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DIAGRAM METHOD FOR TEACHING MECHANISMS AND MACHINES 

Z. Levai, Professor 

Budapest University o f Technology, Hungary 

The way emloyed in the diagram method r e minds 
of making osci llograph tape . The graphs , built up 
by calculations and logical deduction , clearly and 
efficiently describe processes occurring in mecha­
nisms . It can be u sed a l so for developing analysing 
a bilities of students and for examinations as well . 

Das in der Diagramm-methode angewandte Ver­
fahren erinnert an die Herstellung des Oszcillog­
rafenbildes . Die auf Grund de r Be rechnungen und 
logi schen Fo lgesungen aufgebaute Gra fikone demonst ­
rieren anschaulich und wir kungsvoll die Vorgange, 
die s ich in d er Mechanismen abwickeln . Die Methode 
verwendbar auf die Entwi cklung der F ertigkeit zur 
Analyse de r S tud enten und auch auf die Examinati­
onen . 

In education , often quite s imple methods are effi­

cient especially if i t is con sequently used. A simple 

idt!a wi ll be p re sented l ike ly o f clearly , efficiently 

describing processes occurring in mecha nisms . 

Another advantage o f diag ra m method is to d evelo p 

analyzing abilities of students by home p ractice . A 

third advantage consists in the easy a nd r elia ble 

testing of knowledge and analyzing a bili ties of s tu­

dents , for instance in examination . This simple me t ­

hod will be illu strated on a few examples r ather than 

by lengthy t!xplana tions. 

Let u s take first a planetary gear train and pre­

sent its mo tion conditio11S. Be thi s planetary gear 

train 0f P/P/N type , t.e. positive / e xternal/ central 

gear plu s positive planer gea r plu s negative /inter­

nal/ central gea r. Be the r e la tive ve locity r atio 

Q;-0, 5 . 

Any planetary gea r t r ain is know1L to be accessib­

le to analysis by the theorem of relative velocity 

ratio : 
- (.) 3 

where / 1/ 
- w 3 

wl =angula r velocity of the first central ~l!a.r , 

w2 = angular velocity of the second centr al gear , 

w
3

= an gu lar veloci ty vf the gear arm . 

The equation 1 can written in form 

/2/ 

U two of thl! v·e locities a re given, the thi rd one 

can be dete rmined . This method is not illustrative 

and no t vividly descrep tive . In Europe , the Kutz bach 

grapfhic method is in gene ral use , examining the 

angular velocity ratios by the vecto r s of momentary 

pe ripheral velocities. Unfortunately , thi s method is 

too sta tic to present the ve locity changes. 

Our d iagram method is essentially based on the 

graphic display of the analytic equation 2 in parame­

te r ed fotm: 

wl c (Jl/ t/ 

w2 =< .• .)2/t/ 

<v 3 - w3/ t/ 

Fig.l . 

Fig .l shows the p ro gress of a ll veloc itu~s . 

/3/ 

rwo of them , name ly wl and (JJ ' were p rescnbc•t by 

the teacher -.tnd W2 W ClS tO plot by the ~tudl! rtt i dash ,•cl 



1 I Of course , in applying the diagram for expla­lne • 
. the dashed line will be traced in coop e rati-nntte>n , 

on with the students , d i scussing the s teps of solu -

11 011 . 

Th e some problem may be put several time in 

nn exmnination , s ince the in ital gra phs are easy to 

modify . 
The way employed in the diagram method reminds 

of mnking osci llograph ta pe. lt has to be point ed out 

thnt in this method , time as a p arameter is of no 

importence as a rule , the time scale may mostly b e 

omitted in the diagram . 

This example was a rather simple one, the 

<tpplic.:uion of diagram method could be seen a bit 

forced. lt is more appropriate in cases wher e , in 

addition to displa c ements, also forces intervene. 

2 
~,=50 N 

ry - S N 

Fig. 2 . 

Fig . 3 . 
t 

Fig . 2 shows the w eight of a centrifugal regula tor . 

Let the centrifu gal fo r ce vary eccordin g to the graph in 

Fig . 3 below . Centrifugal force may impose a displa­

cement on the fly weight in direction x . The motion 

is counteracted by spring forces and friction. S pring 

data are shown in th e figure. Be friction fo r c e F f 

constant . 

The problem is to dete rmine the motion of the fly 

w eight . l t is correctly sol ved by performing the 

following calculation: 

a/ x = 0 , 

until F c < F s l :!" F f ' 

b/ 

until 

until 

X c 

F c - F s l 

k l 

Fe > F sl + Fs2 + kla !' Ff' 

/4/ 

/5/ 

/6/ 

/71 

Of cours e , stud ents have to know wh en Fr is 

a ffected by a positive o r a n egative sign , as well a s 

that ifF c oscilla tes, th ere is only displa camen t if 

.tl Fc > Ff. 

The correct solution is that according to the line 

in F ig . 3 . 

Naturally, this problem may have several reuses 

in examination . The graph of n~n/t/ may be put in 

different manners . But the question may be r everted : 

the graphs x = x /t/ and n = n/t/ are given and the 

pertaining spring date / F s = ? , k = ? / a sked fo r . 

The third problem will involve , in eddition to 

displacement and force, a l so the pressure . 

The mechnnism i s thnt shown in Fig . L . 

The problem is to determine the relationship 

between p1 and p 2 and to show the motion of piston E . 

In Fig . 5 the graph of p 1 has been plotted by the 

teacher in advance . F or the sake of simplicity, this 

process will be statically considered : pressure p
1 

is 

changed in infi nitely small steps and p
2 

and x are 

tiW<lited to l!e stabilize<l after each step . 

The S0luti.on proce<lur e is the following . 



0 
0 

~'= 0 
k'= 10 Njmm 

Fig. 4. 
P iston E is immobile /x=O/ hence p

1 
~p1 

until p F sl 
1 ~ -x--· 

1 

After the s ta rt of piston E: 

A l F sl 
X = 1<"1 pl - ~ 

unti l 

ln this case 

x = 4p1-z until 0,5< p
1 

<. 1. 

Meanwhile, with the valve open: 

p2~pl . 

After the va lve has closed , that is when 

Fsl + sla 
Pl> A , i. e . P1 > l, 

1 

/8/ 

/9/ 

piston E allways returns to x = a after each inc re-

ment o f p1 • This time equilibrium of forces acting on 
piston E: 

/10/ 

hence 

Pz = 
F s 1 + kl 

A2 
= 0 ,5 p1 + 0,5 . /11/ 

If the trend of variation of p2 turns back , i. e . 

decrease occurs instead of increase, it calls fo r 

taking also piston Minto consideration . 

General e quilibrium of forces on piston M : 

PzA3- F s 2- k2 y = 0 . 

ln the end position : 

max A F k ymax _ 0 P2 3 - s2 - 2 -

Incompressibility of fluid s involves : 

/x- a / A
2

- /ymax_ y/ A
3 

s O, 

/12/ 

/13/ 

/14 / 

Eqs 12, 14, 15 , and 16 yield expr essions for 

both p2 =p2 /p1/ and x - x / p1/ such as : 

p2:0 ,25 Pl+O, S Pzmax+0,25 , 

and 

max 5 x 3 10 p 2 - pl. 

p 
[MPa] 

4 

3 

2 

/15/ 

/16/ 

1 

o¥U----~~--~+4-4--+-~~t~ 
X 

10 

0~-------------------L--~t -

Fig.S . 

S tudents ha ve to be aware that Eqs 15 and 16 hold 

unti l p2 drops to the momenta ry value of p 1, i.e. unti l 

ma x 2 max 
0 3 P2 > Pz , ... J P2 - , 3 • 

ln this r ange , validity of Eqs 14 and 15 i s inde­

pendent of the trend of variation of the p
1 

value. 



Of course, below this range Eqs 8 and 9, above it 

Eqs 11 and x =a will hold. 

The correct solution is that in dashed line in 

Fig. S. Of course, also this problem may be put in 

an infinity of variations. 

Our last problem will concern a complex 

mechanism. Although its operation is accessible to 

mathematic analysis, here the graphic method will 

be applied only to check the sense or abilities for 

mechanism analysis. No concrete data will be given 

I 
p

0
- const. 

No more explanation of the diagram method 

seems us to be necessary, it being fully clear after 

the examples. This method has been in use for more 

than a decade by us, a lot of problems have been de­

veloped. There are some needing only ten minutes to 

be solved, while others require more than an hour. 

Students consider this method as useful and interes­

ting. 

A 

B 

c 

Fig. 6. 

for the problem , neither will the students be asked 

to plot graphes with exact values. The character of 

the graphes is of interest . Dynamic opproach to the 

phenomenon may be asked for, that is to realize 

continous variations of displacements and pressures, 

rather than variations in infinitely small steps. 

ln Fig. 6 the motion of point A was detennined 

by the teacher while the graphs characterizing both 

the motion of points B, C, D and variations of pr essu­

res p 1 , Pz were to be ploted by the students. 

In such a dynamic problem it matters if the stu­

dent realized times At while points B, C and D are 

still in motion, although point A has already stopped. 
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