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ABSTRACT

Selection of ratios in mechanical transmission of motor
vehicles can be done according to various mathematical prog -
ressions such as : arithmatic, harmonic and geometric with
constant and increasing roots,

In a paper presented by the same authors, a comparison
of the methods of selecting the gear ratios has been made.
This was done by calculating the wasted power due to their
stepped tractive effort - speed characteristics relative to
the ideal one with continuous power transmission. It has
been concluded that the gemetric progression would give the
least wasted power. This conclusion was based on calcula-
tions considering the data of only one Jeep car.

The objective of this paper is to prove the validity of
the above mentioned conclusion. 1In this regard, same method
of comparison was applied to 14 small and medium class dif-
ferent passenger cars having engines of swept volume between
0,9 and 1.6 litre.
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INTRODUCTICN

Matching of the vehicle engine and transmission is an
important job that a vehicle designer has to fulfil. A good
matching depends upon both engine and transmission characte-
ristics.

In a mechanical transmission, the choice of the gear
ratios represents the most important factor influencing the
degree of matching and consequently the vehicle performance.

Selection of the gear ratios is usually done according
to certain mathematical progressions such as; arithmatic,
harmonic and geometric with constant or increasing roots.

In a paper published by the authors in May 1985 (1) a
comparison of the methods of gear ratios spacing has been
done. As a measure of comparison, the unobtainable power due
to traction-speed characteristics of mechanical transmission
relative to the ideal one has been considered. On the tract-
jon-speed curve in Fig. 1, the areas representing the unobt-
ainable or wasted power is shown.

The comparison has been made considering the data of a
Jeep car and it has been concluded that the geometric prog-
ression would give the least wasted power.

To prove the validity of this conclusion, the present
study considers a variety of small and medium class passenger
cars.

TECHNICAL DATA OF THE PASSENGER CARS CONSIDERED IN THE
ANALYSIS.

The passenger cars considered in the study belong to
the small and medium class cars have swept volume of engine
ranging between 0.9 and 1.6 litres. The main technical data
of these cars are given in Tables 1la, 1lb, and the caharacte-
ristic power and torque curves are shown in Figs. 2,3,4,5.

The engine power curve can be predicted by an equation
of the following form

- n Ne n
P, = P [ ACD r B s e a0 ]
Ny N nN NN
Where :
Pe = engine power, HP
Pe musxr = engine maximum power, HP
Ng = engine revolutions, r.p.m.
n = engine revolutions at max. power, r.p.m.

A,B,C,D = constants.
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Fig. 1 : Ideal and Stepped Tratction-speed relationships
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J The constants A,B,C,D in equation (1) could be determined
6 by taking the values of engine power and the corresponding
e engine speed at four points widely spaced on the power curve
between the engine speed values corresponding to max power and
torque.

A special BASIC computer program (Appendix 1) has been
written to calculate the constants A,B,C,D for each of the
fourteen power curves.

CALCULATION OF THE GEAR RATIOS ACCORDING TO DIFFERENT
METHODS.

The following methods were used to calculate the inter-
mediate ratios while the maximum and minimum are given as
vehicle data.

A special BASIC computer program (Appendix 2) has been
written to calculate the gear ratios according to arithmatic,
harmonic, geometric with constant root and geometric with
increasing roots.

The relationships for calculating the individual ratios
according to the mentioned progressions are as follows :

Arithmatic :
il - i2 = i2 - i3 e in-l - in = const
Harmonic
l/i2 - l/il = l/i3 - l/i2 B e, = l/in_l - l/in=~constant
Geometric with constant root :
il/i2 = 12/13 = ..., = in—l/in = constant
Geometric with increasing root
i i2 in.1
Pl B i T R
and q1/d, = qp/dy = ... = 9n.27/9,.1 = 9 = constant

COMPUTATION OF THE WASTED POWER,

The wasted power represented by the hatched areas in Fig.1
can be computed using the following mathematical integration:

n \V4 v

s> [ [reaw S e av |

i=1 Vl vl
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r 1
Where
6Py = the total wasted power, HP
Vi,V9 = vehicle speeds as in Fig. hi
F¢ = tractive effort given by the ideal traction
characteristics,
, Ft = Po max -2-27QO/V . ,.Ngwtons
Fy - Tractive effort given by the individual tract-
ion curves of the mechanical transmission.
f
FY = Pe. 7 - 2700/V
B : given by the equation (1)
© 0.377-Na « I3
\ : given by the equation : =— - =
1t
rq : wheel dynamic radius.
iy : total transmission ratio.

n : total mechanical cfficiency.

To facilitate the computation of the wasted power, a
special BASIC computer program (Appendix 3) has been written.

RE SULTS

The actual power delivered at wheels (areas under the
stepped curves in Fig. 1), the power at wheels in case of
ideal transmission (area under the hyperbolic curve in Fig. 1)
were calculated in five cases for each car. In the first case
the actual gear ratios of the car were considered and in the
other four cases the gear ratios spaced according to the prev-
jously mentioned mathematical progressionshave been taken

into account. The results of computations are shown in Table 2.
CONCLUSIONS.
1- Based on the calculated unobtainable power due - to mech-

anical transmission characteristics relative to the ideal
one, the geometric with constant root stands as the best
progression for gear ratios spacing.

2- The geometric progression with increasing root gave slightly
higher wasted power than in case of constant root.

3- The arithmatic and harmonic progressions gave approxim-
ately 30% higher wasted power relative to the geometric
progression.
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r Table 2 : Unobtainable power for used vehicles with
different progressions.

5

FROGRAM TO CALCULATE THE LOSS5ES

FROGRESSION DIFFERENCE

FIAT UNQO

ARITHMATIC FROGRESSION: 19619.99
HARMONIC FROGRESSION: 126%6.72
GEOMETRIC FROGRESSION: 16252.81
GEOMET.WITH INCR.ROOT: 167473%.54
REAL GEAR RATIOS: 1B105.14

(OFEL CORSA

ARITHMATIC FROGRESSION: 191 28.95
HARMONIC FPROGRESSION: 17827.4%
GEOMETRIC FROGRESSION: 1599347
GEOMET.WITH INCR.ROOT: L6655, 7
REAL GEAR RATIOS: 16780. 68
MAZDA T2T

ARITHMATIC FROGRESSION: I9709.41
HARMONIC FROGRESSION: 39916.97
GEOMETRIC FROGRESSION: 27459.03
GEOMET.WITH INCR.ROOT: 27500. 1
REAL GEAR RATIOS: 5542.79

MISSAN FLULZAR

ARITHMATIC FROGRESSION: 15401 ,21
HARMONIC PROGRESSIOM: 15403, 77
GEOMETRIC FROGRESSION: 1227607

GEOMET.WITH INCR.ROQT: L I0F3. 95
REAL GEAR RATIOS: L2901 7437

SEAT TFIZA

ARITHMATIC FROGRESSIOMN: 1toz=4.9
HARMONIC FROGRESSION: L1091
GEOMETRIC FROGRESSION: B740./,7
GEOMET.WITH [NCF.ROQT: FI87.647
REAL GEAR RATIOS: 10188.74

MISSAMN SURNNY

ARITHMATIC FROGRESSION: 20938, 31
HARMONIC FROGRESSIOM: 20932.19
GEOMETRIC FROGRESSION: 164AK5.94
GEOMET.WITH INCR.ROOQT: L 7451554
REAL GEAR RATIONS: 17446, 67
VWL IETTA

ARITHMATIC FROGRESSION: 276D TF
HARMOMNIC FROGRESSION: 277h6.397
GEOMETRIC FROGRESSION: L2295 2.44

GEOMET.VWITH INCE._ROOT= ~TAaA1¢aA MO~



MD=27

-~

continued.,

DFEL ASCOMA

ARITHMATIC FROGRESSION:
HARMONIC FROGRESSION:
GEOMETRIC FROGRESSION:
GEOMET.WITH INCRKR.RCOT:
REAL GEAR RATIOS:

FEUGEODT 2035

ARITHMATIC FROGRESSTION:
HARMONIC PROGRESSIAON:
GEOMETRIC FROGRESSION:
GEOMET . WITH INCR.ROOT:
REAL GEAR RATIOS:

FENAULT 5

ARITHMATIC FROGRESSION:
HARMONIC FROGRESS TON:
GEOMETRIC FROGRESSION:
GEOMET.WITH INCR.RQOT:
REAL GEAR RATIONS:

FIAT FEGATA
ARITHMATIC FROGRESSION:
HARMONIC FROGRESSION:
GEOMETRIEC FROGRESSION:
GEOMET.WITH INCR.ROQT:
REAL GEAR RATIOS:

HOMDA CIVIC

ARTTHMATIC FROGRESSTON:
HARMOMIC FROGRESSION:
GEOMETRIC FROGRESSION:
GEOMET.WITH INCR.ROOT:
REAL GEAR RATIONS:

SEAT ML AGA

ARITHMATIC FROGRESSTON:
HARMOMIC FROGRESSTON:
GEOMETRIC FRUGRESSI0ON:
GEOMET.WITH LINCR.KOOT:
REAL GEAR RATINS:

PEEMaLL T 9

ARTTHIIATIC FROGRESSTOM:
HARMONIC FROGRESSTCN:
GEOMETRIC FROGRESSION:
GEOMET.WITH INCR.ROOT:
REAL GEAR RATIOS:

Table 2

SECOND A.M.E. CONFERENCE
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21287.42
21294&.46
16459, 675
1 756%5. 1.1
17656.25

RIOHBE . 9%
27686068
“244501.4

25T 17

20682.6

15689, ¢
L5620,
124650,9
13233.469
15449,47

&

@

29711.87
DT LD

249452, 24
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Appendix 1 : Program to calculate constants of power
curves.

€ REM FROGRAM TO CALCULATE COMSTANTS OF FOWER CURVES
10 REM USING FROGRAM TO SULVE SYSTEHM OF LINEAR ECUATIONS
11 LERINT"VALUES OF CONSTANTS OF FUWER CURVES"
1: LF'F\'IN'T"__.____.___,.._-_..____....._...._____._...._..,__w____.H-,__.._.-___.-.._.,._.”
12 LFRINT

20 N=4

EO ODIM ANGN+L) GRINDY X (N

75 READ TE ¢ TYFE QF VEHICLE (="END" TO FINI&H)
b IF TE="END" THEN T40

A7 READ RMAX,FFAX ‘rpm abt mas powar  mad power
40 FOR I=1 TD ®

4% READ REV,FOWER ‘one point on the curve

50 FOR J=1 10 M

&HO AL J) = (REV/RMAX) ™J

7O NEXT J

HO BOD) =FOWER/FMAX

90 NEXT 1

100 FOR T=1 TO N

110 ACT M+ =BT

120 NEXT I

130 FOR K=L T0O K

140 T /@GR ED

150 FOR J=k TOQ M+1

1EO ACE I =M (K d)#]

170 NEXT J

180 FOR J=1 T0O N

190 IF k=J THEMN 240

200 T=(G),E)

FOR D=kl T N

AT, TY=A(T, 1) =T*A (K, 1)

MEXT 1

MNEXT J

MEXT K

FOR I=1 T0O ©

X(I)=A(I,M+1)

NEXT I

5 LPRINTYTYRFE OF VEHTCLE: ", TE

LERIMT"VALUES OF COMSTANTE ="

FOR T=1 T0

LFRINT X (1),

NEXT I

LERINT @ LFRINT

BOTO 55

END
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" Appendix 2 : Program to calculate speed ratios according

& to different progressions.
0 LFRINT® CALCULATION OF SFEED RATIVS ACCORDIMG TO "
40 LFRINTY DIFFERENT FROGRESSIUNS "
50 LPRINT" ———emem e e b

55 LFRINT
56 LEPRINT'"FIRST","SECOND","THIRD","FOURTH" ,"FIFTH"
57 LFRINT"SFEED","SFEED","SFEED","SFEED","aFEED"
75 READ T#,FI,LA,N
76 IF TE="END" THEN 5S40
g0 LFRINT
100 LFRINT
110 LFRINT"VEHICLE TYFE:";T#
120 LFRINT"ARITHMATIC FROGRESSION"
130 I(1)=FI
140 I(N)=LA
150 @=(I (1) =T (N))/(N=-1)
160 LPRINT 1(1),
170 FOR k=2 TO N-1
1890 [(E)=1(1)—-(kK-1)*0Q
190 LFRINT I (k) ,
200 NEXT kK
210 LFRINT (M)
270 LFRINT"HARMONIC FROGRESSION!
240 LFRINT I(1),
250 O=(1/1 (M) =1/1(1))/(N=-1)
240 FOR E=2 TO N-1
270 I(E)=1/101) +(K—1) »D
280 I(E)=1/1()
790 LFPRINT I(k),
SO0 NEXT ¥
10 LFRINT T(ND
330 LFRINT'"GEDMETRIC FROGRESSINNMT
40 LFRINT (1),
50 @=(I () /1)) 1/ (N=1))
360 FOR k=2 TO M-
370 I(EH =T /0 (k=1))
80 LFRINT I (k) ,
250 NEXT K
400 LFRINT I (N
420 LLFRINT "GEOMETRIC WITH IMCRERSING ROOTS"
470 @=1.1
440 IF N=5 THEM 470
450 D1=(1 (1) /(TN *0Z2)) (172
360 (30TO 480
.. A70 M=(I(1) /(1N *D) &)) (1/4)
. 480 LFRINT I(1),
470 FOR k=2 TO N-1
SO00 I(K)=1(k~-1)/(Q1#0" (N-F))
510 LFRINT I(K),
G20 MEXT kK
aI0 LFRINT I (R
Leres A}y TS
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r Appendix 3 :

10 REM
20 LPRINT "

TO LERINT "
40 READ T%
IF T#="END"

S0

7 e
W.

Program to calculate the unobtainable power.

FROGRAM T1)

“type

CALCULATE
FROGRAM TO CAL

THE L.OSSES
CULATE THE LOSSES"
of vehicle
THEN 480

60 LFRINT:LFRINT"TYFE OF VEHICLE:",T#
70 REM INFPUT MAX FOWER,REV.AT MAX FOWER,DYM.RAD.,
80 REM FINAL DRIVE GEAR RATIO,NU OF SPEEDS

90 READ PMAX,NN,RD, 10,N
95 REM INFUT FIRST AND LAST

24 READ G(1) ,G(N)

READ A,E,C,D

SECOND A.M.E. CONFERENCE
6 - 8 May 1986 , Cairo

SFEED RATIO0S

‘constants of power curves

LFRINT"GREAT AREA","SMALL AREA","DIFFERENCE"

FOR
ON J

J=1 TO &
G070

Ll

’-:) g otd

LFRINT"ARITHMATIC FROGRESSION:"

gqears

‘different progressicong
L0, 190,210

180 GOTO Z40

170 LFRINT"HARMONIC FRUGRESSION: ™
200 GOTO 240

210 LFRINT"GEOMETRIC FRUGRESSION: ™
220 GOTO 240

DEO LFRINTYGEOME TRIC WITH INCREASING ROOT:"
274 (0TO 2490

275 LFRINT"REAL GEAR RATIOLSG: M

240 FOR 1= 2 TO KN-1

250 READ G(I) ‘gear

260 NEXT I

270 SUMDIF = 0O

290 SUMF1=0

G0 SUMF2=0

291 FOR I=1 TO N

2GR V(D)= JIZT7T7#NN*RD/ (10*G (1)

293 NMEXT I

00 El= 2700%FMAX*. S

210 FOR I=2 70 M "dif forent

A20 F1 = EA1#(LOG(V(I) ) -LOGVII=1)))
T30 K2 = I0%G(I1) /(. Z77%REDeMNRD

240

C#b2
ZH0 F2 = AL-AZ
SUMF 1 =SUMF 1 +F 1
SUMF 2=8UMF 2 +F 2
DIF=F1-F2

LFRINT
NEXT I

LFRINT
NEXT J
LFRINT: LFRINT

SUMDIF=3UMDIF+DIF
Bl LB, DEF

g (M (1))

AT ED R 2

LFRINT"SUFMAT TURN: "

LFRINT SUMFL1,5UMF2,SUMDIF

EVICT 1) Bk =

Al=(FMAL* . S*2700) % (A= T# ) {(T)+BEE22 (V (1)) "2/2

+CRE2TR (W (T) ) S/ 04D RE D
45 AR=(FMAX*, S*270C0) * (AxkE
Jw(VCI=1))

4/4)
2R (V(I-1))"2/2+
A% (VII-1))"4/4)

B
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