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Recent Manufacturing Techniques of Tube for Boiler—
Cr-Mo Electric-Resistance-Welded Tube & Rifled Seamless Tube

Toshihisa Tamura, Masanobu Minami, Kazuhiro Uszumi, Yutaka Hirano, Shuzo Watanabe, Yasuyuki Hayashi
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Synopsis:

Recent development in our technology of manufacturing boiler tubes is de-
scribed.  Electric-resistance-welded tubes of 1Cr-1/2Mo steel (STBA 22 in the
Japanese Industrial Standard) are produced with stability. The production of
the Cr-Mo ERW tube of high quality is based on the inert gas shielded weld-
ing, an automatic heat controlling system and medium-frequency welding.  An-
other technique developed is concerned with rifling seamless tubes, Establish-
ment of a cold drawing technique and product-quality controlling system permits
production of high quality tubes with excellent rib configuration. Such Cr-Mo
ERW and rifled seamless tubes were employed to construct No. 3 West Power
Station at Chiba Works of Kawasaki Steel Corporation, which has stationarily
supplied electricity since April 1984.
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Fig. 1 Waest power station No.3 unit of Chiba Works

Table 1 Specification of west power station No. 3 unit at
Chiba Works

Mitsubishi controlled circulation radiant

Type reheat pressurized boiler

Multi-fuel gas, firing with tangential low
Fuel NOyx-boiler
ue (Blast furnace gas, coke-oven gas,
basic oxygen converter gas & LPG)

Steamn pressure 176/33.8 kgf/cm?

Steam temperature 541/541°C

Evaporation 430 t,l'h
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Fig. 2 Automatic heat contro! system

Table 2 Specifications of equipments [or automatic heat con-

trol system
1500 10deg
Instruments and Specifications
controllers —
- C
DDC (Direct dig- MEDAC 16/11 (Micro computer) o 1 400k
ital controller) Main memory: 64 kW E
@
Peripheral: console typewriter b
. logging typewriter g
Velocity meter Pulse generator and counter *EO 1300F
Range: 0~328 ft/min i=
{0~ 100 m{min) !;‘
Accuracy: 0.492 {t/min (0.15 m/min) = . . ~
Thickness gage Mechanical flying micrometer L2cof  134%0.12 ~
) «E=100kV e
Range: 0.00~0.591 in _ acs
(0.00~15.00 mm) oE= 35kV
Accuracy: 0.0004 in (.01 mm) T \ , \ . | . | ,
Optical pyrometer Glass fiber type two color pyrometer 2 4 6 8
Range: 1832~3632 °F Distance between measured
{1 000~2 000°C) point and welding point (inch)
Accuracy: 50 °F (10°C . . .
Load cell at A peir ofurlo:zl c:lls ( ) Fig. 3 Example of the transition of welding temperature
squeeze roll Range: 0~55 115 lb/unit
(25 tfunit) , L e
Accuracy: 2001b (0.11) S el o 1 PR R A 5‘!’!_“@#*)!&@0
Gap gage Gap sensor of eddy current type 7o B 7 7o FABIIE, 0 T & S R D 2 It
Range: Om6mm S U ABBETET B2 Ew FAIE L, (1) Ra AL LT
Accuracy: 0.05 mm Wi,
E 3 - - £, —~ V.3 R
Image sensor MOS type .'Ji‘.[-,-:ES(A- 4 + B V_K_} ........................... (1)
Range: 0~5010un £ Ve
Accuracy: 0.05 mm dEy: 74— F 7y — 7 — FHIEA B
Reference of Analogue output of DDC £ mio AR
thyristor control 5 . e
un{t 5 Range: 0~10V £ BEREL
) Accuracy: U.19% F.5. Vi iR
£t ZEAEHTER R
Vi B g
T, v RHATTEEC IR A D S LT R0, RO A
B0 oo CHEARIRIECo TR CH A, B: E
31,2 CREAE G EH SR F 7z, W 4 o 2 TR b, SRR L E R I
ERERE O ALY, MO, EERIEOELTIH UL, kOB O BIIIA T S fhin, PRESRNE LOE A A
EUCHINCN S s s S, R, STBA 22 itis i, T EF 270 — K- ovy 2D ST -0 &,
FFHRAMBOWMEAE <, TOBREMIMCE Y, LD, M tE - PP 5
b M 7 T - dE,=C ()-8, R dB ey e 2
TELAT DTS LAoiF pE A SRR BRI IE 2 (R LT D, =6 )+ P H B (2)
KMEFOMES Fig. 2 45 Jof Table 2 (o734, HliwE, > dE¢,: 7 = 1. oy s HRASL AL

35— JUkE B SR Vol, 16 No. 3 1984



190 A 7 MmO RiTo MG m—CrMD@ﬁHEt%EWmEE747»%J_

4 whn ;
(T emperature) oy

Welding direction

—_—

SN u_| ] s '4_¢ - 1450°C

R T

‘ st b Lo
| \|!\ S O o L Ly s
N RN
A
i L 55¢

P
tLoad of squeeze roll} 7

|

|

|
— .,:m
1

f

£
{Plate voltage)

Al || LT b o
*\“r‘r.‘.r»’" s I o 69

--l;—— - | T 9.6 kY
|
H*

-
B = 9.0
“ T N R - 36 A
. LT S
(Plate étu'rent] “"‘““"!'T -1 S i ™) l h’} 1 ! w,hfv'l"“‘ YT
e O e e e K Bt e A e e S B A0 I e R H R
\J: all ‘ 1 L[] :‘JJJﬁ LJ“J-n
T Ll REEENE ] w_ | redkv
Eur N [0 LI 0 T A S L | ! [~ 6.2
(HF voltage) : T T —""’"A"C;ﬁ (e Lo g
L A T

AE
{Computer output}

- ‘l*.y— - F0.1V
: - 0

- —0.1

- 3.7 mm

f
(Wall thickness)

AT T [ 50

s

1 min

Coil joint portion
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Table 3 Munufacturing process and guality control

Process Equipment Main quality control item
Hot rolling Mandrel mill 1. Heating temperature

Eimher tube

Cold drawing

Sc_)_gt_ening

Nondestructive
examination

Rifling

E[eat treatment

E[ydrostatic test

Final inspection

Nondestructive
examination

E"Esting

{

Marking and coating

[Packing

2. Roll setting
3. Dimensicn

Visual inspection 1. Reference standard
Eddy current inspection 2. Surface condition
Magnetic particle inspection 3. Dimensicn

Drawn bench 1. Toel dimension

2. Drawing speed

Continuous heat 1. Heating temperature
treatment furnace 2. Heating time
3. Atmospheric gas composition

Visual inspection 1. Reference standard
Ultrasonic tester 2. Surface condition
3. Dimension

Drawn bench
Cone-tracer

. Toel dimension

. Drawing speed

. Visual check of drawn tube

. Configuration check by
cone-tracer

R

Continuous heat 1. Heating temperature

treatment furnace 2. Heating time

3. Atmospheric gas composition

Ilydrostatic testing 1. Test pressure

machine 2. Keeping time
Eddy current tester 1. Reference standard
Ultrasonic tester 2. Surface condition
Visual inspection 1. Dimensional checking
Fiber-scope (OD, WT, Length, ID)

2. Mater:al identification test

3. Configuration & inside
surface condition check by
fiber-scope

Testing machine
Microscope

. Chemical composition
. Tension test

. Hardness test

. Flattening test

. Flaring test

. Reverse flattening test
. Rib configuration

. Microstructure

00 ~1 h W o W D o—

—

. Marking items

ISR Vol. 16 No. 3 1984



H1 7 FHRE OILL O Wi —Cr-Mo BEMWE L LEMBEY S A 7L F 27 195

{mm) =492 - #n=>516
r= C ¥ =hHhj.
38.16~38.17 il ) 1T
§ 38.14~3815 =4 = -
T 38.12~38.13 ] £ 60~64
o 38.10~3811 - - I 3 55~581, [
£ 38.08~38.09 ] 50~ 54
S 38.06~38.07 = 45~49
[+
1 1 L L 1 1 i 1 1 1
0 50 106 150 200 0 50 100 150 200 250
(i) (n)
{mm) {mm) n=258
=984 o X =4.53
0 =502 ) g 4.70~4.79 6=0107
£ 510~5.14 5 =0.039 22 460~4.69 ]
$ 5.05~500 o £ 450~459 - ; }-
S 5.00~504 - - —3— BE 4.40~449
= 495499 2 430~439
= — aip —
B 490~4.94 ]'—' £ 420429
1 1 1 1 1 1 1 b L
0100 200 300 400 0 20 40 60 80 100
() (n)
{mm) ?1=258
. n=492 o £=89
-_‘::j (mm) =28 04 = ~ 9.20~-939 g=10.155
=0. 042 "E 9.00~9.19 i
T 2810~28.14 l =004z £ gpppoof T ———————3
£ 28.05~28.09 1 . T2 sp0-878
£ 28.00~28.04 I Z & 840~859
goeres-eel | o 820~839
i 1 L 1 L L 1 1 1
0 50 100 158 200 0 26 40 60 80 100
(n} (n}
(mm) = 49z (mm)}
o I=2618
T 26252609 [ ] o= 004z
T 26.20~26.24 ] — E 055097
£ 2615~26.19 | 2 0.92~094
= 26.10~26.14 [ - ,'E 0.89—~0.91
E 26.05~26.09 T 0.86~0.88
-
1 1 I L i 1 i 1 1
0 50 100 150 200 0 50 100 150 200 25

() (2}

Fig. 11 Histogram of rifled tube dimension

Photo 5 Views of specimens after flattening test (right) and flaring test (left)
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