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1.

MR MRI

MRI 

MR MR MR 

1  ASTM F2503 [1]  IEC 62570 [2] 

MR

MR

MR

MR

MR

MR
MR

1 MR MR  [1] [2]

2

 ISO/TS 10974:2018 [3] 

FDA

ECG

MRI RF
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 MR  MR 4  ASTM 

• RF ASTM F2182  [4]

• ASTM F2052  [5]
• ASTM F2213 [6] 
• MR ASTM F2119 [7]

UHF

RF

V/m E-field

 ASTM F04.15 – WK58852 

MR  MR 

RFID a) b) RF c) 

ISO/TS 10974

ASTM

RFID MR

4 ASTM

9 MR:comp RF

9 MR:comp

TP0638-102
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2. RFID 

 UHF RFID 

 UHF 

 1 

1 UHF LaundryChip

5 m

16

MR

RFID RFID MRI

MR

MRI 2 RFID

TP0638-102
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2 Datamars Textile ID UHF RFID RFID

RFID 1 = FT301 Novo RFID 2 = FT401 ST RFID 3 = FT401 RFID 4 = FT 401 

V3 M

RFID 1 2 RFID 2

3 RFID 3 4

RFID 4

TP0638-102

RFID 1 RFID 2

RFID 3 RFID 4
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3. RF 

 RF SAR

 RF MR 

 RF MR RF

MR 1.5 3 MRI

MR RF ASTM

MR

IEC 60601-1 [8] 11

43 °C

10

RFID

43 °C

25°C 37°C

2 18 

°C 6 °C 6 °C

3.1

RF RFID 3

RF RFID

RFID

2 1

RF
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 2:  SAR  SAR

 RF x = 0 

 SAR 

 RFID 

ASTM F2182 

3 64 MHz 128 MHz SAR

WBA SAR 2 W/kg SAR

3

TP0638-102
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 3 64 MHz  0.1 g  SAR a  y= 0  (b)  z=0 (c)  x=-

190 mm 128 MHz  0.1 g  SAR (a)  y=0 (b)  z=0 (c) 

 x=-190 mm

SAR

x = -190 mm 2 cm

ASTM RFID 1 2 3 4 2

y = 0 mm RFID

y = 45 mm y = -45 mm 2

6

1 2 3 4 5 6

RFID RFID 1 RFID 2 RFID 3 RFID 4 RFID 1

ASTM

3 ASTM

MR MR

RF 4 WBA SAR 2 W/kg RF

IEC

 No.
TP0638-102
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RFID 1

RFID 1 2 3 4

RFID 1

 15 

4 3 RFID ASTM RFID

1.5 64 MHz Intera MRI 1.5 MR

RF RF MITS Medical Implant Test System 3

128 MHz Magnetom Trio 128 MHz RF

3 1 4 MRI 5 6

MITS

3.2

RFID 4

1 2 3 4 5 6

RFID RFID 1 RFID 2 RFID 3 RFID 4 RFID 1

64 MHz 3.9 3.4 4.0 3.1 2.8 2.7

128 MHz 3.1 4.5 4.2 2.1 - -ΔTmax

[°C]

1.5 °C

4 64 MHz 128 MHz RF

64 MHz RFID 15 2 W/kg WBA SAR
4.0 °C
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128 MHz  15  4.5 °C ASTM 

 4 °C  3 

6 °C  RF 

RFID RF

[9]

ASTM 15

20 6 °C

1.5 °C 15 4.5 °C 3 °C

MRI

10 1 MRI

 MRI SAR

2 W/kg 5

SAR 20

3 RF

25 °C 18 °C

15

RFID

RF RF

RF RF

ASTM 5 6 4

ASTM

TP0638-102
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4.

MRI 

MRI 

 MR RFID 

 MRI

MRI

ASTM F2052 [5] F2213 [6]

RFID 1 2 4 2 RFID 4 RFID 1 2

RFID 3 RFID 2

3 Magnetom Verio MRI

5

5 RFID 2 RFID 4

9

RFID 4 3 Magnetom Verio Siemens ASTM

6

TP0638-102
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 6

MRI

0° 360° 10°

9

RFID 1 2 RFID 4 5

1 2 3

RFID RFID 1 RFID 2
RFID 4

Fm [mN] 0.19 0.07 28.6

[mN] 4.36 2.72 2.97

𝝉𝒎𝒂𝒙 [mNm] 0.0232* 0.0085* 0.34

𝝉𝒅𝒖𝒆𝒕𝒐𝒈𝒓𝒂𝒗𝒊𝒕𝒚 [mNm] 0.3045* 0.1902* 0.21

5 RFID 1 2 4 *

1 2

RFID 1  RFID 2 

 3 

TP0638-102
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*  [6]:

𝝉𝒎𝒂𝒙 =
Ms × Fm

4×∇B (1)

𝑀𝑠 =  [T] = 2.2 T 𝑀𝑠

𝐹𝑚 =  F2052  [N]

∇B =  [T/m]

𝜏𝑚𝑎𝑥 = RFID 1 𝑚𝑁𝑚 0.0232
𝜏𝑚𝑎𝑥 = RFID 2 0.0085𝑚𝑁𝑚

τduetogravity =m ×L ×g (2)

𝑚 =  [kg] = RFID 1  0.444 g RFID 2  0.277 g
𝐿 =  [m] = 70 mm

𝑔 = [m/s²] = 9.81 m/s²

𝜏𝑑𝑢𝑒𝑡𝑜𝑔𝑟𝑎𝑣𝑖𝑡𝑦  = 0.30𝑚𝑁𝑚 RFID 1

𝜏𝑑𝑢𝑒𝑡𝑜𝑔𝑟𝑎𝑣𝑖𝑡𝑦  = 0.19𝑚𝑁𝑚 RFID 2

RFID 4 RFID 1 2 RFID 

1 2

RFID 1 2

MRI RFID 1 2

RFID 4 MRI

RFID

RFID 4

RFID

TP0638-102
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5. MR 

MR

 [10]

MR

B0

[11]

RFID 1

 ASTM F2119-07 [7] 3

Achieva Philips RFID 1 RFID 2  RFID 4  2 

 GRE  MR  7 

7 ASTM F2119 RFID

B0 GRE MRI

mm

ASTM F2119-07

MR

TP0638-102
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B0

 RFID 

RFID 2  4 

 6  2 

1 2

RFID RFID 2 RFID 4

 [mm] 5.50 24.00

6 RFID 2 4 MR GRE

RFID

 1 mm 

 1 mm RFID 2 

 3.5 mm RFID 4  22 mm

MRI RFID 1 1900 ml
0.375 NiSO₄ 0.5 NaCl 1.5
Siemens Avanto

DICOM 3.9 mm 8

8 T1 Flash2D GRE MRI

3.9 mm T1 STIR RFID

RFID [9]

2 4 mm

TP0638-102
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TSE RFID

RFID 4 RFID 2  3  6 

 GRE  22 mm RFID 2 

RFID 2 

 RFID 4 

RFID 2

- ――

MR

5 mm

5 

mm

10mm MRI

MR

RFID

-

-

-

TP0638-102
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 5 mm 

-
 5 mm 

- 5mm

RFID 4

- – 

MR

RFID

22 mm

MRI

MR RFID

-

TP0638-102
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- — 

- ――

-

- — 22 mm

2

RFID

MR

MR

MR

MRI

RFID

MR

TP0638-102
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6.

64 MHz  RFID 15  (WBA) SAR 2 W/kg 
4.0 °C 128 MHz 15 4.5 °C

 RF  SAR  2 

W/kg  MRI  20 

MRI SAR

3

RFID RFID 1 2 MRI

MR RFID 2 3

RFID 3 MRI MR

RFID 4 MR

RFID 4

MR

1.5 3 MRI MR

GRE 5 mm RFID 4

22 mm MR

MR

GRE EPI

TSE

TP0638-102
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7.

 MR:comp 

8.

[1] ASTM F2503 - 13

[2] IEC 62570:2014-02  - Norme Internationale 1.0  2014-02

IEC
[3] ISO/TS 10974

2  2018-14

[4] ASTM F2182 - 11a MRI

[5] ASTM F2052 - 15

[6] ASTM F2213 - 17

[7] ASTM F2119 - 07 MR

[8] IEC 60601-1 1

3.1 2012 8
[9] Steffen T., Luechinger R., Wildermuth S., Kern C., Fretz C., Lange J., Hetzer F., 

, Patient Safety in 

Surgery , 2010, 4:2.

[10] Farahani K. Sinha U. Sinha S. Chiu L. Jufkin R.B.

Elsevier 1990
[11] Oppelt A., Delakis I., MRI , Z.Med Phys. 202, 

12(1):5-15.
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9. MR:comp 

TR0411-301 FT301 novo TR0411-302 FT301 

novo 

TR0411-303 FT301 novo  1.5  RF 

TR0411-304 FT301 novo  3  RF  TR0441-

306 FT301 novo  MR  TR0411-101 FT301 

novo 

TR0480-301 FT401ST  TR0480-302 

FT401ST

TR0480-303 FT401ST  1.5  RF  TR0480-304 

FT401ST  3  RF  TR0480-305 FT401ST  MR 

 TR0480-101 FT401ST 

TR0592-303 FT401  1.5  RF  TR0592-304 

FT401  3  RF 

TR0580-202 FT301  1.5  RF 

TR0809-301 FT 401 V3 M TR0809-302 FT 401 V3 

M 

TR0756-301 FT 401 V3 M  1.5  RF 

TR0756-302 FT 401 V3 M  3  RF  TR0776-

301 FT 401 V3 M  MR  TR0791-101 FT401 

V3 M 
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10.

ASTM
B0

∆T
GRE
IEC
ISO/TS for /

 MR

MRI
RF
RFID
SAR
SE
T
TE  [ms]
TR  [ms]
TR0xxx  xxx 
VDE

WBA SAR SAR
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