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Figure A.1.3. The differential gear-unit and accessories.
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Part no. Description Quantity Material

1 Connecting rod 1 Mild steel
2 Crank 1 Mild steel
3 Slider 1 Mild steel
4 Connecting rod pin 1 Mild steel
5 Slider pin 1 Mild steel
6 Spacer 1 Mild steel
7 Crank shaft 1 Mild steel
8 Rollers 6 Mild steel (Case hard.)
g Nut 1 Mild steel
10 Thrust washer 2 Brass
1 Slideway plate 1 Mild steel (Normalized)
12 Slidewoy bose 1 Mild steel
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Figure A.1.4. Continued.
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Figure A.1.4. Continued.
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Figure A.1.4. Continued.
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Figure A.1.5. Sectional view of slider-crank.
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APPENDIX 2
LAGRANGE FORMULATION OF SLIDER CRANK

The slider-crank mechanism is given in Figure 3.5. T, is the total kinetic energy of the

mechanism as the summation of the energies of the individual links.

T, =T, + T, + T, (A1)

m, %2+ 33,07 + 515 ¢ (A.2.2)

D —

4
T, = Z
i=2

Energy expression for individual links are as follows.

Xq = rycosf ; y, = r;sinf

where x, is the distance from the centre of mass of link 2 in the x direction and y, is the

height from the centre of mass of link 2.

Ty= 13,87 + 5 my r,” 82 (A.2.3)
Link 3:

X3 = rcosf+ 1,cosé; y3 = l;sin¢

%5 = —r Bsinf—1, ¢sind; y3 = |,6c0sé

Ty = % Jj &2 + % m4 [ llzébz + r20%in%0 + 2rl19é§sin0 sing | (A.2.4)
Link 4:

X4 = rcosf + lcosd ; ve=0

Xq = —T 93in0—l$sin¢ ;
(A.2.9)

T, = % m, [ r20%sin20 + 2rlfosind sing + 12o2sin‘o |

Total kinetic energy of the mechanism T is:
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L . .
Ty =335 045 my 1y B4 03167020/ (12 (s —rsin . -

1

1 2252 207012 (v ccinm2y (242 . , .
9 mg(l; “r°8%cos”8/(1°—(y —rsind) )'{~r20281n20+.’r'|1()251nO(y—rsm())cos(),«hl‘»._\—rsine*‘u"l -

-

% m4[r292sin20+2r29251n0c059 (y—rsin)/(12=(y - rsing)?)!/2

2p2 . 2 SRENY |
+ro%cos iy —rsint)* /(14—

(y—rsind)?))]

(A.2.06)
Lagrange’s equations are:

d (OL) _0L .
a—t(a—q‘) —%: = Q‘ for l=1,2,. PPN || (AB*T)

where L is the Lagrangian given as the difference between the total kinetic energy and the

total potential enery;
L=T-V
So the differentiation of individual energy terms with respect to the generalized coordinate

and time derivatives with respect to the genecralized velocities, the equation of motion is

obtained for the slider-crank mechanism. Its complete form is given in chapter 3.
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APPENDIX 3

LAGRANGE FORMULATION OF THE HYBRID ARRANGEMENT

The total kinetic energy of the system is expressed as individual energies of each component

in the hybrid arrangement as:
T=T.+Ta+ T, +T_,+ T, (A.3.1)

where T_ is the rotational kinetic energy of the dc constant speed motor. T is the rotational
energy of the differential gear annulus, T, is the rotational energy of the dc servo-motor, T,

is the rotational energy of the crank and T, is the translational energy of the total mass on

the slider.

Individual energy terms for components are given as the following.

T .= 53,0, (A3.2)
17 .25 2

T,= 11,6%, (A.3.3)

T,=51 9;" (A.3.4)
1 7p 2

Tcr=§(.]c+mar )05 (A.3.5)
| 3.

T3,=-2—mbx (A 36)

Total kinetic energy of the system is then written as:

; ; ; ] 2 2,1 .2 A
T,= %Jm012 + %Jag2012 + %J,922 + §(Jc+mar )04 +5MpX (A.3.7)

The values of slider displacement and velocity x. X and 0, are written in open form here as:

x= r+l—rcosf, — [lz—(y—rsinﬂs)z]'/‘) (A.3.8)

rcosByf3(y —rsinds) (A3.9,

x= rsind.f. +
33 [12—(y—rsinfy

the kinematic relationship for the inputs of a differential gear-unit is cxpressed as:
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03=p0,+(1-p)gb, (A.3.10)

If equations (A.3.8), (A.3.9) and (A.3.10) are substituted into equation (A.3.8). the total

kinetic energy is written as the following.

_ 1 ) 1 . . . P
Ty=3Imb1” + 3,8%0,% + %J,e; + %(Jc+mar2) (;»f:?r(l—p)gf’l)2

1 ) rcosf, (y—rsinf,) . .
+ amy (rsm03+ . 2 f/ (P92+(1"P)891)2
l —(y—rsin03)2] 2

(A.3.11)

Partial differentiation of each term in the total kinetic energy with respect the generalized

oT, T, 9T, 6T, : o dr 9T,
as 601’ aél. 392' 692 and further time derivatives for a_t( 50—-‘- )

displacements and velocities
and ?R( 59—) by using equation (A.2.7) yield final form of the equations of motion as given
2

in chapter 4.
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Transducers

e, +eytes+...e = 0

— TF — transformer e;= ne, rack and pinion,
f= nf, cylinder and piston
— GY — gyrator e, = rf, electrodynamic tr.
e, = rf]
— MTF— modulated e;= ne, kinematic mechanism
transformer fo= nf]
— MGY— modulated e,= rf, electric motor
gyrator e,= rf,
Junctions
—— 0 —— 0-junction e;=ey; = e3=...e, equal forces
| fy+f,+f5+..f,=0 parallel connection
— 1 — 1-junction fi=fo= f3=..0, equal velocities

series connection
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