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Abstract

When disassembled the CDZ dill pipe elevator for detection, it was found that most of the elevator
latch had cracks at the shoulder root of the upper stage. There were two specifications: CDZ 5” x
3150 KN and CDZ 5-1/2” x 3150 KN. Firstly, the cracked elevator latches were analyzed experi-
mentally. From the macro-morphological characteristics, chemical composition, mechanical proper-
ties and metallographic structure, it was found that the raw materials of the elevator latch met the
requirements of current standards, and the crack on the shoulder root at the upper stage of the
elevator latch was fatigue crack. Secondly, the structure of the elevator was studied, three-dimen-
sional model was established; finite element analysis was carried out; and the strength of the ele-
vator was analyzed according to API 8C, and theoretical calculation was carried out respectively
from the aspects of equivalent stress and ultimate strength. Comparing the finite element analysis
results with the theoretical calculation results, it was found that when the arc radius of the shoul-
der is small, the finite element analysis results satisfy the maximum allowable stress of API 8C ac-
cording to the ultimate strength analysis, but considering the factory load test and working condi-
tions, only when the arc radius is not less than R5, the finite element analysis results are less than
the maximum allowable stress calculated by APL. It is suggested to use arc radius above R5 and al-
so increase the latch thickness without affecting elevator door opening and closing, so as to im-
prove the fatigue resistance and service life of the latch and ensure the safety of the use of the ele-
vator in ultra-deep wells.
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1. TAHER

CDZ U FF :NHEE & BB AT i, AR AR e F2 v B B R HE Y & 8 B AT 5T R 1
HETH, MIFEHm-RES MW 1 R[] (2] [3]. Frassml B M 2e A m R T il K25
MRR LB BERAERL, TESEAEH. MRRIE R H RS-~ 2 RAL R, M
¥4 CDZ 5” x 3150KN A1 CDZ 5-1/2” x 3150KN Fifd, i+ EESHNE 1.

Table 1. Specification of drill pipe elevator with cracks on latch

=1 FTIHIRGHHET B RARES

%A S BTSSR R AME mm (in) - HEEGH RIS mm (in) - BUEEA KN (sh. t) LT
CDZ133/3150 130.18 (5-1/8) 133.35 (5-1/4) 3150 (350) 5"IEU

CDZ148/3150 144.46 (5-11/16) 147.64 (5-13/16) 3150 (350) 5-1/2”IEU

HOUH I I 2 1T RS N CDZ5-1/2” x 3150KN,  F3#1 S A DAL IR (1 R 34T . Bral T X &L+
REEZ RiEid 7000 KEGEEERH, P& RZSRE, B, ZRHAUFETOTRE S 450, DI E
R, o HAeE B AT E R

IR RSN 215.9 mm gk + BT + PRV + 158.5 mm AHEE x 1 #R + 214 mm FRIESE + 1585
mm £ifEx 1R + 214 mm $RIESE + 158.5 mm &8E > 3 4R + S5@E + 158.5 mm £58E x 19 MR + 158.5 mm
BEELNRE T AE +158.5 mm BGHE x 2 AR + 127 mm SHEEGFT < 15 4R + 127 mm £54F + 139.7 mm £54F; =FF4k
HH#5E2) 2850 KN;
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Figure 1. CDZ side-door-type 18° taper shoulder drill pipe elevator
E 1. CDZ F 18" RHK AT B~

PUTF4L BLAHAN: 1492 mm £ + PARIR + 120.6 mm £458E x 24 MR + 88.9 mm £4#F + 127 mm 44
- +139.7 mm #itt: PUIFEE A EEZ) 2250 KN;

Bhigpit TR R B R, MR NET B R MERE A TSR T ER, M RIER TR
ZHEERMNT), EEROEBHRAMEAT, BHRAERESMANRSIEST . BHERL4].

2. SCIE O HR
2.1. BRI

BEAT RIS, AR TUREAT R R AT, RBLR TR SR IRIAEAEREL i 2 FR, LR
fr BRI A BRI X, MBI R IOBSORE , 2 R fEeh, FFEBRMA—. %
Kb ST B B LR R SR AR R X, i T LTI AR B B B s, 25 5 7 A R AR 55
FEE A SR N IR R 7P A 3 55 R4 5] [6] -

v

| o

P
Figure 2. Details of crack at shoulder root of elevator latch

2. BRFRERBREPRYAETE

2.2. WERS DI

IUATHRAE APT Spec 8C (HHFFFIRKIMIE T BE&MIEY » GB/T19190-2013 Al RAR S kAL AR
F&) PLA SY/T 7332-2016 (EFFHFEAMEIM-R) Aot FARSAE M I EL S S TR AREER, % AL L
3B SRA MR R B K5 B 7 B0 0.025% [1]12] (3], R ERRHIH U /12 1k Bl AR e B SR BT

R TUSEBRE FHARL N i AR B & e A5 140 35CtMoA, 78 IR AL 1) R T _E BUREHEAT AL 22 4 40 T
RN 2. RIRLERERY, BGFHARLGM R, HASER FFEIREER,
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Table 2. Chemical composition analysis table for elevator latch with cracks on shoulders (mass fraction: %)

2. ARLUHMRINFRUERS THR(RESH: %)

TCE C Cr Mn Mo Si S p
GB3077 #3#  0.32~0.40 0.8~1.1 0.4~0.7 0.15~0.25 0.17~0.37 <0.025 <0.025

S 0.33 0.87 0.49 0.15 0.26 0.003 0.010
i -RAT kAR <0.025 <0.025

2.3. HEMEEDHT

X BLRSU I RIBUREEEAT oA E g T, SRR 3. IR g k], &R BRI R T,
T EE RS A A AR HE ER

Table 3. Analysis table of mechanical properties of elevator latch with cracks on shoulders

3. BRHIMRUOFINFEMRED TR

N ReUMPa  BUACERE RmMPa  AEME A WIEICKEE Z06 e
vI(-20°C) J
FrifEE R >785 >930 >12 >45 HB280-340 >42
S 890 1010 15.5 47 290,318,320 48,53,50

2.4. SHEEASH

X R G YR SUTT 1) OB AT R R AT S AH 20 [ 7] [8] [9] [10] [11], A8 AT R IR 4% B R
kG, A T IR H U R K R IR 2R, 20850, ik 3 Fos. AP R EL4 )y 1.1 mm,
REPIMTCBABERR % RSO IX RN TAF R M A AL, REGER AL KA H G TR MR AL,

LA‘/‘I - &27&-:" o T A e e B }l}"izﬁi‘ﬂ

Figure 3. Amplification factor: 500x
3. FRKRMEH: 500%

Figure 4. Amplification factor: 100%
4. FRKMEH: 100x
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S BRI, SR LRGN R R U2 . B PERE . AR ANGA A b oy DU 5 5 Bt s
M AT CAHERR B TR ) 2R REANTT S AR HE T S BRI DL T DS 8T i REEAT A BT T, s
£ ) 75 T ) A ER A
3. ARITOH
3.1. AT RERETEH

B, WK API Spec 8C (S AIRIMPE 4D FrifE, BHFT M -RIBETH L4 RN 3¢ 4 BaR[1] [6]
[12]

Table 4. Design safety factor
T4 B RERY

BATHUEN R, kN (ton) Wit 24 &4 SFD
<1350 kN (150 %G1) 3.00

3.00-[0.75 x(R-1334)/3114] a

1350 KN~4500 kN (150~500 4511
3.00-[0.75 x(R-150)/350] b

>4500 kN (500 %5 ) 225

a) BEA P RELL KN AL, b) ez R A UG B Ay

U] CDZ5-1/2” % 3150 KN {5 803 2 4 R BT S anF
SF, =3-[0.75x(350-150)/350 ] = 2.571

1) #&¥& API Spec 8C, B G IR NIRIEIIAT M /0 HT. X T CDZ 5-1/2” x 3150 KN £ifF ik, 1%
8 Von Mises-Hencky &1+ 5 (A TR 24 5 8 N ASERE A (D TR R RN 7 AST, WA ()R,
AS1=YS,, /SF, =785/2.571=305.3 MPa (1)

A, YSmin—FHE I 55/ i IR

SFy——W it %4 /L

2) WTEAT RS AL AR AL, BRI ZRERA J LA TR 51 S 1 v 5 ) 3 1 g 4 v i) X3,
DA 1o P L IR R DX 3, AT e B SR 8 B B ) o b7, BB BL R, S N AR I 2 2 (2) TH I B
KIS AS2:

AS2 =T8S, /SF, =930/2.571=361.7 MPa 2)

A TSin——HUE [0 850/ BR o i1 5 P 5
SFpy—— Bt 24 R4
3) RIREAREMSIEXI, EET VARG ) & B 88 b X380, W] #2 J PR 55 2 23 A,
1 ER T 38 X6 7 2 o 1) 3 R B AR R R IR B AT N RIUE BT Y 1.5 1%, T B K SRV ) -
AS3= AS2/1.5=361.7/1.5=241.1 MPa 3)

3.2. BIRTEAENT

R R =AY, T RAE T TARIRGS I Tk 535 T RN 7, 3% 00 R A
77, VAR EARFOEAT (B AF RN A [12] [13]. R MRy 30 RO BATAERICHr ), A
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BR TC 70 H A BEAN SR BC AR REAT 32 0 b, BEARRR RGN 5 P et R TR AN R 08 AR (15 A 8
R2. R3. R4 FIRS), HATHRICHHT, FFXIHI A .

Figure 5. Type CDZ elevator integral model
[ 5.CDZ5-1/2” x 3150 KN B RE{HFER

3.3. MRS

R IF I R =R (O A IRTTHE, R A W& I R UM FF 2 (8B AN AT Ak
e SCo TR B BT, i S AT, A I i A S et i R AR EEAT B 3l RS R
BRSO R, I BEAR AR T AN 2 SUERRG I LRk o £E N8R AR L 3 R PR . Y
A 6 Frs.

Figure 6. Elevator meshing model

B 6. BRIRBUMARRSE

3.4. [EIFEEL RN

R RIUMEHSPER R 206 GPa, THFALEY 0.3, HAZ )@ T 458k 34, sl 7 fios,
R P AT, AR R AR, 5 ARSI, BEAT REE L 187 R
SRMEZEMN TR R, EEAARBILT, BT IR3EL RO B 4 5 5 8 5] 1 A 78 i R 2 AR
T BURX PIASHERE T _E[13]00KF 3150 KN [R5 3270 S5 RO AN A2 A PR OGS oh Bl AT i 1o P09 7 7
I B AT 5 i LA HE T BT IR AR BE 0T B, IR DU B S TR . RITIR D B2 R
U5 AR AN T3 TR IE AL .
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Figure 7. Elevator main working face

7. B FEEIEE

3.5. RBRER D

XEANFE-R UG R B A AR R 20 AR S5, N R B far SR AR, A3 3R DU R 184k AR5 AR R
T R B R S 8N g AR 22 4 RBON HEAT 0T, JEAG TS 45 AL B API 8C BRFE /M A BB T 545 2R
HEATERER, ORI IE A2 5 L R BR

[ 459 R2, R3, R4 FI RS I, R ITHIM 284673 il an ] 8~11 B

Figure 8. The stress variation when the arc radius is R2

8. FTIARBENA R2 BRI HE

Figure 9. The stress variation when the arc radius is R3

E 9. FRARENA R3 MR HER
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Figure 10. The stress variation when the arc radius is R4
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Figure 11. The stress variation when the arc radius is RS

1. FRERBEA RS BFHIR DL

XHAMRTT TS APL BT 5EA5 R, 13k 5 o, WTAE R, BARHEM 27909 R2. R3. R4
ARSI, AR TR KIS /0N T4% M6 e A i P52 S b PR R 2 v S PR R DU K SR VF Iy, (ER 5 FE B ) 38T
AR B IR 0L, R SRR A B N RS I HIA BRIT 2 Hras R TS THE B BOR R . W
B VLEIREIA 70509 R2. R3. R4 A1 RS IR TUA FRIT/ T 45 R AL APT 8C $% MUK FR 555 73-#7 ) £t
RAVFRLF, ERHEBIBR S T, #IBCKAH RS LA R A, DR -R IR0 55 tERE RS F

Table 5. Comparison between finite element analysis results and theoretical calculation results

5. ARTOMERSEIRITELERIER

EHAREEIA  AIREAHAE Mpa RSN IR Mpa AR R ST SR
ASI AS2 AS3 AS3 ZTHIZRA
R2 302.21 305.3 361.7 241.1 >
R3 295.96 305.3 361.7 241.1 >
R4 250.29 305.3 361.7 241.1 >
RS 240.72 305.3 361.7 241.1 <

4. R R EWN
1) G BUREAHT, &8 HIRBLLI R TUL 22 B 5 % 12 MERE S 7 & API Spec 8C (iR IR T+
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WAARTEY , GB/T 19190-2013 A RAR S Tl &l H AR T %) LLI SY/T 7332—2016 (LAl
BITRD bRk PO AERE I ) 2 RE R

2) W ER I E ARG, RIUE R BBV BRI T RIS JE MR B S,
[ A ~A2>RS, /NS, (R G AL BEAAE A AR TP RS A, R TS A R TUAE R —
e A L CA>RS FSIGEE,  DLRTEA IS TUF A0 IR IR, $EmPuE oy Mae.

3) I R A, BVEERAE, R RTEAE ML A S BE R I I K B A (Sl R A R R A ),
F R ia i AR 28 A, AR R R

4) il 52 MBI BRI EAT B RS ERE, IR, BRI R %A

E&WE

HEA R AR B IE “RRRIE R OCREE A HOR T (JP17055), HEM EE L EIE 8
IR BT 25 Mk &0 (2016112B).
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