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Approximation of Power

!'_ and Torque Curves



Exercise 1

= [tis asked to develop
approximations of the
power and torque
curves of a BMW 316i
engine

= From the published
data, one notices

P, =P,,,. = 8000 W
W1 = Wnom = 0000 rpm
Cy = Chur = 175 Nom

Wo = WCmaz = 9100 rpm
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Power approximation

= One looks for a power function of the type

P =P —alw—w|’| withb>0

= Data P(wi) = P1 = Pmax W = w1
P(UJQ) — PQ — Cma,:r: WC,aw W = Wy
10| d@p)|
dw o dw o N

= We are going to show this yields




Polynomial approximation

= Polynomial approximation of order 3
P(w)/P1 = ag + a1 (w/wi) + as (w/wi)? + as (w/w)®

s Identification of the coefficients

P(0) =0 (a9 =0 A
P(wl) =Paxr a1 +as+az =1
D) = Pr - Coas i, | 172027+ 031 = P/
ﬂ _ 0 \CL2—|—2613 no — () /
dw |, o)

2 nz —_—

W1



Polynomial approximation

= Polynomial approximation of order 4

Pw)/P1 = ag+ a1 (w/wi) + as (w/wi)? + az (w/w)?
+ay (w/w)*

s Identification of the coefficient
P(wl) — 7:)1 — 7Dmcm: W = W

= Solve the linear system
61+a2+a3+a4:1 \
a1 +2ay+3a3+4a4 =0

2 3 4
ay ng + azns + asns + agny = Po /Py

J

a2—|—2a3n2—|—3a4n§:0




Exercise 4 : Performance approximations

= Let’s calculate the data to proceed to the curve fitting

2
P(wi) = Pi = Prnas = 85000 W w1 = 5500 % — 575,9587rad/s

P(wz) = P2 = Crnaz WCnaa we = 392,6991 rad/s
= 175-392,6991

= 68722,33 W



Power approximation

= One looks for a power function of the type

P =P —alw—w|’| withb>0

= It comes ol
P2/ Py = 0.80850 b = F—— =1.9702
wa Jwy = 0.68182 P2
0 = =P 56607

w1 — wal®



Polynomial approximation

= Polynomial approximation of order 3

P(w)/P1 = ag + a1 (w/wi) + as (w/wi)? + as (w/w)®

s Identification of the coefficients

CL():O
a; +ag+asz =1

a1 o + as na + agns = Po /Py
as+2az3ns =0

W
ng = — = (), 68182

Wi

=) |

- aq = 0.33265
as = 2.50257
a3 = —1.83522

—



Polynomial approximation

= Polynomial approximation of order 4
Pw)/P1 = ag+ a1 (w/wi) + as (w/wi)? + az (w/w)?
+ ag (w/wp)’

= Solution of the linear system

—

a1 +as+asz+ag =1 ap = —0.43818
a1 +2ar+3a3+4a4 =0 =) as = 5.53448
ai no + as ng + as n% + ay n‘zl =Py /Py a3 = —5H.75443
as +2asns +3agns =0 ay = 1.65813

—



MATLAB Code

P 1 = 85000;
N 1 = 5500;
w 1l =N 1*2*pi/fe0;
C max = 175;
N 2 = 3750;
= N 2%2%pi/e0;

)
[
I

n2=wa2/wl;
= C_max*w_2;

o
[
|

A 3=1[1,1,1;n 2,n 2°2,n 2°3;0,1,2%n_2];
[1;P 2/P 1:01:
= A 3\B_3;

(51]
L
(!

4 4=101,1,1,1;n 2,n 2°2,n 2*3,n 2°4;0,1,2%n 2,3*n 2°2;1,2,3,4];

B 4 = [1;P 2/P 1:;0;0];
4 = 3_4\8_4:
b puis = (w_1/w 2 -1)/(P_1/P 2-1);
a puis = iP_l—P_E]I(ahsiw_l—w_zj“ih_puis]];

w=0:1:TO00*2*pd/e0;

v=0:1:1length(w)-1;

P3=F 1*{a 3(1)*(w/w _1l)+a 3(2)*(w/w_1)."2+a 3(3)*(w/fw_1)."3);

P4=FP 1*(a_4(1)* (w/w_l)+a_4(2)* (w/w_1l)."2+a_4(3)* (w/w_1)."3+a_4(4)* (w/w_1)."4):
FP=F l-a puis*abs(w-w_1l)."b puis;
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MATLAB Code

w=0:1:7000%2%pi/60;

v=0:1:1length({w)-1;

P3=P 1*{a 3(1)*{w/w 1l)+a 3(2)*(w/w_1)."2+a 3(3)*(w/w_1)."3);

P4=F 1*{a 4(1l)*(w/w _1l)+a 4(2)*(w/w_1)."2+a 4(3)* (w/w_1)."3+a 4(4)* (w/w_1)."4);
PP=P l-a puis*abs(w-w_1l)."b puis;

figure

hold on

plot (v, P3, 'LineWidth', 3, 'Colox', "red')

plot (v,P4, 'LineWidcth', 3, "Color', "bBlue')

plot (v, PP, 'LineWidth', 3, "Color', "green')
title('Power approXximations')

legend('3rd Polynomial', '4th Polynomial', 'Power'}
hold off

figure

hold on

plot (v,P3./w, "LineWidth',3, "Colox', "red')
plot(v,P4./w, "LineWidth',3, "Coloxr', "blus"')

plot (v, PP./w, 'LineWidth',3, "Coloz', "green')

ylim([O 200]1)

title('Torque approxXximations')

legend('3rd Polynomial', '4th Polynomial', 'Power')
hold off
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Comparison of Power approximations

= Power approximations

Power approximations
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i Comparison of Torque approximations

= Torque approximations

Torque approximations \
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