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Causes Analysis on HBHLD Deviation of Low Hardness P91 Steel Tubes

YANG Chao' , TANG Chun-po’ ,SUN Xiong'
(1. Jiangsu Frontier Electric Technology Co., Ltd., Nanjing 211102, China;
2. Guodian Taizhou Power Generation Co., Ltd., Taizhou 225327, China)

Abstract;: The P91 steel pipes and low alloy steel pipes with different hardness values were selected as the
research objects to analyze. On the premise of eliminating error caused by environmental factors (such as specimen
temperature, rigidity, weight and surface condition), through the hardness comparison test, it was found that the
HBHLD value of low hardness P91 steel pipes remained negative deviation compared to the real HBW value.
According to the results of the mechanical properties testing, the intrinsic reasons of HBHLD value deviation was
analyzed combining Leeb hardness testing principle and the reinforcement theory. The results show that the decrease
of hardness of P91 steel pipe accompanied by weakening of solid solution strengthening and dislocation strengthening
effects resulted in the decrease of the yield ratio, which was the main reason for the negative deviation of the
HBHLD, and the tiny change of elastic modulus had little effect on the deviation.

Keywords: P91 steel pipe; Leeb hardness; HBHLD; yield ratio; elastic modulus

S PR A I O (3] 380 X AR W 7 vk ) — b
(8 0 T EC B R AR R T LA S R LA A B % AR
5B KB THA ST E 6 KRB R
RBFE, AARERERNE. FRAESFEA.C
B2 T A R A B A T A

t T POl SRR T AA RIFRHT Rt MA
SUEE, BB Z R T I i 5 Ak 5 P4 69 58
PR AT R ERRUABEE. B

B8 B - 2015-01-31

EEMN & BAITI—) . B . MATEM. 1.
608

AERARHA L B PO1 S0 {4 55 BE RIS L L 5 o B4 )
B, R m AR R LT, RARNERNIMR
HEHLE T POl B89 R A BERE(E R, flim DL/
T 438—2009¢:k /1 e8] & IR B AR Wo B SR VB 3% C
Xt PO1 G914 B8 BE A9 MEFE (R b 180~250 HB, KT
0 J G A 38 (0 (0 9 X RO 3 A B
i, 4R 75 F LS BT A9 T B L B W FEA
ABERE(E. Blan, D RYER kA9 B FCHE L HLD %
71 L B A9 A6 CBERE(I L HBHLD K.

B W R A I R 2 5 W R L 4 R T LR



g P

W A E AR E POl A A KR R RALA £ 1% £ R B 24T

BE 59 iR KR R FEEA XY,
FEMBR X LW R K » o 5 H ik S BRI
P91 fE {49 HBHLD (i 5 ¥ 86 F & 545 FOBE B
HATRE HBW (. 88 R R R 4 i) B
HEXT HR IR B 2 BRI, 26 T B FCBE BE AR I Y
R, N—A2F AT T POl MIKHE B

A —AEREA, RHBIEA S,
1 REAEEER

1.1 R#
B3 H T AR R RE P91 B RIE
HEE P91, P22,12CrIMoV B RIRR TR ,

HBHLD FEREMANERHE, UETHEREE HHSEAEEERLEL
£ AENEXSN
Tab.1 Parameters of specimens
AR e HH HH%/mm ZEf7adfE]/ (X104 h)  BEEE/HBHLD

TR = kR 3 P8 W P9l $559X88 3.5 130~180
BAEXRRETE 90°Y % RW P9l $732X23 5.7 140~155
ERICIIM 1358 3% A P91 $333X 30 5.7 130~140
2 3o 51 b S DXT P91 $474/333X53/30 6.2 155~195
ARENARETHHBE RZA P9l $732X23 5.7 220~235
AR ABT N AR RZB P22 $610%25 3.4 110~120
e RzZC P22 $610X25 0 155~160
FRVE B ZZ 12CrIMoVG $273X40 6.1 150~155
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Tab.2 The results of hardness test
T L 3 g T BE
f£%  /HBHLD /HBW %  /HBHLD /HBW
132 144 156 168
135 145 159 171
136 146 DXT 164 175
137 148 175 182
143 153 193 198
W 151 162 141 163
154 164 RW 146 165
159 168 152 168
170 174 225 212
172 179 RZA 230 214
178 184 235 218
132 143 156 169
A
139 153 = 158 172
110 128 151 152
RZB 114 128 7z
119 131 155 154
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Fig.1 Schematic diagram of hardness test positions
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Tab.3 The results of mechanical property test

Wi BEfE/ WE/HBW BE Rpa R. HE#EWK/ E
{8 HBHLD (10/3000) {R2/% /MPa /MPa(Ru.01/RxYGPa

JwW 143 153 —6.99 285 546 0.52 212
w 154 164 —6.49 346 596 0.58 217
DXT 164 175 —6.70 357 618 0.58 210
RW 146 165 —13.0 270 589 0.46 199

RZA 235 218 7.23 548 747 0.73 219

RZB 119 131 —10.08 209 478 0.44 203
RZC 158 172 —8.86 250 605 0,42 200

Zz 155 154 0.65 351 515 0.68 204
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Fig.2 Leeb hardness test principle
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Fig.3 The conversion of energy in Leeb hardress test

PAPEAS T Th XURR B HTh (G ) o BARYE F7-1R 28 #
£ I MK M B 6 UK 2R (B 4), K/
SE T S IR AR PR

/

e

Wi )1

Y

5% 3
M4 MR
Fig.4 Elastic strain energy
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Tab.4 Effect of elastic modulus on hardness

transformation

HREESRE BEHRR
/HBHLD /GPa

A

/HLD "

B EaeWEHR 162 210
waae 110 65~85
450 Weas 126 85~130
WA RWBEE 133 94~130
H R WA & 145 110~135
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Fig.5 The relationgship between hardness and
stress-stain curve
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Fig.6 The relationgship between yield ratio and

the deviation of HBHLD
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