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Abstract: As drilling depths advance toward the 10, 000—meter level, the downhole high—temperature and
high—pressure conditions indirectly increase drill-string loads and operational demands, exposing the deficiencies
of traditional iron roughnecks in ultra—deep wells, such as low efficiency, poor automation, and insufficient adapt-
ability. Taking Well Chuanke—1 as the research object, and considering the complex geological conditions in the
Sichuan Basin and the demand for continuous and efficient ultra—deep well operations, a continuously-rotating
intelligent iron roughneck system was designed and developed. This system integrates a 360° continuously—rotating
clamp head, a multi-link flexible suspender, a intelligent coupling recognition system, and a one—button intelli-

gent control system, enabling rapid and precise clamping of drill pipes and fully automatic make—up and break—out



2026 F % 54 % F 104 TR, . T RENGE AT AR T E B B AR — 39 —

operations throughout the entire process. A clamping torque calculation model was established and a dynamic
operating—condition correction coefficient was introduced to ensure safe and reliable operations. Field test results
show that in complex environments such as drilling fluid, nighttime, and rain, the intelligent coupling recognition
system operates for a total of 30 hours, completing 304 recognitions (151 make—ups and 153 break—outs) , with an
overall accuracy of 98% and an average height—positioning deviation of only 4. 1 mm. Based on the recognition
results, the iron roughneck automatically adjusts the arm height with a response time of less than 0. 9 s. The single
make—up/break—out operation time is reduced to 35-39 s, representing an efficiency improvement of 30%-35%
compared with 50-60 s for traditional split—type iron roughnecks. The adaptive clamping system extends the ser-
vice life of the dies to over 1,000 times, with the bite depth strictly controlled within 0. 5 mm. The one—button con-
trol reduces manual operation intensity by 90%, and the multi-level interlock mechanism achieves zero safety inci-
dents. Compared with traditional equipment, this system significantly improves the one—time make—up success
rate, drill-pipe adaptability, and operational efficiency, providing important engineering support for the intelligent
upgrading of 10,000-meter drilling rigs.

Keywords: iron roughneck; continuously-rotating; intelligent control; ultra—deep well drilling; multi-link

suspension system; torque calculation model

360" L e HL | TR RS

0 3 = B L 2R 45 T — i 578 R4 o 2R 5 e S ) )
e, URGEM TG MW+ N TR e

BEABOFRIE I ORGSR ZE, MEOFR S st scoleh AR o B . Ew T CE

SRR B A S B R Y BB AR S
EHAZS EHIR SRR, M TE NS
GIF . BRI TR P EAMR T R
Yefb . BEABRES T RGAAAEIE B TEZE . LAnak
AR SR NP A5 R e TR AR B
{HAT AR AR BN LA . AP HIAR . g
PUN S EBR G T mBUAS KRR 7 phER
B, A% 48 o3 P e S0 R R B 295 4 A B R 2
ZRTOTN, MR 22V A RE AL B Ak L
R TTARBHLEL AR s IR ) 2
TR R AR, T i il e e S T 2 T
BEAE RO R T EIBIGR, WBRES T A ik
MR EAREMZ R T R EOR . df
JBC S A BB OO0 S e SN B, (RE e B Al LA
il O, R AR AR R oA R
R RV R R R AR R, R N TR S i A
B, PRARCREAR; BEE BRI N, BT
HORMESR T, 2R B A R 07 AT 8 B &
He, Wy SR BT AR T AL E B BELE
oy 5 BRA TR AR E L A 22, 5 oL v
WPk Mesh, ERIFESAE B SR S R,
WX RS THOVE LR . A 8hE L RE ) & 22 42 By
ll DT RESRE ) 5 K

e BRI, EHEWA T —FhdE T
PRI IR SLER B RER I T RS . ARG A&

S LEfE, ARERTE T D ERAE R
Ve 2tk . 2B RGP T2 B AE KRB Bl
PRV 264 T RIS A S 03, DA S IR 2 Bl O
ARE IR R

1 AR 3E

1.1 SR THH

K 14¢73.0 mm (27/,in)~¢254. 0 mm (10 in)
EREAE L A 22 e e Rl T 25 M s B8 I o Bk Al
TAEZWBENEr s BmE . TTSRERL .
Mg S RGN, EEBEARS N
KPR,

1—JEnE s 2—uldnil; 3—EimEUl; 4—
FIZREE S—MAaif Ba; 6—HERSE.
B1 #4147 EH

Fig. 1  Schematic structure of the iron roughneck
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Table 1  Technical parameters of the iron roughneck
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Fig. 2 Suspension system of the iron roughneck
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Fig. 4 Logic diagram of intelligent coupling recognition
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Table 3 Make—up operation test results
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