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Synopsis :

The 13Cr-3.5Ni1 martensite stainless steel is used for the hydraulic turbine runner,
because it is suitable for high strength, high corrosion resistant and high abrasion
resistant materials. These material properties is affected sensitively by heat treatment
of normarizing and tempering. In manufacturing the hydraulic turbine runner,
Kawasaki Steel established quality control in the manufacturing process, using the
following technical improvements; (1) design of casting plans with solidification
simulation using CAD, (2) control of the volume gases that are generated from the core,
(3) control of core drying, (4) control of the pouring process by sealing with the argon gas,
(5) control of the knockout temperature, (6) control of heat treatment, (7) control of repair
welding. It has now become possible to manufacture satisfactory products of three types

of runners such as Francis Kaplan, and Pelton runners.
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13Cr-3.5Ni Martensitic Stainless Steel Castings

for Hydraulic Turbine Runner
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Synopsis:

The 13Cr-3.5N1 martensite stainless steel is used for the hydraulic turbine
runner, because it is suitable for high strength, high corrosion resistant and high
abrasion resistant materials. These material properties is affected sensitively by
heat treatment of normarizing and tempering. In manufacturing the hydraulic
turbine runner, Kawasaki Steel established quality control in the manufacturing
process, using the following tectinical improvements: (1) design of casting
plans with solidification simulation using CAD, (2) control of the volume gases
that are generated from the core, (3) control of core drying, (4) control of the
pouring process by sealing with the argon gas, (5} control of the knockout
temperature, (6) control of heat treatment, (7) control of repair welding.

It has now become possible to manufacture satisfactory products of three

types of runners such as Francis Kaplan, and Pelton runners.
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Table 1 Chemical composition of 13Cr-3.5Ni cast steel used
(%)
Cr | Mo

c | s Mn1 P s Ni
ASTM |

3,5~ [11.5~ [0.40~
CA- |=0.06/<1.00<1.00=0.040:£0.030 ;
GNM* 45 1407 1.0

1
13Cr— [0.04~10.35~0.65~ 3.60~|11.70~0. 20~
3.5Ni | 0.06/ 0.4 0.7550-020§0-010‘ 3.90, 12.70| 0.30

* ASTM A743/743M, CA-6NM

1600

1400 = —

/ A TN~L_ pliquid
r,-’N‘ =1 TN~ ~

1200 =

1000 |V e ,’r’
by o7 ytcarbides

”
800 = 3

s rd

o)

Temp. Q)

C{%a)

Fig. 4 Variation of the amount of austenite in accordance with
chromium contents
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Fig. 5 Effect of carbon centent and chromium equivalent on
the amount of ferrite
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Fig. 6 Variation of the amount of ferrite with quenching
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Fig. 7 Effect of carbon content on equilibrium relationships of
1394 Cr stainless steel
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Photo 1 Microstructure of 13Cr-3.5N1 cast steel at as-cast
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Table 2 Mechanical properties of 13Cr-3.5INi cast steel
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Fig. 22 Cooling curve in mold after pouring for Francis run-
ner at air cooling

LR A Y EARA Y » TTAFREEE LTV, Fig. 21
REMHO 0. BEOTLARL, A0 O BRI 2% DT
Koins T3 kbbb,

52.4 BiFsL

13C-3.5N1 filiz=ATvH A v R ATV VAITSE D, M, &
260°C~270°C, M, f1 80°C~90°C D=1, EE s LB
BECHE, Do AFEMERRC, 80°C @ LA T
BIoLlyfToTwd3, HERETAEREERS RS,

JlERigkI%ER Vol 17 No. 3 1985

300 \
\
\\ Air cooling
Y A VR N
5 20 ‘”/
e -] | T~
& Forced draught y "‘-\._“_.
S 100 I ; e
/‘;:and strip temp. BOIC
Xt ! |
0T 0 25 3 35 40 45

Time (day)

Fig. 283 Cooling curves in mold after pouring for Francis run-
ner at forced draught

Fig. 22 mpREEOFEORME#TH Y, By Fig. B o X

HIEHAATRYRA L RS HEOER K- T %,

5.2.5 #EH NI

13Cr-3.5Ni $iir BB R ERTFE R E-Hch o, #
MBI FEEEFIERETH Y, BEMRHEE X s B0EeT- T
WA,

PIEEER & LT3 v VIO 2 8, WER L LTSI v v A
R 2 SRk XA » 7Y v IR EF oKGREK L b
ERE £20°C ACERLCwb, BelR LEETEETHS
DT, BRBAROERLIFE2HERALC £15°C L B g8 47
2 TWh,

5.2.6 EiEmE
BENO£ETE, EEhoRs, BERERE, HERE BE
TR, WEE, BESSYHELLT = -HRIZ X BHEEE

EERYBECTL 2 L L v BERROBREY T - T,

Bhi, HEEELRE, BESBPOKERBOLBEER, H%
FERL, FKRECEETENREhoBREN2EE Tz &
o, BERGEEAIBRCHLBINGIIFEL TS,

5.3 BLERHE

YHOKEF v FOMERBTIBRE TS, Photo 4~6 2, #
WEAYE TR L 13Ce-35Ni o7 3 v rkES v, #
T VRKEF vF RIS LV RES Y FTH D,

=52, Fig 24 kBEREGRBT L2 RARCEZHET
#b, “hbofiis Table 2 oEHELY T GEEL TVBHC L 2R
LT3,

Ft:, Table 3 iz, &2 4 FICBT oS OMETEER L~
k-

Table 3 Maximum weight and size

Products Maximt.zl:; weight Maxi(rﬁ'llﬁ;n) size
Francis runner ! 25 35004
Kaplan runner hlade l 25 4000 x 4 000
Pelton runner ‘ 25 35004
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