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Quantification of Thermal Shock in a Piezoelectric Pressure Transducer
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Abstract : One of the major problems limiting the accuracy of piezoelectric transducers for cylinder pressure
measurements in an internal combustion (IC) engine is the thermal shock. Thermal shock is generated from the
temperature variation during the cycle. This temperature variation results in contraction and expansion of the
diaphragm and consequently changes the force acting on the quartz in the presshre transducer. An empirical equation
for compensation of the thermal shock error was derived from consideration of the diaphragm thermal deformation and
actual pressure data. The result indicate that the thermal shock equation provides reliable correction based on known

surface temperature swing.

Key words : Piezoelectric pressure transducer(td2] +2]AlA), IC engme(LHoﬂﬂJ—H Thermal shock(E%3),

Diaphragm(2 & 31), Error compensation( 2.2} 2.3)

3_?%15'_ e F9 L EAA SAHE 4E

=¥ A5E Friskes 7
dg] 2olE olx}=9 shto|tt. o= g
¢+ 2 Al 4 (Piezoelectric pressure transducer) & ©]-8-3}
of A9y S SAsw glow, A4 €4 =4
(Steady thermal condition)oll A&} AWUE+= 227}
1% oW & uf|-$ A sl 319 b= A7) 2
& 2191 & (Intermittent flame)ol] &]3)4 A7)
= Z‘_Zﬂoﬂ %5]7“ HH AlM e A s "”6*3]

i-_l

"To whom correspondence should be addressed.
csbae@kaist.ac.kr

96

7t = Aol ugg 715 3H(Diaphragm)S 23
HEATIHEA A7)7] dEzelt. 4542 A
S0kPa-g olAl = oHe B EahE whEolulE )
71 A A AsHA YA, AR = £ 7
A= dFE A =AFEB T U= (Indicated
Mean Effective Pressure)3%o] 10% o]4te] QA& B
o] 7| & e

S A o3 2AHE Fol7] A% d
ol gle A oA, thiEe] A7
A o] A AR e Al o] A
ol B& w7 drh 1 e Ao
DP7](Heat shields) 721" tAAS Moz

Bl RTV A2 & AHE,Y eFel A4 & Recess H2
D a4 4 A4 4S50 S o)
Ak Ao 2 AFH dF-E-E AP s

0

W =
o _1}.4,
ol

OE
u IIEF

d
1w oo =

K

oo |o
4 bl 2k R ®

T



AT ATMMOIN LYl BSH S Has

>
=
op
olv
Y
s

ol 3edel 23
ATk Aol A
of oJsijA L= =
Aol A 71 2

SR Eo] gl o]
3 HHE ol EF3AE A A% XA
H 2tk 196713 Brown2 & A4
Z Apolell = w5 HA g #H
A ALHE S8k HE UL

o7 AA S ol 8t 454

o

b
Jﬁgj}lg O}l

g

o
N
r
ol
i)
ot
ol rlo M
ofj

o

ok % K
o
32
)
=

ol
o
o o i B
il
fo
=

)
)
>

fr rlo it
L
1)

tlo &
of

>,
ol

o
30,
)
>
>

o &

Sy
o
> I
=~
o ot

RO o L2

2# .

H A
A
i)
2
>
>
ot
ke
o

£ g

$odo ot x ol
g

2|
EEd
> SN
Nloiﬂ»o
42
o‘.JErlr
NI
‘—IN'>‘
SR
I
oo N
R P
S o

2
)
=2
2
£
L)
2
g
LY
2
4
—T
Ol
[
oy 22

k2> o ro
2 Mo
o 2o
O oX m
-Or""

i)

Lol of
'L\;mé
220

B2 (un-cooled) 2] <Al
A (water-cooled) 42 AlA 2] 9t
a8l RAA S TR R, T

SAZA(ANS A, F-of, HEpA
of W& dF4 g3 & A gk

é
X
T
X
AURNe

O ho B
o
2 = N o xR B2

3 Mo

N
re
=

B Q7oA E GHAA FH] P Fhol
228 2 o 0A A% AR 2 BE
292 4TR) 98 7Ed AW 47} AL 3

21 or& Al A (Kistler 6067B) & & 22 o
Homg 7|FE AME AR 4 gla, F v AlA
= g7 k] o) oF = Al A (Kistler 6125A) 2 2177}
H- ZFpo] golaln] A
o 4= FHo) e 2185
ol = # o+t mdolt}. F 7}

] -& Table 3¢ LFEFLEACE 6
715 g <zle] 29 A-YE 7HEEte] F 7HA

F Al Vertical flushing 2] 2

=41
2 A gon, Hed Aol Tzt g

==
2 lo |

el g ARtk 4 AN DER

therm J-type eroding junction)

EA87] gJele] TH2E FH o] /b5

=2
=S|
4= & 7} micro-second T¢le] 4E M ti(Med-

A3

.
oA e A ofzf <zl 3431200, 1500,
1800rpm) 9} H-3HE o] A 7312 10, 20, 30, 40%)

Z7el A 2L HeolH

g RA4g Foh=d A8 3
gom, 7Hed ARGIME ol &3
A

ZAqA E
A

Table 1 Specifications of the diesel engine

" Specification Resources
Type Diesel
Cylinder 6
Bore (mm) 130
Stroke (mm) 160
Connecting Rod Length (mm) 269.3
Displacement (cc) 12000
Compression Ratio 15

Table 2 Specifications of the gasoline engine

Specification Resources
Type Gasoline
Cylinder 4

Bore (mm) 87.5
Stroke (mm) 101
Connecting Rod Length (mm) 151
Displacement (cc) 2400
Compression Ratio 9.4

Table 3 Technical data of the transducer

Technical data Water-cooled | Un-cooled

Range (bar) 0~250 0~250

Sensitivity (pC/bar) -25 -15

Natural frequency (Hz) 90 75

Temperature range (oC) -50~350 | -50~350

Linearity (%FSO) <(.5 <0.5

Thermo shock (Bar) <-0.2 <-0.5

Model Kistler 6067B | Kistler 6125A
3. AgZn
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un-cooled transducer outputs in a diesel engine (400
cycle ensemble averaged data)
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Table 4 Constants A and B from the experimental results

Set A B R-square
1(1200-10) 65.4 0.5 91.7%
2(1200-20) 50.6 101 96.4%
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9(1800-10) 66.7 -30.2 98.1%
10(1800-20) 73.0 -20.9 97.0%
11(1800-30) 63.2 -22.5 94.2%
12(1800-40) 65.2 69.2 96.5%
Mean value 62.7 3.5 -
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14 Gasoline engine(2000rpm, BMEP 6bar)
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