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Abstract

We aim to design optimal race scenarios for five different categories of cycling time trial partici-
pants: climbers, sprinters, boxers, rollerbladers and time trial specialists, giving them the best
possible energy distribution during the race and the shortest possible time to the line. For pur-
poses of practice, we also apply the solutions to three different race scenarios: the Tokyo 2021
Olympic Games time trial, the UCI World Championship time trial and a time trial course of our
own design. In addition, in order to better fit the reality, we need to add some parameters that re-
flect different disturbing factors in the model to make the model optimal. In this paper, we use
stepwise regression method and interpolation method to successfully help the riders to choose
the best strategy for the race. Firstly, we analyzed the correlation between riding speed, functional
index and energy consumption, established the energy consumption equation by stepwise regres-
sion, and combined the energy consumption equation with relevant information, defining the power
configuration for five types of riders. Secondly, we made an interpolation of the three time trial
graphs mentioned in the question and chose to construct the rider’s riding speed as a function of
time. For the portrayal of the power-position relationship, we integrated the relationship between
force, speed, power, time and position, building a differential equation model to solve it. We found
that as the rider’s distance increases, its power first shows a rapid growth trend, but the growth
rate becomes slower and slower, and then travels at constant power. We tested that the model was
suitable for the three-time trials by ensuring that the time trial can be reduced to a speed suitable
for turning when decelerating and by verifying that the displacement calculated in the third stage
is smaller than the displacement in the race diagram. Next, considering that there is wind interfe-
rence in the actual problem and the riders in the front row of the team will be affected by the drag,
the new differential equation model is obtained by increasing the scale coefficients of wind and
speed on the basis of the differential equation model of problem 2. In general, under the mechan-
ism of riders rotating with each other, wind has no significant effect on team speed. Taking into
account that the pinch angles at the turns are different throughout the course and that the riders’
choices of split timing race strategies and strategies for ad hoc handling of unexpected situations
may lead to missed power targets. Considering the rider p-t power distribution together, we con-
cluded that the solved rider p-t power distribution was somewhat different from the target power
distribution. In conclusion, considering the actual race situation of the team time trial, the speed
and power of the fourth rider crossing the line are moderate. We extended the differential equa-
tion model already obtained above to determine the relationship between energy and time. Based
on the energy schematic, it was concluded that the rider had the longest time at constant speed in
the second stage and the most reasonable energy distribution. Taken together, the model is highly
flexible and generalizable. We can also improve the model by improving the fitting accuracy and
adding new influencing factors.
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Table 2. Power profiles for different types of riders of different genders
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Figure 1. Schematic diagram of the course stages
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Table 3. Riders’ t values and velocity and power curves with different types and genders
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Figure 2. Velocity images of different riders
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Figure 3. Power images of different riders
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Figure 4. Schematic diagram of the general model and stress analysis of the track

E 4. ENABRESZHHITRERE

BRI SIE AT, FF €T, Dk ERAEE. Al SEpdiEd, ROIE
SEILETF IR R AR, DMEJE SR . HIERISTERAAE € MBURMA R, BATIE LN 20
B, I HAVM I REALBEAT 32 300, IS € 2T A . T4

Ncos@=(m+M)g

2 ©)
Nsin49=(m+M)%

b A R IR i 2 TE AL (0 AR R AR DOE 1 o ARIE SR — T MR SR IR, RS AT,
TREERR, SRWZE 4 Fios.

DOI: 10.12677/aam.2022.118539 5146 IR Esid


https://doi.org/10.12677/aam.2022.118539

FEYERN 45

Table 4. Turning velocity of different types of riders and different genders
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Table 5. Deceleration demand distance for different types of riders and different genders
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N ERFFLE SR 94% INEH 2, R A AT Sl ™ A B PLIR A 2l I T SR ) SR PR ). AE 3
AR5 T PTH AR RE R AT IR, A A8 SO PR K SAPURTRE I e e ol el R A PR ) o (RGN B3 7 BL
e W B BARRF B QAT R, RN ER SR, I REE AR RS, 725
SR IEIVR AL, T Tt Bk . RILAESERREL SR AR, T TR WA I RE R A7 B RO, B
TR LERS AR ESR

FESPREC R, AR 2 BT M SE TR B 24 (. O 1 As L3R, B T A 2 R B— € B EL 3E SEmE
i, TH BTG T R S BOR BEOREG . AR KPR 5y HBLERS,  T 25 H8 JU 2 R B I (]
BTt EE R NS TE AT EAT 78 A, A2 W SR BB A S R T, SRR S
PRI BEE RGP B EBOR o [FIRHARAT R 20 B IR PRBRERE L K S 55BEAT 7047
KIGOE & H CRTNEST RS, TS BRI iEA —E R B a5 T 755, ften, £,
BFATE I BRI I DL, XA IR B FAT 2 R S o AT 2 WA R R R
FRES 6 E S DL, RIS IR), 0BG R i 0 D e P Ack B ) SR AN 7] th 2 3 B 23 4 1) 45 Bl A
[l PRI, PEFESRMSHISCHE, TP Ressid sl /s HbR, S BARDhRD A AWML . [4]

7. BT RS FEERENBR TR SERERERIRT
CRHFANRAMRER A E(1), WIRKENE()=E,, T

dE
5o (E(r)=0) (16)
ExerhegHE e T RE B B RIEa
v(t):FT(l—e_;] (17)
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FEEST T F = £, A5 T

E_ (1—efj (18)
dr

TEWIIE AT T HiIZ 8 S FE 1T CICAF B B AR A ™ AR I RE &, FRATWT DA 258 — B B RE ek
7N

E(t):EO—(Fzr—a)t+F212(l—e_iJ (19)

FATATURSE RG22 B s E S BT
g TRt I BE N AR EON f (1), O TR e ERIE R

F)-2=m (05 £ ()= F) 0)
DL A O A7 ) R B ) AR AL
‘:5_0 v (E(1)=0) 1)

FHEE A IR ST AT LA 58 B B AR A RE R RO -

_ _vz(t)_l t 2
E(1)=Ey+ot—— Tjov (r)dt (22)

LS B RE R LN B . SR BB RN 0, EPAREEBEREAT iRl
BT BB AR S, RIS R R A TR P RE R 2R AT DL T A 8 R
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Figure 8. The energy curve of different riders

8. EFFAREEME

B DA R o g R RN 1) P FRERIIEE 5, AR — B AR IR S AT 34T T

Hob - BN /S 42 B F S e i Z0 i, 3RATT AT DL I 58 DU 44 W5 T RE R AOWF 7S, AT 5 141 BA BE =
AL
AEREE VT, ROt EN A RAE. SIREITHR K, Bl —r ZEEK, RS RS
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&, RERAEmER . Hr B R AR e T v T B BRT DI A7 B A e e LR/ 23 B 5 2 R 3 4
BAEIREN T T 90, B BA T LOR DA A ST B 6 A T BT B A Z AR, RAERX
— P B T ZE RO, BRI BO R RE R A T R . (5]

8. EE 4

BRI A BATITE LA TR R L8 AR o SEAME TSR R B s iR LA 8K
o (RIERIPEAT R ek o RS B R AR R A RE M, AT DO R EAT R, W AR R AT T 2
BIANA SN T 2 MR 7,7,k ky, oo b, AT I JF HAETHE BARIEIE RS, AT & b i) i £k
ITHEEACEE, BORST b2 1 ARFE AL .

BRI G A : X TRIAH SRR T iR, BAIHE TEOVEBERE I £ R AEAER) 1 Z2m
DUE I, JATHR 28 Bk 1iazh 5 32 B S D 3R (W5 R 1 LA 55)  IX S0t Ja SR B BB 27 A /N il
W I o

9. B4

BATE X T AR PO RACE, #E W 7 3HFAERE ERA MR TR Z R KA.
PRI EAG RN S5 18 RAFAEXTBATE L R R A — €N, BT LRI 5 WIB B il e — BLAR
FrEH CRATIEROGERL, FTREH ET P—1 DR35S BRI R AT RAFAE — E 25 . SIHETH)
I, B e, — ZEEOR, REEDIE RS, fEERLREN.
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s
o] SR BT AR (DL “EEEE R):
clear

y=inline('22.4*x*(1-exp(-18/x))-15",'x");
[x0,yx]=fzero(y,1,[]);

disp(")
disp([blanks(7),'x0',blanks(9),'yx'])
disp([x0,yx])

result:

x0 yX
0.6696 0

clear
y=inline("22*x*(1-exp(-18/x))-10','x");
[x0,yx]=tfzero(y,1,[]);

disp(")
disp([blanks(7),'x0',blanks(9),'yx'])
disp([x0,yx])
result:
x0 yX
0.4545 0
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