCY EQUATION:

As shown in Fig. (4), the mathematical model of the
machine comprises five beams. Accordingly the general sol-
ution of the beam equation (10) could be written in thé
following general form:

2 z . Z
r r r “r
yr=ClrsinLr X, + C.’2r cos E: K, +C3rsinh -: xr+c‘rcoshE:xr

..--.c--t..llt..(l}

Substituting the end conditions of the different beams
into equation {1} yields:~-
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C23 + C43 = 0 veaean ‘o

al(cos Zlcll_Sin 21C21+ cosh zlc31+ sinh 21C41)

= az(C12‘+ C32} secenans {18}

2,{Cyp *+ Cy3

)= ay (Cy3* Cy5)
which could be written in the following form:

C12 + C32 - 523 C13 - B23 C33 =0 ceess crrensasee=(19)

2 . . ;
E I1 ay {-s5in zlcll - COS zl C21 +sinh zl C3l+cosh ZlC4l)

2 . 2,
-E 12 a2 {—C22 + C42) = E I3 a3 { C23 + C43) [P {(20)
3 . .
E 12 a1 (-cos zlcll + s5in 21 C21 + cosh zl C31 + sinh 31041)
- 3 . 2
E 12 aj { 012 + C32) = Ml W (C22 + C42) R 2 B

Equations (8), (1€}, (9}, (i1}, {16y, {(20), (18) and (21)
could be replaced by equations ¢8y, (1I6) ..... by combining

each two successive equations. This gives:-

sin 2,C 5 + cos Z,Cyq “P14C24* %4Ca4 =0 (8)
sinh Z,C5q+ cosh Zy C ¥ “%4 Chy *P34Cas = 0 (1)
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simplifying equation (15} by the following substitution:

= COS 22 + R2 22 sin 22

-sin 2, + R, 2, ¢oOs 2

E o< <
1§

= =-cosh 22 + R2 22 sinh 22

X = -sinh 22 + R2 22 cosh 22

where
me w2 me
_— 2 = R, Z
3 " om 2 z2 "2
E 12 a5 2
gives
U 012 + V C22 - W C32 + X C42 = 0 cenesass (15}

Equations from (2) to (7}, from {8) to {il}, from (12} to
(14), (15}, (16}, (17}, (18), (19), (20) and (21) form a set of
equations containing the uaknown constants cll‘ ch' v eCyp
and their unknown coefficients. Since the values of these con-
stants are not zero, hence the set of equations yield to the
frequency equation in the form of 20th order deterimant, after
reduction to 17th order and rearrangement the determinant equat-
ion (22) is established.
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The values of_zz, 240 2, and Zg could be determined in
terms of Zl from the equation (2):
L
_ r+l
Zre1 T Pr - L By (r+1y°

Substituting these values into eguation (22) yields the

frequency equation in terms of Zl alone.

5 - YHE NATURAL FREQUENCIES AND MODERFORMS OF THE CONSIDERED
MACHINE
The different natural frequencies of the machine could
be determined from the following equation(z):
¢ zf // EI g
= “]r*—~*“ CPS
2JCL§ / By

H

by substituting the different values of (21). The correspond-
ing modeforms of the machine could be determined by calculating
the deflection of each beam using equation (l). For this pur-
pose the values of Cyyv CZl‘ ceeer Cys should be evaluated. !
This could be done by solving the set,of equations given in ;
section (4). This set of equations could be first reduced to

nineteen equations by omitting the last equation and substitut-

ing Cll = }. The moderform is only found on a relative basis,

so that all the modeform is only found on a relative basis, so

that all the modeform eguation {1) can be multiplied on the

right-hand side by the same arbitrary constant ¥ 0.

6 ~ THE BASIC MODEL OF THE MACHINE AND THE SUGGESTED

MODIFICATIONS:

The basic mode)l of the machine is shown in Pig. (2). Four
modifications are suggested and shown in Figs (5), {6}, {7} and
(8). All modifjcations are done in such a way that the column
of the machine has the same mass, beight and wall thickness,
whilst the dimensions and weights of the table and overarm are
kept constant, In the first modification the column has vert-
ical sides and tapered back, whilst in the second the column
assumes squared cross-section. In the third and fourth modif-
ications the back side wall is given a circular shape. The
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idealized models of the four suggested modifications are shown
in Figs. (9), (10}, (11} and ({12}.

The configuration of the cverarm of the machine is also
investigated. Five different cross-sectional alternative
shapes of the overarm are suggested and shown in Fig. (13).
The five suggested overarms have the same mass and length.

The investigation of the dynamic behaviour of the basic and
suggested models will be done in the following way:-

1. The natural frequencies and modeforms of the basic model
will be first determined and considered as basic data.

2. The natural frequencies and moderforms of each of the sugg-
ested modifications will be measured and compared with the
basic data in order to evaluate their effects. In this way
the suggested model which will have the superior properties
will be detected. _

3. The dynamic behaviour of the superior model will be further
investigated by changing its overarm in the seguence shown
in Fig. (13).

7 -RESULTS, DISCUSSION AND CONCLUSIONS:

The results of this investigatiocn are tabluated and plot-

ted in the Form shown hereafter.

Table (1} shows the characteristics of the basic model of
the machine, while tables (2} to (5) show the characteristics
of each suggested modification; Tables (6} to (9) give the
results of comparison between the characteristics of the sugg-
ested modifications and the basic model, which show that the
third and fourth suggested modified models are superior than the

basic.

The characteristics of the third modified model when equip-
ped with the different suggested shapes of overarms, shown in
Fig. {(13), are included in tables (10) to (14). Tables (15) to
(19) show the results of comparison between the characteristics
of this model, when equipped with the different overarm shapes,
with its basic model., The basic model in this case will be the
third modified model equipped with the original overarm as it
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is shown in Fig. (7). Hence the results given in table (4) will
be the basic data. Tables (15) to (19) show that the third
modification equipped with overarm possessing the second and/or
the fifth shapes gives the best results. These two combinat-
ions will be termed (IYI - 2) and (I1II - 5}.

Tables (20) to (24) are concerned with the characteristics
of the fourth modification when equipped with the different
suggested shqpes of overarms, whilst tables (25) to (29%9) give
the results of comparison between its characteristics and that
of its basic model. The basic model in this case will be the
fourth modification equipped with the original overarm as it is
shown in Fig. (8), and its data given in table (5) will be con~
sidered as basic data. The results of comparison show that
the fourth modification equipped with overarm possessing the
second and/or the fifth shapes gives the best results. These
two combinations will be termed (IV - 2) and (IV - §).

The main results of this investigation are summarized in
Figs {14) to (18). These figures compare the characteristics
of the basic model of the machine with those of the four best
models, namely, (II1 - 2), (III = 5}, (IV - 2) and (IV - 5).
Regarding the moderforms, the best four models behave approx-
imatély in the same manner, as it is shown in Fig. (14), and
from Figs (15) to (17} which show the deflections of the main
parts of each model at the different modes. However, the mod-
ified model (III - 2) may be the best one, in the sense that,
it ensures, the minimum deflection and hence the maximum rig-
idity. The percentage reduction in the deflection of the main
parts of that model is given ir Fig. (18), which shows how far
the deflection of each part of the suggested model is reduced in
comparison with those of the basic model.

The percentage reduction reachs 21% for the column, 23%
for the table and 71% for the overarm. Further investigation
on prototype scale seems to be necessary in order to indentify
securely the suggested model which could be recommended.

Regarding the magnitude of the natural freguencies, it could
be seen that, the first natural frequencies of the best model
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range from 203 to 221 C/S compared to 181 C/8 for the basic
model of the machine, This gives a mean increase of about
31 C/S corresponding to 1860 it.p.m.,, which makes the first
natural frequencies of the suggested models far away, with an
example space, from the working range of the machine.

In order to visualize the individual effects of the
column and hence the overarm, the set of results illustrated
in Figs (19) to (22} is presented. Figs (1%) to (20) compare
the deflections of the different main parts of the basic,
third and fourth suggested models when equipped with the orig-
inal overarm, On the other hand, Fig. (22} indicates the per-
centage reduction reachs 4% for the column, 9% for the table

and 28% for the overarm.

From the presented results and discussion the following

main conclusions could be drawn:-

1. When the model mass and main dimensions are Kept constant,
the rigidity of a machine tool structure could be increased
by altering its configuration. The optimum configuration
could be detected by checking the various alternative poss-
ible shapes of its main parts.

2. For the purpose of checking the different possible config-
urations of a machine tool structure, the classical beam
theory may be one of the useful tools.

3. The four suggested models for the considered milling machine
exhibit reduced deformation and increased natural frequency.

4. The pércentage reduction in deformation of the suggested
models amounts to 21% for the column, 23% for the table and
71% for the overarm. The natural fregquency increased by
about 3) C/s.

5. Rounding the back-side of the column and/or the overarm yield
considerable improvement of the dynamic characteristics of
the milling machine.

6. Rounding the back-side of the column of the horizontal mill~
ing machine while keeping the other parts having the original
shapes results in reducing the deflection by about 4% for the
column, 9% for the table and 28% for the overarm.
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NOMENCLATURE
Cross-sectional area.

Freﬁuency constant.
Area constant.

?Bouudary constants.

Modulus of elasticity.
Flexural rigidity.

Freqguency.

Acceleration of gravity.
Moment of inertia of area.
Length.

Mass.

Masses ratio.

Subscript taking the values 1,2, ...,5 and
indicates the number of beam.
Circular fregquency.

Abscissa,

Ordinate.

frequency constant.,

Density of beam material.
Mass per unit length.
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Table ( 3 } Modeforms

s e — oS e §

and natural frequencies of the second modification
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——n - tnitial position
Modeforms
Fundamental mode Second mode Third mode

f 1715 ¢rs f =300 ¢/s f = 8og.8 C/s




$/0 GLLY =}

pow payL
il i o o

S

uolIDIIpow pJaiy} 9y} }o salduanbe

/3 49¢i* m
PpoWw  puorag
FEFS IR IRFIFy N

Hrrn,. b Ao = S

g FLTE LY

S/)  T's9iv }
SPOW  IDIUIWTPU NG

ko okt

uopsed JoN] ——————

redatedidabid

L Serrrvaarasy v oot

bt = Fer—— . Bebirrbai.

11} (DANIDU PUD SWIOBPOW ( ¥ ) 9iqnyt

G0 [EC0-B9r0-660-] O [[BOC-PS TR0 I-1GS =] = 1 - Lo~ {70~ .u...o..__ 0 FEVO-[Y0 0§ Z0ILED]LSD hm”o 1g-oftrof o] O [sLesse) “u‘_m
LS -l E6° 07 0-]€0°0] O HaG tlse i SLL|Se T SL 0 GL01950]L80 m..o“ 0 162} 102|997 £E°1{960496°0|65°0 ) 62°0) 800F O {598Z] 80! EN_
szl reilzoolorel o lezzies sl it g|ziijf Zit{re0les0lecoy ¢ JLe 7 |ove|»oT 8 1 L ] Livl0|7C 0600 O J&691 £g0 amw
b |sL0150(S2'0] © L |20 Ss01s0) O t|sL0isr0)s0) 0 L |SL6 50520 O 1 {SL0) s0Qse0l 0 =z
175X "/ “1/5% “1/%X 121X sial  |a
G wpag 4 wpag £ woag 7 wpag | woag iz w
. suol}a9)4aQ o |




S/3 ©rees J

apow payl

UOIJDDIHIPOUS YN0} 3y} }0

e L"SUE s u
apow puolac
bk bl bt Ll &

| iy

TSW I IPOW

‘uoipsod joijIuY

- ——————

S/3. WEMa§
SpOu IDUBWDPUN

EJE

sa|ouanbel) |DINIDU PUD SWI0JIPOW ( ¢ )3IQDY

IIIIH" \j ret—— - ..n..iizll,:i.\J .Inil...!!iihli_ll.ll..i!!._llln_lutt;i Fe——— ,IJH ————

S1'0160°0 {100 POO-] O §1€-RG Z-ROTT-{Zs i [L0- L0 68 0= E QO™ srolszolscolovoks0ofss0 | WO ol Vo) O jEvee] 8% m,d
i
1-{190-1L20-{S0'0 | 0 J591{E a1 |64L0}6L0{65°0(8E70 610 56z €0z |69 tert[ssrofser0j650]620 {8001 O K'S0T{90°% UNW
PUi
LIEIBTITISL{LLe] O QEC 2 {eaz [ v birr 't S S99 01L50 1820 gw jurglesziiattszifaz|esoleeajenol o |FEN{ZEO0 wmf

} }520f S 0580 O t {5L'0f 50fsto O 1 164°0) 5016275 I jaLn]solszo} O L 1sL0) 50 (0| O e

[ . !

S1/°X "/’ 1/X /%X '1/°X S/ 18

¢ wpag ¥ wnag £ woag 7 wpag | woag 4 ©

3
L suoiydayag .oL




e =lrgo-lesodigo~] o § 2w jzEiletlyzlivantszi|zen [ S O lles1| 6%0| §0{9%0| | i 1607

ezt iyt v70l690 1 0 | €601 €60 |€6090°L v60 [|76°0 (201 {56°0]560) ¢ 660] 1 | ¢ [104]10L[| 101 [ 1O1|EOT] 1 | O § 560 mnoc.mN
4

60 460 [16C]€60] 0 |19670{86°0|86°0] 660|260 (196°0{06°0{860| t | O {04 Z071{Z0T} 200 | 20|| 20L[ €0 RO 1 | O RG60 mUOrmL

L (5400 §°C 80 O L |sLaje0iszol o b jSsL0y 901920 © i |540] §6J820) O i [ sS40} 505201 O

m N

I VX 77X YT | TV X TTX a3 peaund

d g woag v woag £ woag 7 uwiDag l woag s 3| apon
_ 3

_ SODJI UONI3eC

—65-

113pOW JISDY PUD UOIIDIIHPOW 1S4t} 34} usaMig uostiodwo) ( 9 )21qDL

= — PR e i

g0 e0-leen-legromt o v eru) st etjzaffzeijzeifezi| 4| 0 G700 |9T0I8Y0 (960 9670 2ty 2 4L} O
EGC (LY 7{6L2EC' G| O (SROILQC|RG 0 8Q'0[880) 98°0/66°0( 6°0) 60 O [S6DIL60860) 1 101107 —.o.— €01y 4 o

FL0{4520 940|640 O ||€60158°0|56°0] 76°0|76°0576°0{€6 0 |E6°01E6°0] O 1101 G L{I0 LILO"L{ ZOV] 20°L{E0 L  EOL] L 0

toseofsolszol O 1 {840} 505820} O I 540 80 |%S2'0] O ﬁl b jsLo] 80,520 © I |seolso|szo|l o
N7 5 7 7 Ey £ ) T 72 i 1 M.mﬁr::c
| 1/°X 17X AS U NATAY 1/ X 32
! G woeg | 7 Wwoag £ wpag 7 woag | wWoag 331 apow

SO1}D4  Uo}d3)}eq




L2

—6 9—

. Deflection ratios
Mode |§ Beam ! Beam 2 Beam 3 Beam 4 Beam 5
nurrber] § © X /L, X, /L, X, /L X, /L Xe/Lg
“ Fo lozs{os]ors] + | o lo.z5]os |o7s] 1 [f o Je.25]05]075] 1 o Jo.2s]0.5 |o.75] + | o Jo.25) 05 ]075) 1
Tmodelossf o | 1 11 |+ loss]oss|oss|essosejosr] o losalasz|ostiost Josrosifost{osi|ost] o |orrjo.reforal0s
N:MDOQQ 0511 0 T Q3 } 1 |0.99:0.971056 0951 O Tanslos losotossio.esioaalosnin.e?|o.es] 0 | 0.15{-3.78|5.47] 3.8
Phodel o2} o j1.2701.17]1.0s]0.96 098] 0.72]c.us| 0aa] 108 o |16 1.3 {r2a]taeuasfriasfraa|iaz]1a | o |o3s]o3z|ozijrae
rlllﬂﬂﬂulﬂuuWirdrﬂLﬂuLkﬂuF‘ sl e
Table{ & ) Comparison between the third modification and basic model .
. Deilection ratios
Mode | § 3 Beam 1 Beam 2. Beam 3 Beam 4 Beam 5
fumber £ X, /L, X, /L, X, /L, X. /L, X /Ls
0 |0.25{ 0.5 (075 1 0 10,251 0510.75¢1 ¢ fC.25] 0.5 {0751 1 0 10.25i0.9 {0.751 1 0 10.25] 0.5 10.75] 1
™ model 101 o [oss}os 0.98{097 ] 0.97| 057 |036{ 095|096} 0 |053|093}0.93) 093} 0.93|a83}0.93 0.93]0.93) 0 {0.830.8210.67;0.82
modelos7t o | 1 {103 1 {osefosslo.9s{osefos7i0e7] 0 [c.95j092]{083/as3f093l0.92{0.93 0.92{0.92f 0 [0.27/-3 14.76)2.76
odal 103 ] 0 [ros|roafros] v | 1 | oalo.esiossrasi o [1a]rasprarlesejiactiashaz{razjeang 0 10.04 0 1-006039

Table (79 ) Comparison between the fourth modification and basic model.
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o Deflections
o
olz| f Beam 1 Beam 2 Be2am 3 Beam 4 Beam 5
Q| less X, /L, X, /0, Yo/ Ly X /C, X 7Ly
= 0 |02%16-510.75] 1 0 [0.2%]0.5 |0.75] 1 o o.w.l.; 0.5 1 0751 1 0 jo25{0.51075 0 10.2400.%10.75] 1
._mﬁ 02912009 6 |0.0810.31|0.6611.1Y | 1.11{1.64}2,23] 2.68135%] O [0.73[04710.71|0.9500C.65 109 | 1AL [1.69[1.93F O §1.5614.38] 7.84]11.51
nd
N 1.09{29.98 0 {0.C8]0.28[0.5810.92 ] C-9241.28|Vv81}1.011247) O 10. 71135 0.5310.7150.7110.9 {1.06(1.29]| .48 0 [-0.05]-0.591.29|-2.12
w_\Q 1.89|87250 ¢ 10a4§04) 0610570087 | 0371 0.2 § 003L014) O [-016) 0.41][-0.74 112 | 112 -1.56{-2.05]- 2.57 - 408 O |-032 - 0.513-0.531- 013
[ e B e bt e e ettt el . = e
Table ( 11) The third modification equipped with the second overarm
i e |nitial pesition
Medetlams N
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Fundamental mode Sitcond mode Th:rd mode
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Defiecticn ratios

23
L1
Mode 88 Beam Beam Beam Beam Beam
Inumber| £9 X, /L X, /L, X, /L, X, /L, X, /Lg
- 0 }0.25]0.5 10.95) 0 10.25| 05 [ 0751 1 0 o.um._o.m 0751 1 0 10.25]0.5 |0.75] 1 0.25] 0.5 10.75] 1§
¢ -
ngoam 095} 0 | 1 |1o3{rn0v}r0z]1.02}102}103{10e {106l 0 | 1 T1.02)1.03]103 §103(1.03}1.03{1.03|1.02 1.2 {1.z22]1.22{1.23
d
_.maaoamgm o4 v | v jror)ron oo ro2{t.02 {103t 0o | 1 _ 1 oo oo rozfno o2 5 |-00610.3 0.4
«mﬂbam 3 (I B I I 1 1 L B A | 10 ﬂv 1 1 1 13 I 1 1 1 1.1 | 1.04]0.82] 144
L = pe———
Tabte( 15 YComparison between the third modification equipped with
H
. + . -}
the first overarm with its basic model. %
. Deflection ratios
Mode wm Beam 1 Beam 2 Eeam 3 Beam 4 Beam 5
2 =
L& - .
DEUQ.,.H X~ /L, X, /L, [v._hu \”lw Xb\_l. Xm \_..m
0 §0.25] 0,5 {0.75] 1 0 {0.25] 0.510.75] 1 0 10.25{ 0.5 | 0.79 1 0 106.25] 0.5 ]G5 1 Q.25} 0.5 j0.75] 1
5t
1] gﬂm L2330 O 108910.91]0.85]0.87 §0.87{0.66(0.8410.82 [0.81F O [0.82|0.84]0.84}0.85) 0.85] 0.84] 0.85] 0.85] 0.84 0.451 0.4 0.4 | 0.34
" odeltoz] 0 | 1 lo.oslassiose |oasio.sejos6|0.sl09a} o Jous]0s4]094]0.04f0.94/0950.950.95] 095 -166] 045138 1.35
Bonodd v do[vfv v fr b forsirorfo s by qrof o f ] 0.82|0.82|1.6 |-0.29

the second overarm with its basic model.

Table (. 16 ) Comparison between the third meodfication equipped with
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Deflections ratios

Mode mm Beam 1 Beam 2 Beam 3 Beam 4 Beam 5
mJrmber Mm X#\ﬁ X..v\_vur wa.. i Xr\_ap Xn.\ﬁm

0 {0.25)1 0.5§0.75] 1 D 10.251 05075 1 0 J025) 0.516.75] 1 G |02%|0.570-75] 1 0 10.25] 0.

1t

G5-75] !

st .
1 BOQQ 1.2 00 lossjo.eyo.e loesfossio.s?0.86{0.84]083) 0 |0.86{0.851086 0.868 0.86(0.86]0.86| 0.86| 0.861 O }0.49]045]|0.4410.43

M.nj.xvn_m 102450 t 10961088 10.9710.9710.9710.96{0.95]094F 0O 10.94] 0.54]0.94]0.9%]0.96/0.96]0.95{0.95{C.96) O {-1.33}1.59)1.37 1.3«
rd

=yw30am4 of v i v v v vy v tersliorgo by oy Rl vy jr Yl o {osaf092ins70.22

=S —

Table { 19 )Comparison between the third modification equipped with
the fifth overarm with its basic model.
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Table (.29 )Comparison between the

. : Deflecticn ratios
Mode | &,
jee Beam 1 Beam 2 Beom 3 Beam 4 Beam 5

mber| &%

dudlaad kX X: /Ly Xz /L; Xa/L; X, /L Xg /Ls
0 10.251 05 |0.95]1 1 0 (0.2810.5 {075 1 0.28] 0.5 §0.75} 1 0 J0.28]0.5|075] 1 028 0.510125]

¢
1 modejt.2jo 1 {0.9110.89]089 ] 0.89]0.88] 086} 0.8510.83 0BG 08610861 086[0.8610.87 [Q87]|0R710.87 047 |0L4|0.62]0.462
N:ag% 102§ 0 |087|096]0.9610970.67{0.8710.96]0.95(0.94 0.95|¢.9710.95]0.96]0.9610.9 6] 0,96 |0.96 |0.96 0.8 2 L6 |18
waq_oam 1§10 {1 v |t |o9BE0IBlOS8] Y | 1 |1 T 1 [LOTf1o1§101] 17 $1.01]1.01{1.01 G.75{ 4 1447123

fourth modification equipped with

the {ifth overarm with its basic model.
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Mode! of 1he fourth modification.
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a) Fundamential modeforms

fhasc = 1815 | .
fiz-2y= 2079 fm-s) = 2034
(TF2) = 221 faw-sy= 2211

Figi 14} Modeforms of the “asic model and the

the basic model.
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b) Second modeforms
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. The third modification
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a} The column b} The table ¢) The overarm
Fig,{ 20 ) Deflections of Lthe main parts of the basic third and fourth modifications
{ Second mode |
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. The third modification
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a) The column b) The table | ) The overarm

Fig, { 22.) The percentage reduction in the na.:m,...:o: ot the main parts

ol the third and modifications
as compared with the basic model.
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