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Welding performance and application practice of duplex
stainless steel material in FPSO construction process

Jianrong Zhang
COSCO SHIPPING Heavy Industry (Dalian) Co., Ltd., Dalian, Liaoning, 116113, China

Abstract

With the development and utilization of offshore oil and gas resources, the construction quality and service life of FPSO are directly
related to the economy and safety of oil and gas exploitation. Due to its high acidity and high corrosive working environment, duplex
stainless steel materials with good corrosion resistance, high strength and weldability are widely used in the construction of FPSO.
However, the welding process of duplex stainless steel is complex, and its welding performance and engineering application face
many challenges. Therefore, it is of great significance to carry out research on the welding characteristics and application practice of
duplex stainless steel for FPSO construction to improve the construction quality and operation efficiency of FPSO, reduce safety risks
and reduce maintenance costs.

Keywords
FPSO construction; Duplex stainless steel material; welding property; application practice
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Process and properties of silicon-aluminum alloy prepared
by alkali digestion pretreatment of oil shale waste residue

LiLi Liguo Miao Zhancai Zhao
Engineering Technology Research Center of Fushun Mining Group Co., Ltd., Fushun, Liaoning, 113000, China

Abstract

This study focuses on the process of preparing silicon-aluminum alloy from oil shale residue using alkaline leaching pretreatment,
along with its performance characteristics. It first expounds the principle of alkaline pretreatment and analyzes key parameters (like
alkali concentration, reaction temperature, and time) affecting silicon and aluminum dissolution rates. The microstructure, mechanical
properties, and corrosion resistance of the prepared alloy are then examined. The research shows that optimized alkaline pretreatment
parameters enable efficient extraction and conversion of silicon and aluminum from the residue. The resulting silicon-aluminum
alloy exhibits favorable overall performance, offering a feasible pathway for high-value utilization of oil shale residue and promoting
sustainable development in related industries.

Keywords

oil shale residue; alkaline leaching pretreatment; silicon-aluminum alloy; process parameters; performance

M s R ERETMAAIENFEREEN I Z 5144
ZHE mAE S
P VA BRI AT TAERARRFTAR L, HE - 107 $E 113000

=

AR E T BT mE TR FEH ARG R B RS R EABSEN T ERAAERAR ., AARE T RERLL L MR &N
JRIL, Fmo T TEAR P HE R R, RBE . R at ) X Aot aian kR, BANIRITT P d &akds
AL . AR VA R AR AR S TR R, AEERBAETIAR T LA, B T H R RS Pl G
ARG 5540, PTGty i be b A& RAFM G AbEat, A T B RS0 SEA R T TIF%42, ABIEHME L
0T R R

ES7 3t

B BIETAIE,; Assbd; TS Bt

1518 2 i TUE E B R A AL 1R R
FERL O B IR LRI RORE A, JUBREIERE 21 THTUA R MA R St

DU PPERE R G, IEPRAnE, EAEATZSHURSE ., 2=
UL B - Tl A 1 2O #8 ARG T T2 e T
HERETSAFENEETR, RAGEN T ZRUTE,

[P R R A, AR DR BRI T 5 | A IR )
A, RIS TRISOR A, B ARG es
BB o BT TEERAE M TS B AR B ST R I o
PR REP R 2 —, BT R TR A &R
& TIEDI R & SR I ERE A B, A

I RIE M AR A, HEEGEEIA, F
AMAERERRET Y, SHRN, £&5F —EHENSEA
1w, EIEALER . B, BT, BIMEE AR
PerRRI Ry M FEHACEARR, SRS ERS, 4
HEEERR A ST TIRENEREL . A, RS E R
TCRRZVIINTAE WEERRR IR B, HACFmEEr
B, FrDARAEEHSRI, A M, REP ARGy
W GELTT MR SRR I & S Hl & I R A —
FISEN. BN, SEEMa R RESTERTA R AR AR

e

T T B 1 8 i B TR FE 2 JR R & i iR G e T2
PR TP AIEIRT .

[fEER‘NT] B (1978-) , 5B, PERLLIETEA,
AR, sRIEm, MNBTHTRNBEERMNBHRR.

4

FERRG . TYEERRI, SEMARESEROTAH IR BRI AT
RESTERIARI FRr ot & G St R DL N MR = A S
2.2 iR R ARJRIE

T T PR 4 S PR T 8 B 0 [ ek T 1 L O e
SERRERE WP A R, (RERER T E M AR E BT



MRRZENAREAR - $£04% - £04H - 2025 11 B

RGP, FALRON P RR O RERRER D M EER R P I
MIESRRR SR sl ARE A IR A N 2, SR
TEBNFT SR BE R S BRI -2 ml o ) SR AR IS AR,
(AR ES T-RE I s Ak I ABIE I 2 b e St
HAbr R A it ] BE A A2 Rz, ansa ek,
{EBRBRINAE JE 22 AL BEEATT R ] DL o 7 A T DL
Bro (RO RN THOLARE, (A BRI RNAA)E
V8 22 R SRR 0T [ R o DN T SR 7 2 AR S 2 (O 52
el RERS IR > F-IB D HRREE, Hahn s Rz [AH EL R
STk S ]| A A N PR Gkt o R/ R 2 2 S B S
FMRETFRKRE, XN TR WNEREA AR &
KR NITR], BERERSLER N TS 7800, ANt B S i TH]
i, FIRES AR BIR P MR A BB s — A5

(15518

3 WUATALE T Z S M50 % H AR
3.1 WK ERI R

B BE S SE ML SRR HY R O SR B R 3R o PERE B Rk L
BN, R EEARE TR AR, SE R
RIS T 2 RYEEIR, SR TS BRA T e s Rl iR
YIRS T HESIE R, (REERESREFIntE . 78
BRI EEAIRS LR, RESRA R MO e g, 5
FETEERE FIREABTE, AR W) 2 i S
TEEFSITIE . BEETR I — P T, iRt R 2
BF LTSS A, SEIkEEEL T ENsE S,
EEHIRARHGREE, AP REHBL M. XERA T
e IR AT RTREREAS A TRINAR IR, L mHIERIFE
DRz AR, XN T RATFRAR]; SitrElk, d&r
Bk B2 AR AR AT BE S | I ANt SRR Eh o B T AR
RETRIRMIBIRN, BEIR T REBRE AR AR FTlL,
FESCPRIY T2 e, Sl T RS T = ORIE &
WK, DR st
3.2 & MR FE i

Rz XS T T A A & A A R B
SN, RN, ARG (R R nIEAR N, AR
HRE RS . S HBIXERENR, ZERAMERR
ANWrTtE, DT RBEEEARSREIL, RO CREREE
2, EEEZNSTREESERRRNT . ERRAIRE
T, FEESHERBUR, BN AHEEE . kSR
BT, MRS R o A, dER R
EEHSAAEE AR 2. —T7H, SR EEaHEES
BN, A=prplA AN R e s ST, iR A] REE
AR TEOLINE], (RS R ardit. itz
b, TR FRES R I ARIRRIR A, b
USRI L I D IR LR & o SRET5 R, b
SEMRERRE R |, PhbEE R AR, X
FEA BERSIR R T 2 AL R E

3.3 [ Rz 18] B9 S i

52 Rz 8] R RE R e A EE B S, (kv B R
THAIS, B R AW HIAE R, RS R R ELH R
WNMES. ZISntt, BERbZENEEHE—ER
IS AR AR R R W SR RS F , LR B T RENS DTS
o fERRIEIRMERNEE, KRR e, MR R REH
FARHL, FTDREEAH RS . R, 4R R
FT—ENNAZE, EEE R A ST
S, KR TS RN, iR R IR
Frethn, RALAE] TPEIIRE, SRS R R
[Al, S TREEA R RO ERR A ETR . A,
R, BaERAERRS, B EEAeE%
R IAIRAITSIL. BTLA, Bl TR ML ik i e i
HEnERI R, L EREE A H R ARSI & TR AT
NIBEFERS B /K
4 EREENFIEIE
41 AHAR S Sk

LA — R 5, FTREREI A
i, BT A ERREEEREREL 24N, IS A HAb S T,
BRYEST-. 581, SRS 15, XY S RS G
SR A S TE D S e A, B SIS iR
R RO, UL T2 B TUEE . B30
HED IR, Tl s R A& T
F, RERRESTAITE, SIS TR, i,
VAR I AGE EORERENATE, SEESILEE T, B
TR TURE . TS TR R A B B T B
S ANF T T B W BN X RE R R, R AR S
T-o PRI PR IS 2 5 5 T AR S b, 2
T AR AT A — B AL AR B R T
T SR AP TR, eI R R R TR
LR, ARSI R AR S & T F R
4.2 IR E SRR

2 R B TR LU i, TRt — TR
TEIGIRE, IR RS A 4 I R S B T st
AR AR R R G . FETT R R T, sk
HIRNDATRGRL I, SR RESE T RROREACE . BEE, BOR
D B AR EG, AR, B R T
WFEREIES . AR, T RSN
TR (INEE. 05, (IES SUERETRIRN ) KA S RN,
RS SR, R IER . BER IR
FIREARERERNEFELRE, S TREE SN
DAR MBS RSN o i RO HRIE B BB AR S i
BT HITRE, (REESERDIIM; a6t
AL g R 0 T BRI i AR TE B SR AN BEIRR 2R &
FRABHE R IR R B e R, AENSIEHH
B e RS R, DS ARSI R R AR & 4

5



MRRZENAREAR - $£04% - £04H - 2025 11 B

PEREHOTER .
4.3 FEit5 5 LY

PEIRITREIORER S Sts R, FTREERTEE D RIS
IRDIRSA, KBS RIS & S HOVERE P B
W, PRI SRR, RO 75 6 S SRR
RIS R . SRR A SR BARES
S, SRS LTHRRORR, R S A
At AR IR RO, LEABRES
PRI M R AR N, i
B (LA SRR, T

5 A SRS
5.1 M AL 4FE

FEER A S HOROM A A TE HL v RE D5 T 2 S B duE bk
VEM. ESHBHEE. a7 2MEE (SEM) S0Hr
FEMEFEREGS LT, FEEA S ORMOMAER EE R his
k. BRI A A & Tt R R R . 5t
SHEALINS, EEE RN SR #4HR T
TR, FEARE SR, BT 2R TR
BRI ARSI S & IR = A2, btk
HOREARE RS S A SRR S A TSR, 2Aimign N AL
YRS SRR NS (R & S OSBRI SRE RS LR
5.2 1=t ERE

HRAESESERIFN S, Hop . WL
VS R AR IR &R0y . SR HIE T2
EEEIRE, AT R A ERA RN, HAAETRE
SERACEOTER, PR A SEme SR FAE Skl
B PEREERES S REEIN, &EMiRETEEEth o2 p iR
T, Eitdeds, PBARMMSEERRTRREFKAR,
BEMEIE R Y, S HRIGEE . RSEEMNE SR
BEMSIE— DRI S R . BT RATRE T BB TR,
Mg,Si S8CAH, AIDABHBHIRT & 4098 minBEmn
AZJG, HAE e EEEIR D N N SeR e RS & 4
MSREERIRERE . Bt oh, BERATHIS UM T, 4
WAL TR N b, AR — B0 & S ROROTZAZ N
DI, $EFHESR DA EE.
5.3 Mt fhEsE

EESR G AR IE 2T P R RIF A bk ge. stie

BRMEEN S, REBRER—EEENEAERIPIE,
ITIX = AP RE RS R B FE 2 SN Bt — P R THR T A9 7R
o SRETTRGIMAHDG, AILIERCBERIRE LA
SERSMAREERTT, EESIMIERSLIGE. BRit24h,
EZaETRAEEHMTE, Wk, 95%, el
X R R RRTR—E RSN P Blln, SEREABETER
REBS (R & S AP AL ERE A IS, L& SR TR
I, RERS A SRR E R ER, LN TAAT
Diigm. Ao, ZREGESPEEERY. WGRAETE,
HEEER S, BAMRATRESAEA SRR,
AR, FRLL, TR G St T hlEn, %
WETREIEE TR S R, ifn Hab n] DU B A& KA
T Z, P e, RERIrRESETE, P
THE SRS TRERE, FRTEHN ARSI,

6 %1%

B 5 SO TS R S TS R b, 8 f:
e, NEBENFRACARAHG T —565808%. BiEic
T SISO R T RO G & BRI, RO XA
ZEUNDLATROTERS, DS E e E R M B bR. fE5E5K
AT 2 5, RiREEL ., ISR RIS —
2IN T, (BeEE R RE R R RIS & 4. IXPRE
A SRR, HZrEae LU e R
o RAXFEN T Z, — 5T eSS T R R
B, ST RS A H AR IE R e KoK,
W X — T2 AL, 3R = S N A
PR, FEIRAEF R, SR TR o
e e
[1] 5k SRS SRR EEDEE N T[D]. &4 Tk

£, 2024. DOI:10.27805/d.cnki.gecgy.2024.001201.

[21 B, . s R R AR & & A IN]. R ERLER,
2024-05-08 (001). DOI:10.28514/n.cnki.nkxsb.2024.000927.

[3] EEPULT B MRANLL T DTS B iE R B AL ZhER /K Hr i R
FIRFZE [J]. 24 Ab LRF3T, 2023, (22): 107-109. DOI:10.20087/j.
cnki.1672-8114.2023.22.034.

[4] fRARAD, 5T, and L. I DTSRI H S BRI RT A X BERE
AR # PRS2 I AARIERY 39.1(2023):147-154.

[5] B, “TRTUCS MBS0 T 2. # SR T
14(2024):154-156.



MBRZERREAR - £04%5 - $ 048 -20254 11 A  DOL: https://doi.org/10.12349/msat.v4i4.8475

Study on rheological properties of paste filling materials
and their influence on pipeline transportation stability

Chao Wang
Yunnan Diqing Mining Development Co., Ltd., Shangri La, Yunnan, 674400, China

Abstract

To address the issues of pipeline blockage and excessive resistance loss frequently encountered during the pipeline transportation
of paste backfill in metal mines, this study focuses on solid wastes such as full tailings-waste rock and titanium-extracted slag as
the primary research subjects. Through a combination of experimental testing and numerical simulation, the rheological properties
of paste backfill materials and their influence mechanisms on pipeline transportation stability were systematically investigated. The
research employed equipment such as a rheometer and mini-slump cone to measure the yield stress and plastic viscosity of paste
under varying tailings-waste rock mass ratios (tailings-to-waste ratio), solid mass fractions, and additive dosages. A rheological
parameter prediction model considering time-temperature effects was established using Broussonetia papyrifera. Based on loop-
pipe experiments and COMSOL numerical simulations, the variation patterns of pipeline transportation resistance with tailings-to-
waste ratio and initial flow velocity were analyzed, leading to the proposal of optimal transportation parameters. The results indicate
that the yield stress and plastic viscosity of paste exhibit a linear increasing trend with higher solid mass fractions and tailings-to-
waste ratios, with resistance loss reaching its minimum at a tailings-to-waste ratio of 5:5. When the initial flow velocity is 2.2 m-s™,
particle movement stability within the pipeline is optimal, effectively mitigating the risk of blockage. The findings provide theoretical
foundations and technical support for the optimized design of paste backfill pipeline transportation systems in metal mines.

Keywords
paste backfill; rheological properties; pipeline transportation; yield stress; resistance loss; numerical simulation
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The Influence of Plasticizer Content on the Properties of
Optical Fiber Coil Curing Adhesive

Xu Xiong Yanhong Ding' Teng Fu Jintao Yang Jiaxiang Yan
School of Materials Science and Engineering, Hunan University of Technology, Zhuzhou, Hunan, 412000, China

Abstract

To enhance the environmental adaptability of fiber optic gyroscopes (FOGs) under complex working conditions, this study aims to
investigate the regulatory effect of the plasticizer dioctyl terephthalate (DOTP) on the properties of the adhesive used for optical
fiber coil curing. The influence of DOTP content on the thermal stability, mechanical properties, and process viscosity of the cured
adhesive was systematically studied. Results indicate that DOTP effectively reduces the glass transition temperature and viscosity
of the adhesive by shielding the intermolecular interactions in the polyurethane acrylate (PUA) chains. When the DOTP content is 6
wt% (PUA-T2), the cured adhesive exhibits optimal overall performance: excellent thermal stability, a 28.06% increase in elongation
at break compared to unmodified PUA, and suitable viscosity. Temperature cycling tests of the optical fiber coils further demonstrate
that coils wound with PUA-T2 adhesive show better bias stability and range performance than those with unmodified adhesive,
confirming the potential of this optimized formulation for improving the environmental adaptability of FOGs.

Keywords
Optical fiber coil; Curing adhesive; Plasticizer
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Practice of overflow dyeing process for cotton/PLA knitted
fabrics

Peng Guo' Yixue Xu®’ Li Guo™

1. Binzhou Yaguang Home Textile Co., Ltd., Binzhou, Shandong, 256604, China
2. Binzhou Vocational College of Science and Technology, Binzhou, Shandong, 256606, China

Abstract

This paper established the scouring and bleaching process for cotton/PLA fiber blended knitted fabrics and the overflow dyeing
conditions for cotton using Huntsman High Lightfastness SE series dyes. The dyeing temperature was set at 75-80°C with a holding
time of 40 minutes. For light colours, the dosage of Na.SOa ranged from 5-10 g/L, while for medium colours, it ranged from 11-30
g/L. The fixing agent dosage was 5-9 g/L for light colours and 10-15 g/L for medium colours. SE-Yellow, SE-Red, and SE-Blue
were identified as the three primary colors for the cotton dyeing system. The overflow dyeing conditions for PLA using Annocron
ERD disperse dyes were determined: a dyeing temperature of 110°C with a holding time of 50 minutes. The dosage of disperse
leveling agent T-150 was 5-10 g/L for light colours and 11-12 g/L for medium colours. ERD-Yellow, ERD-Red, and ERD-Blue were
identified as the three primary colors for the PLA disperse dyeing system.

Keywords
Scouring and bleaching; PLA fiber; Knitted fabric; Overflow dyeing
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Study on the micro-mechanism of hydration of copper
tailings powder with CNTs as a geopolymer

Ruifeng Cheng Bingzhi Xiang
Jiangxi University of Science and Technology, Nanchang, Jiangxi, 330098, China

Abstract

In the field of contemporary building materials, the development concepts of greening and high-performance are becoming
increasingly prominent. Replacing cement with solid waste is one of the effective approaches to transform waste into treasure and
achieve green resource utilization. This project investigates the use of solid waste—copper tailings powder—to replace 45% of
cement in the preparation of composite cementitious materials. To meet the expected performance standards, chemical activation of
desulfurization gypsum (DG) and dispersion of hydroxyl-modified multi-walled carbon nanotubes (MWCNTs) with gum arabic (AG)
were employed to formulate an environmentally friendly copper tailings-based cement composite material (CTC). The mechanical
properties and SEM morphology of the CTC gel system were tested, and XRD analysis of its crystalline phases was conducted
to explore the reinforcement mechanism of MWCNTSs in the copper tailings-cement gel system. This research contributes to the
resource utilization of copper tailings solid waste, provides theoretical basis and technical support for developing high-performance
geopolymer, and facilitates the advancement of the building materials industry toward green and sustainable development.

Keywords
copper tailings; MWCNTs; graphene oxide; solid waste
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Dynamic Recrystallization Behavior and Texture Control
in High-Temperature Extrusion of 7075 Aluminum Alloy

Wei Teng
Jiangsu Solid Aluminum Technology Co., Ltd., Zhangjiagang, Jiangsu, 215600, China

Abstract

7075 aluminum alloy, renowned for its high specific strength, excellent fatigue resistance, and superior processability, is extensively
utilized in aerospace, transportation, and advanced equipment manufacturing. High-temperature extrusion molding serves as a critical
process for producing high-performance complex components, where dynamic recrystallization (DRX) behavior and texture evolution
play decisive roles in achieving uniform microstructure and enhanced mechanical properties. This paper systematically reviews the
DRX mechanisms of 7075 aluminum alloy under high-temperature deformation, investigates the influence of temperature, strain rate,
alloy composition, and pre-treatment processes on recrystallization behavior and texture formation, and analyzes the microscopic
mechanisms of grain refinement, dislocation evolution, and substructure development. The research demonstrates that optimizing
process parameters and thermodynamic conditions can effectively regulate texture types, improve material strength and ductility, and
provide theoretical foundations and process guidance for precision manufacturing of advanced aluminum alloy components.

Keywords
7075 aluminum alloy; high temperature extrusion; dynamic recrystallization
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Exploration of the Application of Silver Nanowire-Based
Flexible Transparent Conductive Films in Automotive
Starry Roofs

Haibo Wang
Shenzhen Huake Tek Co., Ltd., Shenzhen, Guangdong, 518000, China

Abstract

with the development of the automotive industry, the vehicle panoramic sky screen and star top have become the key design
elements to improve vehicle comfort and intelligence. In recent years, silver nanowires transparent conductive films have become a
research hotspot in this field because of their excellent optical properties, flexibility and conductivity. In this paper, the application
of transparent conductive film based on silver nanowires in vehicle borne star dome is discussed. By analyzing its preparation
method, photoelectric properties and practical application, the advantages over traditional ITO film and metal grid film are revealed.
The research shows that the silver nanowire film has outstanding performance in optical transparency, conductivity and flexibility,
which can effectively meet the design requirements of modern automobile star roof, and provide technical support for the future
development of intelligent roof system.

Keywords
silver nanowires; Transparent conductive film; Car panoramic sky curtain; Star dome
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Reliability Study of Low-Temperature Sintered Copper
Paste in Power Module Packaging

Shizhi Zhan
Shenzhen Advanced Joining Technology Co., Ltd., Shenzhen, Guangdong, 518000, China

Abstract

With the development of power modules toward high power density and high reliability, traditional silver pastes can no longer meet
application requirements due to their high cost and susceptibility to electromigration. Low-temperature sintered copper pastes,
featuring low cost, high conductivity, and environmental friendliness, have emerged as a key alternative. This study addresses issues
such as poor uniformity in large-area sintering and significant thermo-mechanical coupling failures. By systematically optimizing the
copper paste formulation and sintering process parameters (temperature, pressure, and atmosphere), and by employing microstructural
characterization and accelerated lifetime testing, the reliability mechanisms are revealed. The results show that nano-copper powder
modification and gradient functional design can significantly enhance interfacial bonding strength, improving thermal cycling lifetime
compared with conventional processes. This work provides theoretical support and technical guidance for power module packaging.

Keywords
sintered copper paste; high-power packaging; semiconductor packaging; large-area sintering; reliability
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Dsa Directed Assembly Lithography Integrated Carbon
Nanotube Transistor

Xu Wang

1. Nanjing Zhihe Electronic Technology Co., Ltd., Nanjing, Jiangsu, 215200, China
2. Shanghai Xianzhedian Optoelectronic Technology Co., Ltd., Shanghai, 200000, China,

Abstract

DSA (Directed Self-Assembly) lithography is a nanoscale patterning technique that utilizes the phase separation principle of
bulk polymer materials under light exposure, enabling precise control over material alignment. This method achieves nanoscale
structures with low resolution while offering advantages like simplified processes and cost efficiency, making it highly promising
for semiconductor manufacturing. The "DSA-guided self-assembly integrated carbon nanotube Al chip" represents an innovative
chip fabrication solution for the post-Moore era. Using carbon nanotubes as channel materials and directed self-assembly (DSA)
nanofabrication technology, it achieves ultra-high-density, low-power Al-specific computing arrays. The chip replaces silicon-based
FinFETs at 3 nm and below nodes, delivering carbon-based transistor Al accelerators with 1.2 THz channel speeds and over 60%
power reduction.

Keywords
DSA (Directed Self-Assembly); carbon-based transistors; silicon-based FinFET; Al accelerator
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Research on Residual Stress Evolution and Control
Technology in Titanium Alloy TC4 Machining

Xiaoping Hu
School of Materials Science and Engineering, Central South University, Changsha, Hunan, 410083, China

Abstract

Titanium alloy TC4, renowned for its high specific strength, excellent corrosion resistance, and high-temperature performance,
is widely used in aerospace, energy equipment, and biomedical fields. However, it tends to generate significant residual stresses
during machining processes, severely affecting dimensional accuracy, fatigue life, and service stability of components. This study
analyzes the evolution patterns of residual stresses in TC4 alloy during cutting, grinding, and heat treatment processes, revealing the
stress formation mechanism under the coupled effects of thermal, mechanical, and phase transformation. The research demonstrates
that cutting temperature, feed rate, tool wear, and cooling conditions are critical factors influencing stress distribution. Based on
experimental and finite element simulation results, this paper proposes a multi-field coordinated control strategy incorporating low-
temperature cooling technology, vibration cutting, laser surface modification, and ultrasonic impact treatment to achieve effective
residual stress regulation and stress field optimization. The findings provide theoretical foundations and technical pathways for
improving precision machining and service performance of titanium alloys.

Keywords
titanium alloy TC4; residual stress; stress evolution; cutting mechanism; stress control
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