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Market and Technical Trend of Sensors for Automobiles and Special
Steels for Sensors
Akihiko Saito

Synopsis

Recently, environmental issues (global warming and air pollution,etc.) and energy issues (instability in supplying fossil
fuel and its depletion) are actualized. International regulations of motor vehicles have been strengthened. For example, the
regulations of carbon dioxide emission and fuel consumption for automobiles are given. To observe these regulations, HEV, EV,
FC and various energy-saving-vehicle were marketed. On the other hand, automatic driving car will be put to practical use to
ensure safety. To make them practical, the number of sensors used in cars has been increasing. Mounting lean-burn engine makes
exhaust temperature rise and also requires engine control accuracy. Thus, special steels which have heat resistance, corrosion
resistance and soft magnetic properties are necessary.

In this report, we list special steels for oxygen sensor, exhaust gas temperature sensor, EPS(Electric Power Steering) torque
sensor and current sensor. Data about electromagnetic wave suppression sheet for electric wave radar (24GHz, 77GHz) is
included.

We want to contribute to prevention from global warming, energy saving and security of car by providing our special steels
and sheets to car sensors.
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Fig. 1. Trend of on-vehicle sensor? .
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Table 1. Regulation of carbon dioxide emission and fuel consumption for automobiles.

EU 140 g/km 130 g/km
16.9 km/L 18.2 km/L
187~166 g/km 156 g/km
USA
11.7 km/L 15.1 km/L
140 g/km
Japan
16.8 km/L
165 g/km
China <
14.3 km/L

:Regulation value
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Table 2. Chenical composition of heat resistant alloys (wt%).

Material Ni Cr Mo Ti Fe Other Note
SUS310S 19~22 24~26 - - Bal. - Non magnetic SUS
SUH660 (A286) 24~27 13.56~16.0 | 1.0~1.5 1.9~23 Bal. V add.

DHNZ661 Precipitation

: . 23~27 15~17 1.0 3.3~4.0 Bal. Nb add. Hardening SUS

(Daido Original)
INCOLOY-800 30~35 19~23 - - =39.5 -
INCONEL-601 58~63 21~25 - - 14 Al add.
INCONEL-625 =58 20~23 8~10 - =50 Nb+Ta add.
INCONEL-718 50~55 17~21 2.8~3.3 | 0.65~1.15 19 Al, Nb+Ta add. Super Alloy
INCONEL-X750 =70 14~17 - 2.25~2.75 7 Al, Nb+Ta add.
DSALLOY WA 53~58 18~21 3.5~5.0 |275~3.25 =2 13Co, 1.4Al
(waspaloy)
INCOLOY and INCONEL are registered trademarks of Special Metals Corporation.

Table. 3. Chemical composition of high strength alloys (wt%).

Material C Si Mn Ni Cr Mo Fe Other Application
DSN6 -~ =012 | =050 | =200 | 120 18.0 - Bal. | Nadg. | GasketHioh
(Daido original) strength spring
DS’.\IQ - =0.03 =0.50 6.00 10.0 23.5 2.00 Bal. N add. Gasket
(Daido original)

DSP5 0.07~0.11| =0.50 |0.5~1.25| 4.0~5.0 |16.0~17.0|2.5~3.25 Bal. N add. Bellows
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Fig. 2. Tension strength vs temperature.
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Fig. 4. Structure of A/F sensor, oxygen sensor and A

sensor.
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Fig. 3. Oxidation test in atmosphere at 1150 °C Y
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Fig. 5. Structure of exhaust gas temperature sensor.
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Table 4. Chemical compositions of soft magnetic materials (wt%).

Material C Si Mn P S Mo | Cu Ni Cr Pb Fe | Other Note
ME2 =0.02 | =0.05 | =0.5 | =0.02 | =0.03 Bal.
ME1F =0.02 | =03 | =0.3 | =0.02 | =0.02 0.05~0.25 | Bal. Free cutting
MESH1 =0.02| 1.0 | =0.35| =0.02 | =0.02 Bal.
MES3 =0.02| 3.0 | =0.35| =0.02| =0.02 Bal.
MES3F =0.02| 3.0 | =0.35|=0.02| =0.02 0.05~0.25 | Bal. Free cutting
MER1F =0.03| =09 | =04 | =0.03 | =0.03 13.5 | 0.05~0.2 | Bal. | Al add. | Free cutting
MER2F =0.03| =09 | =04 | =0.03 | =0.03 17.5 0.2 Bal. | Al add. | Free cutting
MENPB =0.01 0.5 | =0.02 | =0.02 46.0 Bal.
MENPC1 | =0.01 05 | =0.02 | =0.02| 55 81.0 Bal.
MENPC2 | =0.01 05 | =0.02| =0.02| 45 | 35 | 78.0 Bal.

Table 5. Electromganetic character of soft magnetic materials.
. um B [Tl Hc [A/m] pluQ-m]
Material Note
Mamaximum relative permeability | Magnetic flux density Coercive force Volume resistivity

ME2 =5000 =1.55 =80 0.10~0.15 Relay
ME1F =5000 =1.55 =80 0.10~0.15 Relay
MESH1 =6000 =1.52 =63 0.23~0.28 Relay
MES3 =12000 =147 =48 0.45~0.50 Core
MES3F =12000 =1.47 =48 0.45~0.50 Core
MER1F =4000 =1.28 =143 0.63~1.00 Fuel injector
MER2F =4000 =1.15 =119 0.67~0.77 magnetic valve
MENPB =30000 =1.40 =14 0.45~0.57 EPS torque sensor
MENPCA =100000 =0.70 =2 0.55~0.65 EPS torque sensor
MENPC2 =100000 =0.65 =2 0.55~0.68 EPS torque sensor
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Fig. 6. Structure of EPS torque sensor (Hall IC).
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Fig. 7. Structure of Current sensor. filler sheet.
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Fig. 8. Detection range of collision preventing radar.
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Sensing element
Silicon piezorresistive element

- Langasite piezorresistive element
Strain gauge

Sensing element

Y

Metal diaphragm

(SUS630 or Sealing alloy)

Pressure
Y

Housing (SUS430, MER1F)
Fig. 11. Structure of pressure sensor.

Table 6. Chemical composition and thermal expansion coefficient of sealing alloys (wt%).

Material C Si Mn Ni Cr Co Fe Other | Note Coefficient OE 1tg%/r}r?]al expansion
DF16CN | <0.04 | <0.20 | =050 | 29 17 | Bal Kovar | 28732 ?8:328%%
DF42NR | =0.07 | =0.30 | =0.25 | 42 6 Bal. S ggg:igg 8
DF52N | <0.05 | <0.30 | <0.60 | 50.5 Bal. ooz ((%%:Aé%% %))
DF42N | 0.05 | <0.30 | =0.80 | 41 Bal. a0 Egg:igg:gg
DF18R | =0.06 | <055 | 05 18 Bal. | Tiadd. 11.5~12.5 (30~600 C)
DF27R | 0.06 | <055 | 0.5 27 Bal. 10.5~11.5 (30~400 °C)
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