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Evaluation of Mechanical Strength of the Joints in JT~60

Toroidal Field Coil Conductors

Satoshi NISHIO, Mineru CHKUBO and Hiroshi SASAJIMA*
Division of Large Tckamak Development

Tokai Research Establishment, JAERT
(Received March 17, 1980)

Toroidal field (TF) coils of JT-60 produce a teroidal field of
45 kG at a plasma axis, they have an inmer bore of 3.90 m and a weight
of about 80 metriec tons per coil. Eighteen TF coils are located arcund
a torus axis at regular intervals.

TF coil conductors are mostly jointed by high frequency induction
brazing, the rest jointed by welding. Tn deciding the details of the
jointing procedures, the conductor size and the requested mechanical
strength are mainly taken into consideration.

Described are non-destructive inspection methods for the brazed
joints, strength evaluation, and the inspection criteria. Ultrasonic
testing method is found to be the most effective in evaluation of
mechanical properties of the brazed joints especially in terms of
fatigue strength.

In section 1, specifcations of the TF coils are given. In section
9 the ultrasonic inspection method and the detectability of this

apparatus are described in detail, the defects of known size are

3

compared with the indicatioﬁ values and display figures. The
apparatus3)developed for JT-60 is operated automatically also recording
the inspectionresults. In section 3, mechanical strength of the brazed
joints with initial defects is discussed on the basis of Fracture
Mechanics theory and results of the fatigue crack growth test. The
inspection ctriteria in accordance with the descriptions of sectien

2 and 3 are given in section 4.

Keywords: JT-60 Tokamak,Toroidal Field Coil,Conductor Joint ,Brazing,
Ultrasonic Inspection,Stress Intensity Factor,Fatigue Crack

Growth Rate,
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Table 3 Dependance of Tensile Strength on Defect ratio

Position Defect ratio (%) | Tensile strength
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Table 1 TF Coil Specifiecation

Number of coil {8

Coil current . 52.1 KA
Total tum. 1296 turn
Coil major radius. 332 m
Coil inside radius. 1.94 m
Coil outside radius. 286 m
Field at plasma center. 45 KG
Maximum field in coil. 98 KG
Maximum power 342.3 MW
t/2 LI? 285GJ
Equivaient square wave pulse 38 sec
length .

Total energy consumption per 9.87 GJ
pulse . |

Coil inductance L 2.1 H
Coil resistance R 97 mi
Coil time constant L/R 21.7 sec
Maximum current density. 26.8 A/mm°
Forcing voltage. 6.57 KV
Flat top voltage. 505 KV
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Fig. 4 Inspection Condition at Brazed Joint
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Fig. 11 Crack Medel for Calculating Stress Intensity Factor
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Fig. 12 Model of Deviated Defect from Centre
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Photo. 1 Displayed Sample of Inspected

X100 x 100

a(A—-A) b (B—RB)

Photo. 2 Milcroscopic Photograph of Brazed Joint
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C scope figure A scope scamning graph

Photo. 3 Comparison between C Scope Figure and A Scope Scanning Graph
{at 60dB and 54dB)
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Photo. 4 Ultrasonic Inspected Results of Tensile Test Sample
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i Photo. 5 TFracture by Fatigue Crack Growth
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