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Figure A.1.3. The differential gear-unit and acct'S80ries. 
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Port no. Description Quantity Material 
1 Connecting rod 1 Mild steel 
2 Cronk 1 Mild steel 
J Slider 1 Mild steel 
4 Connecting rod pin 1 Mild steel 
5 Slider pin 1 Mild steel 
6 Spacer 1 Mild steel 
7 Cronk shoft 1 Mild steel 

I 8 Rollers 6 MOd steel (Case hard.) 
9 Nut 1 Mild steel 
10 Thrust washer 2 Bross 
1 , Slidewoy plate , Mild steel (Normalized) 

12 Slideway bose 1 Mild steel 
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Figure A.1.4. Continued. 
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Figure A.IA. Continued. 
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Figure A.1.4. Continued. 
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Figure A.lA. 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 t is the total kinetic e!lNg)' of the 

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

Energy expression for individual links are as follows. 

x 2 = rlcos8 ; 

x2 = -rlOsin8 ; 

Y2 = r}sin8 

'h = r}8cos8 

(:\,~,l) 

(A.2.2) 

where x
2 

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

height from the centre of mass of link 2. 

X3 = rcos8+ I} cos</>j 

X3 = -r Osin8-11 ~sin</>; 

x.. = rcos8 + leos</> ; 

* .. = -r Osin8-I~sin</> ; 

Y3 = l}sint/> 

)'3 = I} <Pcost/> 

Total kinetic energy of the mechanism T, is: 

189A 

(A.2.3) 

(A.2A) 

(:\ ,,!.5) 



T - 1 J (}"2+1 2 (}"2 IJ [2·2 2 2 
t - 2" 2 2" m 2 r l + 2" 3 r 0 cos OJ(1 -() -r:'>ine)2):~ 

\ ./ .) (: . _.11 

Lagrange's equations are: 

for i= 1 ,2, ..... n (A.:!.7) 

where L is the Lagrangian given as the differellce 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 coordinatt' 

and time derivatives with respect to the generalized 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 individ lJal energit.'S of each compont'nt 

in the hybrid arrangement as: 

(A.J.l) 

where T c is the rotational kinetic energy of the dc constant spet'd motor. T a is the rotational 

energy of the differential gear annulus, T .. is the rotational energy of the de St'rv~mot.or .. Tcr 

is the rotational energy of the crank and T" is the translational energy of the total ma .. ';;s on 

the slider. 

Individual energy terms for components are ginn as the following. 

(A.3.2) 

(A.3.3) 

(A.3.4) 

(A.3.5) 

(A.:J.6) 

Total kinetic energy of the system is then written as: 

(:\.:i."7 ) 

The values of slider displacement and velocity x. x and 83 art' written in Upt'll form llt'rt' ;\. ... : 

[ 
2 . 8 )1.1 1/ l x= r+l-rcos83 - I -(y-rslD 3 

(A.3.8 ) 

(A.3.~I~ 

. f d·ff ential gear·lIllit is ,·\prrs..vd ~'i: 
the kinematic relationship for the IDpuls 0 a , er 
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(:\.3.10) 

If equations (A.3.B), (A.3.9) and (A.3.lO) are :-Ilbstituted into equation (A.3.S). the total 

kinetic energy is written as the following. 

(A.3.ll) 

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

. . . aT OT aT OT ... dl OT, ) 
dIsplacements and velocities as ao t I -.-' , ao " _._t and further tIme denvatlves for dt\ -.-

1 aO I 2 a02 8°1 

and J/ a~t) by using equation (A.2.7) yield final form of the equations of motion as given 
dt\ B02 

in chapter 4. 
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APPENDIX 4 

STANDARD ELEMENTS OF BO D GRAPHS 

name 

Sources 

Se -- e-source 

Sf -- f-source 

S -- source 

OiBBipators 

-- R res i lance 

Storage 

- - C capacitance 

-- I inertia nce 

TABLE I: 

constitutive relation 

e(t) given 

f(t) giv n 

t/ (cJ) = 0 

(' = Hf (li lH'ar) 

l;'(C ,q) = 0 

e= e(O)+l/ J fdt 

( linea r) 

~, (f.p) = 0 

f= f(O) 1/1 J ((II 
(lilH';H 

1 \ 

example 

Ilr • 

eu rrt'll t 1I r ' 

motor Co h'H dC':lt'ri t i( 

IIlt'chanicd dalllper, 

1.lectri al rt'sisl net' 

pring, 

hydraulic: ft' rvolr 

h) dra\lli in 



Transducers 

- TF - transformer 

- GY - gyrator 

- MTF- modulated 

transformer 

- MGY- modulated 

gyrator 

Junctions 

o - O-junction 

I 

1 - I-junction fl = f2= f3= .. .fn 

e1 +e2+e3+ ... en = 0 
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rack and pinion. 

cylinder and piston 

electrodynamic tr. 

kinematic mechanism 

electric motor 

equal forces 

parallel connection 

equal velocities 

series connection 
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