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Design of an F1 Tire Temperature Monitoring System
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Abstract
This project aims to design a high-precision tire temperature monitoring system for
Formula One (F1) racing applications. The primary objective is to address the critical
issue of how significant tire temperature variations impact vehicle performance and
safety during F1 events. The system is intended to provide a reliable, real-time solution
for tire temperature data acquisition, enabling race engineers to make informed

decisions on performance tuning and race strategy.

To achieve this goal, the design follows the methodology outlined in the
textbook Sensor Applications and Circuit Analysis. A Temperature Sensitive Resistor
(TSR) with a Temperature Coefficient of Resistance (TCR) of +4240 ppm/°C was
selected to measure temperatures within a range of 0 °C to 150 °C. The core of the
circuit utilizes an active bridge configuration to precisely convert the sensor's resistance
change (from 100 Q to 163.6 Q) into a linear voltage signal from 0 V to -0.06 V. To
enhance signal resolution, a subsequent stage employs a precision operational amplifier
(e.g., LM308A or its modern equivalent, AD8628) in an inverting configuration with a
gain of -50, amplifying the signal to a 0 V to +3.0 V range. This output is suitable for
driving an analog meter or for data acquisition by a microcontroller (MCU). The design
gives full consideration to the harsh Electromagnetic Interference (EMI) environment
of FI racing, incorporating noise suppression techniques such as shielding, power

supply filtering, and signal filtering to ensure system stability and accuracy.

Ultimately, this project successfully proposes a complete analog signal conditioning
circuit design. The resulting output signal demonstrates excellent linearity and is
theoretically capable of achieving a measurement accuracy of +1 °C. This design can
not only drive an indicator gauge directly but also holds the potential for integration
with modern digital telemetry systems, such as interfacing with an onboard ECU or
Data Acquisition Unit (DAU) for digital processing. The findings of this study can serve
as a foundational blueprint for temperature sensing systems in F1 or other high-
performance vehicles, providing a robust technical basis for accurately mastering

vehicle dynamic performance.
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4.5V S
s
VR Vool Tolur
1.62K: [} 24k ;
1000
4 oP1
+ Vi
- 25.5K o & ¥
2.5000V e
- 9530
VR:[*$ 1000

B 2-7 2% 0°C~100°C ;¥

B Vi chip=2.5V (4 TL1004C-2.5 & 2 ) o
B Ry(1.62kQ) * 3 TLI004C-2.5 *Ljnfrdk i B o
n OPI(EJ:—.,!R’ p/};ﬂq,/f%)"
& FdApdir s (VH) @ Vref chip 25V) fod sk
(VR2, 953 Q, R adj) (#3]- Ba /& »* ”i?ﬁp’??é’%f{ °
& FpE s (V) 4 R wf (R(T), 100 Q(VR)),
249 kQ) feH T (2.55kQ) ¥ -
@ LiER BIE CBLOOD (T2 i e R(T)) g im 1 bl -
® HKH¢ Ee 1 bl=(2.500V-9434mV)/2.55kQ =
943.4 uA (%% Bl 2-6) -
® R (XxH* 255kQ) 4= R fixed (%4 * 2.49 kQ +
100Q) 25 A & o

5 Fl 75 BIE (R(0)=100 Q, a=0. 00424/°C) B TR

P VI(0°C)=0V >V (150°C)= #-] e f TR (54 -0. 0636
\A 'ﬁr%m/f;lmA’ml‘Fé@lL636Q)

AfpgRt - BAF L Beofied » 29 - lﬁﬁ;?])x%; TR
y- BEEETTR ﬂ,gw ﬁﬁﬁ—ﬁ":ﬁ;}%]ﬁo kAL B o

PR RTRETRRE (5T W 2-1 %A AR
2-6):

FEoiE R(T)ehT ix 1 sense=1mA -

T I R(T)- ## OPI ﬁ?l:", Vi ¥ - 334 OP F #Bﬁ%l)\ V- o
R ref fixed (#]4- 100Q> % % R(0)) — #43& V-> ¥ — =5 B
4 T RV offset »

V- ¢ &% V+(}F:}5§i§1») o

I sense = (V1-V-)/R(T)

I ref=(V--V offset) /R _ref fixed

B3k V+=V ref chip=25V - p] V-=25V o

[ ref=(2.5V -V offset)/ 100 Q -

Yo% AP [ ref=1mA > B| 25V -V offset=0.1 V> #112
V offset=24V -

Bl V11-25V=-R(T) * 1 mA -

Vi(T)=2.5V-R(T) * 1 mA -
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St
[Fd=

Vi(0°C) =25V -100Q* ImA=25V-0.1V=24V -
Vi(150°C) = 2.5 V - 163.6 Q * 1 mA = 2.5 V - 0.1636 V =
2.3364 V

B BAL24V R T 23364V nf n TRB S B
5 -0.0636V -

ﬁ%] NENBERSE Q4V) FiLE ] o

B RME 2-7 Rkt & ji?%f:;f%ﬁiﬁt:
Vref_supply =4.5V (% THER)
Vref opamp plus=2.5V (kg TL1004C-2.5) o

A
|
|
|

'3:— &OPI(P/}EIEL#%‘P_» 1&\?”/ é"")Iﬂ)

@ Ex R(T) £0°C pFE_100 Q (R_CB100D) -

® FApkF: (Vref_supply) —[2.49 kQ (R_A)] --- (V-) -
[25.5 kQ (R_B)] - (GND)

® 2l EE : (Vref supply) — [R(T) (CB100D)] -
(V_sensor_out) --- [100 Q (VR1), 2.49 kQ (? )] ---
(V_out OP)

® TBTER 27 % { - Bd OP H= b

% — %
HRTRIEELSEEE - AMr kg - B2 7 R

mq,/fﬁ

FR4 FH W 26 TR B R HLE

R(T) ¥ CBI100D -

1 bll(/n 35 R(T)ma,, '/H ) 943 .41 ],LA °

Ri (2 1 by # Beng 1o - g4ty sl £k Bimik h’ﬂaﬁrﬂ :

4ol 2-6 ¥ ARt T OPAmp 2 ihfpe B ¢ ek 2R JE)e

Vi(0)=0V - iz ZK3 P 1%

Si(T) =-400 uV/°C (% - &@?] VENRATRE) o

€ 712 A 150°C pF 0 Vi(150°C) = -400uV/°C * 150°C =
60 mV=-006V -

E 3 Sk (A3 Vi(150°C) =-0.06 V):

I sensor = V(150 °C) / (R(0) - R(150)) = -0.06 V / (100 Q -
163.6 Q) =-0.06 V/-63.6 Q= 0.9434 mA (&2 % - )

B3 RAEY (4@ 2-1) 0 Vi(T) = - (Vet/R1) * R(T) +
V_offset eff -

27 F M ViI(0)=0V Fr Vi(150°C)=-0.06 V:

0=-(Viet/R1) * 100+ V_offset eff=>V offset eff=(Vrer/R1)
*100

-0.06 = - (Vref/Ry) * 163.6 + (Vie/R1) * 100

-0.06 = - (Viet/R1) * 63.6

(Vre/R1) = 0.06 / 63.6 = 0.0009434 A = 0.9434 mA -
BRATER B BTN e

4o% Vier chip=2.5V > B R1;=2.5V/0.9434 mA = 2650
QQ.65kQ) - F* LEE2TKQ S FF BT e o
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V_offset_eff = 0.9434 mA * 100 Q = 0.09434 V + iz § »
A3 T LA OPL AR DT R K R bldes 3 2
By oo 80 B ar TR

FRHE 227 % - 5 VR (142 3] OP1 Fe A0 34)iE (757 F 34
gr_if_if °
B Ri(FHERTERT P22)= (Ver V-) /1L b1 = (2.500 V -
94.34 mV)/943.4 pA=2.55kQ -
& L V-=9434mV LA 0°C BFo 5T
V1(0)=0 V (4= % R(T) o A& f2 /T) o
A ek 2t 2 R(T)=100Q (0°C) > 163.6 Q (150 °C) -
I bl;=0.9434 mA -
V- (OPy F 4p¥) /R 1 EH &0 °C P 5 Vref chip -
I b1*R_adjust for zero

L R 2R 4

B F - BEHETREFIEL VI(0°0)=0V  Vi(150°C)

SRR FwpE RpOR Ry B WY HE - BTG
TILE RO HEEAFRAPRE > TRRFRIFE)

® 2.7 %4 Bk

FoomEE TR V(T £BL 0V (0°C) 3 006V
(150°C) o 2@ TR | > F &3 o

U

fi&fkf“%j{&&?@?}ﬂz Vo(T) & 0°C P35 0V % 150°C p=
s 3.0V (g & ADC & 3p71 %) °

| ﬁ;—]»gﬂﬂ:ovmo.06v

[ | ﬁi,?]ﬂzq‘{a[%]:OV~+3.0V

ek B
d %?ﬁg?]%{ﬁ et 0V 3 -0.06V)> gjgpg%?]:”{ﬁré,%
L (OVE +30V) AP TR - BFApITL B o

HEPE
Av=V;, out/Vy_ in
Av=(+3.0V-0V)/(-0.06 V-0V)=3.0/-0.06=-50

ek BT REE S 50 B o

TEK (F 42t E » OP Amp: OPy);

Av =-Rf/Rin

Hr12 Rf/Rin=50 -

EHE- B L& Rino tl4e Rin=10kQ (7 = -] 14 ﬁuiﬁ)§i4t$“
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T SR S S S VIR SIS IPN Fggﬁ»fr%ﬁ TomiEL) o
' Rf=150* Rin=150 * 10 kQ = 500 kQ -

Rin # :EH M T 10.0kQ (1%) -

Rf ¥ M35 H M BT 499kQ(1%) & 500kQ > E\‘—“Ff’ﬂ -
BEZTIE (4r470kQ) 8 8- B¥ A TIE (Ar50kQ %
BT E) RN EHE c JHR 28 ¢ VR ¥ 3t p

HE T 3

CB100D R
~ 6
+Veo S e

VRi AA AC VR

+Vee
162K [} 196K 10K
b [Toon 249K |

! " o—ks -

255K o1 5

WA + Vi(h p—0V:(T)
+

~Vee 1+

T
2.5000V "
- 95300 3.9k { R~ Rs /R
VR:[*$ 1000

T
o

=
>
o0
—=\
=3
=
\lnﬁ'
N

A
M-
R
b
b
\8
-
,‘m
=

® 2.8 jpt TRAKY
e {2 Vo(T) R 0V (0°C) 2 +3.0V(150°C) =

A eSS TG T (FFH L)
B Y - B YA T IFS = 100 pA o 4558 7 4k -
2 RS Vo(T)=3.0V (F 150°C) -
497 % T R total =V FS/I FS=3.0V/ 100 pA
=30,000 Q =30 kQ -
bok TAPM I Rm @ 4o (4o Rm=1kQ)» B3 & ¢ m
1% 1. Rs=R total - Rm=30kQ — 1 kQ =29 kQ -
FBRsTILRY - BELTIE (4r27kQ) ¢ W- BT 3
T (VRe o 4o 5kQ o %t B 2-9) %i& 738 % B R -

B. &z

gt - B3 ADC iy 41 ® (MCU) 4 Arduino,
ESP32, & & * ¢ R % IC (4 ICL7106/7107 5% %
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LCD/LED) °

MCU 7 ADC i€ ”aHL. » Rl R 033V e 0-5Ve i
O3OV§iaa]H"'1 E i:rw > ADC -

MCU :# 2~ ADC B {6 » 7 M 3 B 25 %3 B L8
R E > &5 & LCD & OLED A%+ -

LA

Temperature (°C) = (ADC _value / ADC_max_value) * (V_FS
/'V_ADC ref) * (150 °C/3.0V)

i

Temperature (°C) = (V2_measured / 3.0 V) * 150°C =
V2 measured * 50 °C/V

C. FIF%R* - Hedhdr b &kl
& FLF2¢ BRI VAT) 43 3 £ ECU & &
* ik B B~ (DAU) -
ECU/DAU § #-H 5 S0 48 5 Hic i Bichh o & 4o 1 pE R
TN </ S
1. FHETAD IS oG B ¥ @i
B kb TR A RS ©
L agig ek st (Telemetry) R PF @ T8 12 % h1 2
£ B P o
3. s id PSR o FUT AN
T K ZE- BLBEITAESDADC (540 12 =88 16
) rEE e ke
B % 0 7 i & CAN 444 - Ethernet & 31 i 2 %
# gt%%;;ﬁ#& o

N

ARAER (RFRHME T RHBE):

AR - BN TR T LRIT AH - FERP 4ol
BEIIMCU 78zt ad® » 2 {ET Fl g gR? -

i 7T RE I VRA (FH1 B 2-9) * A T gk 2] R Ap 4 o

ﬁ_ﬁ!} VR3
196K 10K R,
——
--400uv/°C o—m—* VR4= 5000
39K
&l 2-9 # 7T
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2-9 SR if %2 G

FLES LERE 4 a5
bk o Fott B 227 B 7

’@
1‘.N>\*u,
=5
Ly =D
;}:‘:
o
dF N

e Kk

W GIEFE R (FRYVEE)

B P2 5iE (MGUK ~ MGU-H)

B AT MEER R

B 7R

C ST

| &,?JﬁgglésQ;Ap\cgag» (,L 51 MRk Fﬁ)

iﬂ",%lfi’ﬁl‘ﬁiﬁ*ér

1. 3% (Grounding):

FrE AR A H RS o HLEF R

e el 2 B > W AH g :fq- (4o % & *
MCU) «

BARE 2 A o

* o

2. A jr (Shielding):

0 ROPI B3I @ B iR s (Twisted Pair Shielded
Cable) » A jic E‘iﬂ%ﬁ% G ¥ fixk B@'ﬂ;g)

® FRTIABRFRELEBAFEN  AEg bR

B oo

3. Jmi (Filtering):
® T RiRi:
B @ LCRA B n3lpk § -
“ B OP Amp 17 k3l % (Veet fr Vee-) $#3 £ 8
-BOIuFRELT? (342 4) fv— B 1-10 puF 4=
ELERF (MAE2 48) 3 KB 2-7 7 1 Cse
Cq-

® TR

% OPAmp enw A5 ¥ 4o [ 2% (CH 2w g7
rPMTW’”*ﬁﬁﬁﬁﬁ’W#wE R B AR
W o 404 B 2-7 ¢ OP1 w 4% i< <1 Cl (0.1 uF) »
OP, » & j: 257 C5 (0.1 uF) o i@ BV it~ > F &
WHF ZRPTATE PRERANE - L F pF &
Yl o G4 o #3 OPy 0 % RfE=500kQ » C£=100 pF > 7]
#£ 4% f ¢ = 1/Q2nRfCh) =~ 1/(6.28500 k100p) ~ 3.18
kHz -
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St
[Fd=

o

- e

o

) NPT
=
JRKN
)
gk
2 ﬁ *
= =
=R
o @ e
&
3
Eny]

OP Amp £ #:
€ £#3F CMRR % PSRR 7OP Amp -

g F 4 (KB 2-10C ~ Cy ﬁg?%’z)Z

€ U OPAmp P20 U FAF fF o f 4t b 304 Of ch OP
Amp (4 LM308A) F & *t A4 % 7 (L ¥ @427
FrRFIEP) P B iR 0 e fE R CL,
C2 (Bl 2-10) dpen i e T F » 7 2Lk & F -
KB 2-7 ¢ 9 ClL~C2 { §Amk* i - LM30SA
gt T FE ¥ tepinl fopin8 2 FF > #ict pF o

Ay

ﬁx

/- Ci=100pF

Df

C,=1000pF »~p»

for fc2

Bl 2-10 C; ~ Co 332 By

Fl #7&% &

® TP GRE REFERET L

® AREFELEEFHFW R P IRE ER DU B
1 e

TR kR BEG T 2L

FEAE B 4o o

%

@:‘-:}% » B B0 ﬂkfrﬁ;

¥ B 2-7 ¢ 9 CI1-C6 7 % 7% :

C3~Cs:0OP T i3 BT % o

Cs (X5 % OP, w AR T 1): OP2 enff & T % /3 Mt » '3
ES

C]\Cz‘Cs' ¥ g {ﬁ%} Jaik & OPAmp e74f 5 48 O /48 <

r}»’ﬁz,ngﬁ,gw%:ﬂi T3 N o de%k Co Cyp B B

OP Amp i » £ 20 & fiie /e b o Uik
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R

St
[Fd=

)rb —‘J- » 2\ ]PB;L,_ OP; fp OoP; ma_‘ Ja gl %rv}i "‘I_g_ 0.1 HFHIO

uF ehd %@, X ot OP ehw 48 F 2 Rf(S500kQ) + ¥ 83— ]
TR Cf(ta.wr» 33 pF-100 pF) A4 F % o R BIIR@E * B
JriE A

® 210 ARHZ

’H:Fr‘rlp’%’]‘v.{l Fg_&/ % L—gf']‘if‘f”@'@&;{”"%'@lé?ﬁt‘%

g BRIk ’:mﬁ: EACH L

TREA

B H2FAEZATAR (PR VDA ETRER)

| rsﬁliﬁzw * % (DMM)

B HRTrrEHE (P RME P REARTOREE) & #
TR E A

B 0°C %Yk (KKiREP)

B [00°C & 150°C %%k (k2 Rz H)

WRR R

R(0 °C) =100 Q

R(150°C)=163.6 Q

R(100 °C) =100 * (1 + 0.00424 * 100) = 142.4 Q (* »+¢ [
BLfo sk B 1T G s R RIERE)

AREL (2T KHBI2-7 ¢ T BT

VRi(100Q » &R E P B) 0 7 ay A% 30 g R B AR
BT A EIRT I o

VRz (100 Q> OP; e Apzh) @ * 3% F BLA K (B K Vi(0)&
V2(0)5 0V) -

VR3(10 kQ » OP, w A B f5) © * 3% K /i R A (A K
V(150 °C) 5 3.0 V) -

VR4 (500 Q» T4k 8 Th) 0 % 30 TaRB Y R K o

A B (B B Va(T) e 41 ):

1.

2.

AR T A 1530 A dh o B E R BB -

F B E (0°0):

& HHBTIEHAEL ROCC) =100 Q- kg p =
R(T)He» RBt o & F Mg RIE L 0°C dukokR &

i;»c’ °

* DMM & ] Va(T)édiy o1 -

B VR (REDET =B) #E@ VAT 3 s

0.000 V -

¢
*
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%R (150 °C):

& TR S R(IS0°C)=163.6 Q0 kR R
Eir T#o B F MR REE Y 150 °C o pimiE

ﬁ; ¢ o

* DMM £ i#] Vo(T) e

P OVRHEDET ) @ @ VoD a s

+3.000 V -

*
*

PSR L PALEE SRIIPE S U T
GER AR REEIEEiE

¢ RS (FIE 0 b4e 100 °C):

& MR TR S R(100°C) = 1424

& BE VoD g H L S (100/150) ¥ 3.0 =
+2.000 ° dRm A o FEHRER o

I RN ok Y 3 E T4

& LEREVIDSRADNE (T V2150°0) =43.0) 1
PRSP E

& E VR BT = ®) i 94 £k Fidy # 150°C
SRR R o

® 2-11 #HpaEik

FABET AT RBOACHFI BT INER -

R BB (TSR CB100/D/F # % »z Pt100/Pt1000):
€ F# % 5% 0 4r Heraeus, TE Connectivity, Omega °
® T EFFRERFEBR AR5 -
® % Fl> 7t 3 & TWLAERL S F I KPR R
B
=

EE %+ B (OP) > OPy):

& domit o EEM R MR MES TR RD
A5 -

€ =% © Analog Devices, Texas Instruments, Linear
Technology (& 4% Analog Devices JT L) °

& FEAEHTDE % (AEC-QL00) =~ & -

%+ % & IC (TL431C, LM385-2.5):
® EHEZHAE - MURmOTE o

% re (F %% Rin, > Rf > Ry %)
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B #3271 (VRi~ VR2~» VR3 ~ VRy):
¢ ERIEHBIEE (410 Bl 20 Bl T #H
BE
€ % : Bourns, Vishay Spectrol e
B TF 8k A7E)
® BT F (0.1pF): NPO(COG) # B iE & #4245 > *
Wik frd 48 0 XTR % 2
® w7 E/TfETE (1 uF-10 uF) @ < ESR > * 3t % ik
TRk e ;‘1%%&4 °
® A/ ET T E (pF &) NPO(COG) ME 7 % °
€ = : Murata, KEMET, AVX, Panasonic ©
B 7k IC(DC-DC ## %, LDO, TSC7660):
€ EEFF o~ Kl A EEA T
€ 5 : Texas Instruments, Analog Devices, Maxim
Integrated (& #% Analog Devices JTfi) o
B gEEoas:
® R FEF KRR B ENTEBGRE (I
Deutsch, Amphenol) °
® ApERes RFEEEHPFT AN - AEER -
B PCB#:
® FRAHF > &¥PCBRF{rilid > ¥ gicHirp s
5 R o
288 R R
B R AERT ST AHETFI R T ARL
- eho
B iR A2y (Datasheet) £z i H Sdicid KK & fo
u {@”Pm%ﬁ%ﬁ%iniﬂ°

St
[Fd=

® EBLEEWHBTIIE DL <1%(EE%R0.1%: 0.5%)-

® K & A# (TCR) » )4 <25 ppm/°C & <50
ppm/°C °

€ =% : Vishay, Panasonic, Yageo °
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3. F1 2 &% chfFsxy £ & A kKB Y (Special Considerations

for F1 Racing Applications and Future Outlook)

AR FL 2 R R kT L PR AR
:

1 ZH3ff Rl chi h A g

2. g~ JHERIE

4 RRIERELFE 2

5. #iHEIHE

6. Al grdEE it
AkE Y

® KRBV MU SRRE (BA RS BB LRE

=
Rt RAEY 0 A R R R A PR T

® R ATH SN IR RIEE LR (R
T RERR L B CE) TR A

® U FHAMARMAE ¢ RS R ERHEIOR R bt i
SRECEE s Bt B R

BRIRIZ o e H g2 anl it

AE R R AR S RN T
(A FL BLE s 25 £ &

LN R L - I SRR L €
A HR E -
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4. %3# (Conclusion)

AEALEREH (BRERY BREAT) B ol 2 HRP
- BHAH TSR Rl S & o KB E 0 K e E e B
FEL GE* TSREFTELRE) > ## THXT (3 RTH) > % TRR
PR AR B) AT TR SRR R TR RO Ak i R PR
FETRAR o

=

whd o A pE* 0 R(0)=100 Q, 0=0.00424/°C 1 TSR R R % » RIE #
Fl3k Z_5 0-150 °C - %“@»p/@m%ﬁﬁq’ ;"3‘},@/? TIEFLERLZOV
32-006V T RINEL o & = B K fpit s BB A 501 0 BP0V 3
3.0V TR néfim#m HCAR B WY AT R FLE
BT IRE MDA TIRET S F R A EEY adedlfer A &

lt:';o

BEAR AR A R AR R R E FLFEF " o023 fi 58 IRRIE G
A e o e H s A A ARIE B R i e A B AL B A 4R
HREPBRY TREFFEE 2 54 Jca%;:; g i Fl %ﬁ b ok
PR RO A - Heha fEv g PR EEEYESE R
R S M STE R e ﬁﬁ#&ﬁﬁi“&iﬁ'lﬁi?iﬁ VRS
Fl #5°5cndF 2 pl £ 8k o
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