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Cuvant inainte,

Prezenta Teza de Doctorat definitiveaza preocuparile, pasiunea si experienta acumulatd
Pentru constructia si calculul masturilor transportabile. Acest drum a inceput odata cu anii studentiei,
cind am participat la Olimpiada de Rezistenta Materialelor, fiind continuatad de activitatea
desfasurata in cadrul Uzinei de Utilaj Petrolier UPET Targoviste, dupa care din pozitia de
antreprenor, am realizat numeroase proiecte care au inclus in special proiectarea §i constructia
instalatiilor transportabile.

Pentru ca acest drum sa fie realizat multumesc invatatoarei mele doamna, Constanta
Dragomir, profesorilor de gimnaziu din comuna Bertea, profesorilor liceului Mihai Viteazul din
Ploiesti, profesorilor Universitatii de Petrol-Gaze din Ploiesti, mai ales domnului Prof.Univ. Dr. Ing.
Nicolae Posea care cu rabdare i atentie mi-a ghidat pasii in tainele Rezistentei Materialelor.

Multumesc, de asemenea, pentru sprijinul, rabdarea, indrumarea si infelegerea pe care mi-a
acordat-o conducatorul stiintific, domnul Prof. Univ. Habil. Dr. Ing. Razvan George Ripeanu si
comisiei de indrumare, domnului. Prof. Univ. Dr. Ing. Vasilescu Serban, doamnei. Sef Lucrari Dr.
Ing. Lavinia Silvia Stanciu si domnului Conf. Univ. Dr. Ing. loan Popa.

Doresc, de asemenea pe aceasta cale, sa multumesc conducerii Universitatii Petrol-Gaze din
Ploiesti, conducerii Facultatii de Inginerie Mecanica §i Electrica, pentru posibilitatea de realizare a
acestei teze.

Nu in ultimul rind, aduc multumirile mele calde si neconditionate, Familiei care m-a sustinut
totdeauna in momentele de cumpana. Multumesc cu aceiasi intensitate unchiului meu Constantin
lamandei, care a decis asupra carierei mele, celor apropiati mie, mai ales domnului ing. Dan Jacota,
si domnului ing. Nicolae Capatdna.

In speranta cd lucrarea de fatd aduce o abordare structuratd asupra proiectdrii si constructiei
masturilor transportabile, dar si celor fixe, le multumesc celor care vor utiliza recomandarile si vor
tine cont de concluziile tezei.
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REZUMAT

Tara noastrd dispune de zdcaminte de hidrocarburi si de peste 175 ani exploateaza si pune in
valoare aceste resurse, iar de aproape 75 de ani in Romaénia s-au dezvoltat intreprinderi care
construiesc echipamentele si utilajele necesare exploatarii.

In acest moment, pe plan mondial se constati o recesiune a activitatii de foraj prin sciderea
numarului de sonde forate si o anumitd stagnare a producerii de petrol, in contextul politicilor de
reducere a emisiilor de COg, care implica reducerea consumului de combustibili fosili.

Prioritdtile actuale ale industriei petroliere se referd la: fiabilitatea, siguranta, eficienta,
optimizarea si automatizarea activitatii de foraj si extractie, precum si protectia mediului ambiant.

Pentru construirea unei sonde in scopul exploatarii petrolului si a gazelor, lucrarile respective
se desfisoard in cadrul a doud domenii: foraj si extractie. In cadrul fiecarei sfere de activitate,
dezvoltarea si perfectionarea se refera la, [1]:

1. Tehnologia aplicata (pentru realizarea forajului sau extractiei);
2. Constructia de instalatii, utilaje si echipamente;

3. Organizarea si conducerea managementului activitatii;

4. Protectia mediului si cresterea gradului de siguranta.

Preocuparile si cercetarile din ultima vreme, pe plan national si mondial, au in vedere

urmatoarele directii, [2]:
1. Modularizarea instalatiilor de foraj-interventie;
2. Cresterea gradului de transportabilitate al instalatiilor de foraj-interventie;
3. Perfectionarea constructiei sapelor si diversificarea sculelor;
4. Optimizarea regimurilor de lucru ale sapelor cu role si ale sapelor compacte cu diamante
policristaline;
. Perfectionarea mijloacelor mecanizate si introducerea celor automatizate;
. Automatizarea completa a instalatiei de foraj;
7. Utilizarea actionarii garniturii de foraj de la partea superioard cu complex mecanizat (TOP
DRIVE);
8. Forajul cu tub flexibil si motor de adancime etc.

Succesul operatiei de foraj sau interventie este dat de parametrii si caracteristicile instalatiel
de foraj. Pentru instalatiile de foraj sau interventie clasice, S-au adoptat pe plan mondial doua marimi
fizice principale, [1]:

- Sarcina de lucru la carlig;

o o1

- Puterea instalata si o caracteristica principald precum tipul actiondrii, care desemneaza tipul
grupului de actionare al agregatelor de lucru principale.
Cu ajutorul parametrilor principali si al caracteristicii principale, se nominalizeaza si se
standardizeaza instalatiile de foraj, de exemplu:
-SEAM 1000, unde 1000 reprezinta puterea instalata 1000 CP, [3];
-7J40/2250, unde 2250 reprezinta sarcina maxima la carlig 2250 kN, [4];
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-TD 125 CA A6, unde 125 reprezinta sarcina maxima la carlig 125 tf, [5];

-F320, unde 320 reprezinta sarcina maxima la carlig, 320 tf, [6].
pe care instalatia le va avea de a construi o sonda, conform unui program de tubare. Ca urmare, este
necesar sa se coreleze parametrii instalatiei de foraj sau interventie si ai utilajelor componente, precum
si unele caracteristici ale acesteia, cu datele de constructie ale sondei ce urmeaza sa fie forata, sau
asupra careia se va interveni pentru operatii de reparatie, [1].

Parametrul esential in caracterizarea unei instalatii de foraj este sarcina la carlig. In functie de
operatia principald, cand apare si de modul de aplicare a acesteia, sarcina cea mai mare din timpul
operatiei respective poate fi, [1]:

-Sarcina normala utila la carlig, datd de cea mai grea coloana de burlane, in conditii statice;

-Sarcina maxima utila la carlig, datd de cea mai grea coloana de prajini, in conditii dinamice.

Masura tipizatd a sarcinii maxime de lucru determina alegerea tipizatd a instalatiei de foraj,
impreuna cu toate echipamentele corespunzatoare, recomandate in standarde.

In ultima perioadi de timp, se observd o diversificare a masurilor tipizate, datoritd
neconcordantelor de normative din diferite tari, astfel se intdlnesc in productia curenta instalatii [3, 4,
5, 6] de 28 tf, 30 tf, 32 tf, 40 tf, 48 tf, 50 tf, 60 tf, 65 tf, 70 tf, 80 tf, 90 tf, 100 tf, 125 tf, 150 tf, 160 tf,
180 tf, 200 tf, 225 tf, 250 tf, 320 tf, 350 tf, 400 tf, 450 tf, 500 tf, 650 tf, 720 tf, 950 tf.

Unul dintre echipamentele care este determinat direct de sarcina maxima este mastul,
elementul principal al echipamentului de manevra (cablu, geamblac, ansamblu macara-carlig, troliul
de foraj, mastul sau turla).

In 1825, L. Disbrow a patentat primul mast cu 4 picioare ce putea fi demontat, realizat din
grinzi din lemn, [7]. Putem spune ca masturile realizate din otel au la baza brevetul obtinut in 1908,
de catre Lee C. Moore. Tot Lee C. Moore, in 1937, a realizat mastul de foraj ce putea fi ridicat in
consola ca o singura piesa, [8]. Masturile transportabile au fost introduse de George E. Failing in 1960,
cand a realizat montajul mastului pe un camion Ford, [7]. In 1960, Smith Richard a depus cererea de
brevet pentru un mast transportabil, usor de asamblat si dezasamblat, adaptabil pe teren denivelat,
pentru care a primit brevetul in 1965, [9].

Universitatea Petrol-Gaze din Ploiesti are o experientd deosebitd in studierea functionarii
masturilor. Putem mentiona tezele de doctorat conduse de domnul Prof.Dr.Ing, Posea Nicolae
,Contributii privind stabilitatea dinamica a masturilor” avand autor pe Gheorghe Gherghe in 2006,
[10] si ,,Solutii CAD/CAE privind rezistenta si dinamica structurilor din bare, cu aplicatie la masturile
in forma de U cu cap hidraulic motor” realizata in 1997 de lonut Lambrescu, [11] , cat si de
Prof.Dr.Ing. Alexandru Anghel ,,Cercetari privind dinamica instalatiilor de foraj montate pe vehicule
auto portante si modalitati de apreciere a durabilitatii prin mecanica ruperii” realizatda in 2003, de
Constantin Catuneanu , [12 ].

Diversitatea tipurilor de masturi transportabile produse de producatori consacrati pe plan
mondial, cét si necesitatea de a rdspunde cerintelor utilizatorilor impun continuarea cercetdrii acestora.
Consideram ca tema tezei de doctorat ,,Cercetari privind optimizarea constructiei masturilor
transportabile” raspunde acestor cerinte. Cercetarile prezentate, de catre autor in lucrare, au caracter
de noutate, neidentificandu-se lucrari similare pe plan national sau international.
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Obiectivul principal al tezei de doctorat a fost optimizarea constructiei masturilor
transportabile, obiectiv ce considerdm ca a fost atins prin realizarea urmatoarelor obiective secundare:

- Stabilirea unui coeficient de supraincarcare, cu o valoare cat mai redusa, deoarece acesta se
recomanda a se situa intre 1,15-1,5. Evident, dacd prin proiectare alegem un coeficient de
supraincarcare mare, va rezulta o supradimensionare a structurii. Pentru optimizarea acesteia, dar cu
pastrarea gradului de sigurantd in exploatare, trebuie ales un coeficient de supraincarcare cat mai
redus. Acest obiectiv secundar, consideram ca a fost atins prin adoptarea unui coeficient de
supraincarcare de 1,1667, iar structura mastului modern tip UW48 a fost verificata prin calculele
analitice realizate in cap.2 si mai ales prin calculul numeric din cap.3, cu stricta respectare a cerintelor
din API 4F;

-Stabilirea formei optime a diagonalelor si orizontalelor si anume bara rotunda, obiectiv atins
prin stabilirea rezistentei minime la vant, dar cu mentinerea rezistentei structurale, obiectiv
consideram atins prin calculele realizate in subcap.3.3, si prezentate in Tabelul 3.4;

-Optimizarea grosimii de perete a montantilor fatda (M1, M4), obiectiv ce consideram ca a fost
atins prin analiza efectuata in subcap.4.1 si 4.5, prin care s-a stabilit ca pentru mastul UW48 grosimea
optima a montantilor fata este de 6 mm;

-Optimizarea grosimii de perete a montantilor spate (M2, M3) , obiectiv ce consideram ca a
fost atins prin analiza efectuatd in subcap.4.2 si 4.5, prin care s-a stabilit ca pentru mastul UW48
grosimea optima a montantilor spate este de 6 mm;

-Stabilirea grosimii de perete optime a orizontalelor, obiectiv atins prin obtinerea grosimii de
perete de 6 mm, prin calculele si verificarile realizate in subcap.4.3 si 4.5;

-Stabilirea grosimii de perete optima a diagonalelor cu valoarea de 4 mm, obiectiv atins prin
analiza efectuata in subcap.4.4 si 4.5;

-Optimizarea ancorarii mastului pe sasiu, cu obtinerea modului de pozitionare a ancorelor in
functie de modul de utilizare a mastului, obiectiv, consideram atins prin analiza efectuatd in
subcapitolul 5.2.2.

Lucrarea se extinde pe 8 capitole, continand Introducere si Bibliografie precum si Anexe.

in Capitolul 1 ,,Stadiul actual privind proiectarea si constructia masturilor transportabile”
se realizeaza o sinteza a tipurilor de masturi, utilizandu-se diverse criterii de clasificare. S-au scos in
evidenta factorii functionali, constructivi, cét si dimensiunile elementelor componente de care trebuie
sa se tina seama la proiectare, respectiv alegerea masturilor.

Pentru respectarea prescriptiilor de proiectare, de executie si de functionare ale masturilor
transportabile si pentru a se asigura cerintele de calitate si executie s-au realizat pe baza experientei
autorului o sinteza de prescriptii tehnice impuse masturilor transportabile, prezentate pe fiecare
component al mastului. Aceasta sinteza de prescriptii tehnice se constituie intr-un material deosebit
de util specialistilor din domeniu. S-au realizat si o serie de recomandari practice, privind intretinerea
si exploatarea masturilor, acestea constituind un ghid util de lucru.

Capitolul 2 denumit ,,Calculul analitic al unui mast transportabil cu sarcina la cirlig de
480 kN” aplica teoriile de calcul pe o structura predefinita a mastului modern UW48 ce face parte
integranta dintr-o instalatie de interventie de tip transportabil. Calculul a constat in prezentarea
tipurilor de Incarcari si gruparilor de incarcari care actioneaza asupra mastului, conform standardului
care reglementeazi constructia masturilor transportabile moderne, APl 4F. In acest capitol este
prezentatd o modalitate de calcul a masturilor transportabile, folosind principiile generale din
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rezistenta materialelor. Aplicand teoria din rezistenta materialelor se verifica structura mastului la
conditiile de rezistentd, rezultand coeficienti de sigurantd acoperitori pentru functionarea mastului,
Cer. = 2,1 (pentru structura mastului), cqne. = 7,35 (pentru ancore). A fost verificata stabilitatea
generala si locald a mastului rezultand coeficientii de siguranta ¢y, = 7,17 si ¢5,, = 20,42. inurma
calculelor s-a evidentiat ca diagonalele si grinzile sunt foarte putin solicitate si pot fi un capitol
important in cadrul optimizarii dimensionale a structurii metalice. Capitolul se incheie cu
determinarea frecventei pulsatiei proprii de oscilatie libera neamortizata p = 0,38 Hz.
in Capitolul 3 al tezei, cu titlul ,,Analiza staticd a mastului transportabil cu sarcina la cirlig
de 480 KN” se realizeaza analiza constructiv-functionala a mastului si alcatuirea modelului de lucru
in vederea efectuarii calculului de rezistenta, pentru mastul tip UW 48, atat in COSMOSM [13], cat
si in ANSYS [14]. Modelele de calcul contin si detalii ale subansamblelor ce intra in componenta
mastului, analiza comportarii statice a mastului, la sarcina de proba. S-a pus in evidenta ca zonele
cele mai solicitate ale mastului se gasesc in partea de jos, in zona de imbinare a mastului cu tronsonul
fix (conform calculului prin COSMOSM, 219 MPa), in partea de mijloc a mastului in zona grinzii
spate, care se afla la baza inclinarii mastului (conform COSMOSM, 196 MPa) si in partea superioara
a mastului in zona de sub geamblac a montantilor spate (conform calcul COSMOSM, 150 MPa).
Analiza comportarii la stabilitatea generala a determinat coeficientii de siguranta la flambaj, in situatia
analizei mastului singular (cs;ng = 3,71) dar si in varianta mastului inclus in sasiul autocamionului
(Cmast-sasiu = 17,51). Analiza stabilitdtii locale a scos in evidenta factorul k <1, conform
Tabelelor 3.4 si 3.5, care demonstreaza ca structura aleasa nu prezinta pericol de pierdere a stabilitatii
locale mai mare decat cel de stabilitate globala. Analiza comportarii dinamice a pus in evidenta
primele 10 pulsatii proprii (Tabel 3.6), frecventa pulsatiei fundamentale fiind de 3,72 Hz.
»Optimizarea dimensionala a mastului transportabil cu sarcind la cirlig de 480 KN”, se
constituie in capitolul 4, in care s-a analizat influenta pe care dimensiunile elementelor structurale 0
induc in comportarea de ansamblu a mastului. S-au efectuat determinari ale tensiunilor maxime, ale
deplasarilor la geamblac si a deformatelor de flambaj, pentru optimizarea dimensiunilor si obtinerea
celor optime pentru elementele structurale ale mastului si anume montantii fatd, montantii spate, grinzi
si diagonale. Rezultatele sunt prezentate in Anexa 4 si de asemeni sub forma grafica, in cuprinsul
capitolului. Montantii fata conduc la un optim (un minim) al tensiunii echivalente maxime, pentru o
grosime de 6 mm, fiind realizate analize ale grosimilor de perete cuprinse intre 4 si 8 mm. Din acest
motiv se recomandad, pentru fiecare mast transportabil, verificarea unor grosimi apropiate (una mai
mare si alta mai mica), fata de cea propusa initial, in calculul de proiectare. De asemenea se remarca
faptul ca, marirea grosimii montantilor fatd conduce la scaderi ale deplasarilor maxime (dar cresteri
ale greutdtii totale) de la varful structurii, dar micsoreaza usor si sarcina critica de flambaj. Din aceste
motive se recomanda alegerea optimului care produce un minim al tensiunii echivalente maxime.
Grosimile montantilor spate produc (odata cu cresterea grosimii lor) scaderi ale tensiunii echivalente
maxime si ale deplasarilor maxime de la varful structurii si cresteri ale sarcinii critice de flambaj. Se
constatd totusi o inflexiune pentru o valoare a grosimii acestora egala cu cea a montantilor fatd (in
cazul de fata 6 mm). Din aceste motive se recomandi ca montantii fati si aiba aceeasi grosime cu
montantii spate, deoarece scaderea usoard a valorii tensiunii echivalente maxime este insotita si de o
»~mutare” a maximului, de la partea inferioara a mastului (din zona de imbinare cu tronsonul fix), la
partea superioara (in zona de imbinare cu coroana geamblac).Variatia grosimii orizontalelor are un
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palier pentru care tensiunea echivalenta este minima. Se recomanda ca grosimea acestora sa nu
depiaseasca valoarea maxima a acestui palier (in cazul de fatd 6 mm), deoarece orice crestere a
grosimii, peste aceastd valoare, ar produce un consum inutil de materiale. Deplasarile maxime de la
varful structurii scad foarte usor (cu 0,5%), iar sarcina criticd de flambaj ramane practic constanta.
Cresterea grosimii diagonalelor spate produce o crestere a tensiunii echivalente, o variatie cu maxime
si minime pentru deplasarea maxima de la varful structurii, iar sarcina criticd de flambaj ramane
constantd. Analizand cresterile evidentiate (vezi Figurile 4.12-4.14) se poate sugera alegerea celei
mai mici grosimi pentru aceste diagonale, astfel realizidnd-se economii de material si micsorari ale
greutatii mastului, desi valoarea optima este 3 mm din motive tehnologice recomandam o valoare de
4 mm. Variatia grosimii elementelor structurale, nu modificd substantial valorile primelor trei
frecvente proprii — (vezi Figurile 4.15-4.18). Se poate totusi remarca, o tendinta de usoara crestere a
primei pulsatii proprii, odata cu cresterea grosimii montantilor spate si o usoara tendinta de scadere a
celei de-a doua pulsatii proprii, odata cu cresterea grosimii diagonalelor spate, diferenta valorilor
primelor trei frecvente fiind mica, grosimea optimd a montantilor se va stabili din conditiile statice
sau de stabilitate prezentate.

in Capitolul 5, intitulat ,,Optimizarea ancorarii mastului pe sasiu”, se analizeaza influenta
pozitionarii ancorelor la sasiu. In general, instalatiile de foraj/interventie pe care sunt montate
masturile transportabile ancorate, sunt asezate pe mai multe cricuri hidraulice, acestea reprezentand
»~reazeme simple”, care sunt mentinute pe sol datoritd greutdtii echipamentelor, cum este cazul
reazemelor din fata instalatiilor, sau datoritd sarcinii la carlig in cazul reazemelor de sub mast.
Ancorele de rezistenta ale mastului sunt montate intotdeauna la sasiul instalatiei in zona reazemelor
fata. In cazul in care, eforturile din ancore depisesc greutatea echipamentului care tine reazemul
simplu pe sol, apare tendinta de ridicare a instalatiei de pe sol, cu implicatii grave asupra stabilitatii
instalatiei. Acest capitol analizeaza influenta asezarii ancorelor pe sasiul instalatiei. Pentru forte de
ridicare mai mari de 400 kN, exista o tendinta de ridicare a camionului de pe reazemele fata, deoarece
una dintre reactiuni (vezi Figura 5.16 devine negativa, ceea ce inseamna ca sasiul nu mai apasa pe
acest reazem. Tendinta de ridicare poate fi anulata, prin montarea unei greutdti suplimentare (un lest
de maximum 10 kN) in fata camionului. Curbele reprezentate in Figurile 5.17, 5.18, 5.19 (ancore
situate la 810 mm) conduc la concluzii similare cu cele precedente (tendinta de ridicare a camionului),
singura diferentd constand in faptul ca, tendinta de ridicare de pe reazemele fata incepe sa apara la
valori mai mari ale fortei de tractiune, adica peste 470 kN. Graficele din Figurile 5.20, 5.21 si 5.22
(ancore situate la 1340 mm) evidentiaza faptul ca, la o forta de tractiune de aproximativ 400 kN, exista
o tendinta de ridicare simultana de pe reazemele intermediare si fata, sugerand astfel, ca aceasta pozitie
de ancorare ar trebui evitatd. Graficele din Figurile 5.23, 5.24, 5.25, (ancore situate la 1985 mm)
sugereaza ca singura tendinta de ridicare apare pe reazemele intermediare, pentru forte de ridicare mai
mari de 400 kKN. Aceasta tendintd de ridicare este mai putin periculoasd, deoarece structura ramane
sprijinita, atat pe reazemele din fata, cat si pe cele din spate. Functiile reprezentate in Figurile 5.26,
5.27,5.28, evidentiaza faptul ca, pe masura ce se modifica pozitia de ancorare (pentru sarcina maxima
de lucru de 500 kN), reazemele spate se incarca tot mai mult, iar cele intermediare incep sa prezinte
o tendintd de ridicare, pentru ancore mai apropiate de mast, decat cele prezentate in Figura 5.10
(pozitia 1340 mm). Modul de variatie a deplasarilor, aratate in Figurile 5.29-5.32, demonstreaza
faptul ca, pe masura ce pozitia de ancorare se apropie de mast (de gura sondei), deplasarile orizontale
maxime de la varful mastului cresc cu aproximativ 71% (de la 35 mm la 60 mm). Variatia tensiunilor
maxime, in functie de forta de ridicare si de pozitia ancorelor, prezentate in Figurile 5.34-5.38,
demonstreaza faptul ca, pe masura ce pozitia de ancorare se apropie de mast, tensiunile maxime cresc,
apropiindu-se de limita admisibild a materialului. Ultimele doua aspecte evidentiate (cresterea
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deplasarilor de la varful mastului si a tensiunilor maxime de la baza mastului, functie de modificarea
pozitiei de ancorare) demonstreaza cd, cea mai buna pozitie de ancorare o reprezintd cea cu ancorele
pozitionate ca in Figura 5.8 (cu ancorele cat mai apropiate de reazemele fata). Singurul dezavantaj al
acestei pozitii de ancorare, il reprezintd tendinta de ridicare de pe reazemele fatd, pentru forte de
tractiune mai mari de 400 kN, dar acest dezavantaj poate fi usor anihilat prin montarea unui lest de 10
KN, in fata camionului. Aceasta pozitie de ancorare prezinta si doua avantaje foarte importante si
anume: asigurarea unui minim al tensiunilor maxime din mast si a unor deplasdri minime la varful
mastului. Din modul de lucru al masturilor transportabile, pentru forarea de sonde sau pentru reparatii
la sonde, analiza efectuatd asupra tensiunilor echivalente maxime si a deplasarilor la geamblac, ne da
posibilitatea sa formuldm care sunt modurile optime de ancorare:

» Pentru foraj sonde, este indicat sa avem ancorele cat mai apropiate de reazemele fata,(pozitia
initiala a ancorelor Figura 5.8) deoarece tensiunile si deplasarile din mast sunt mai mici.
Disconfortul produs de incarcarea cu un lest suplimentar in partea din fatd a camionului, este
contrabalansat de o sigurantd mai mare 1n functionare si de o deformare mai mica a mastului,
atat la proba de supraincarcare, cat si in conditii normale de operare;

» Pentru reparatii sonde, este indicata pozitia ancorelor ca in Figura 5.11 deoarece instalatiile

sunt mai mici, mai operative au numar mic de accesorii care se transportd cu instalatia,

deplasdrile mai mari la geamblac nu influenteaza major procesul de productie iar majorarea

tensiunilor din structura mastului nu au cresteri atat de mari incat sa devina periculoase.

Capitolul 6, cu denumirea ,,Determindri experimentale efectuate pe mastul tip UW 48”, pune
in valoare partea de determinari experimentale si anume procesul de masurare tensiometrica a
mastului in timpul unei probe de verificare, cu o forta de supraincarcare de 560 kN. Masuratorile
tensiometrice au fost realizate in timpul probei de supraincarcare si au fost repartizate pe trei etape
semnificative:

- etapa de ridicare a mastului din pozitia orizontald, in pozitia de lucru;

- etapa probei de supraincarcare;

- etapa de coborare a mastului Tn pozitia orizontala.

Dupa achizitionarea datelor de la toate punctele de masura, s-au calculat (pe baza legii
generalizate a lui Hooke), tensiunile corespunzdtoare acelorasi directii axiale ale barelor.
Determinarile experimentale au evidentiat zonele cu tensiuni maxime, in conformitate cu calculele
numerice si anume in partea de jos a mastului, in zona de imbinare a mastului cu tronsonul fix (199,75
MPa), in partea de mijloc a mastului in zona grinzii spate care se afla la baza inclinarii mastului (70
MPa) si in partea superioara a mastului in zona de sub geamblac a montantilor spate (196 MPa).
Determinarile dinamice s-au efectuat pentru doua ridicari bruste ale unei greutati la carlig de 70 kN,
respectiv de 140 kN. Rezultatele au confirmat ca valoarea coeficientului dinamic se pastreaza sub
1,33.

in Capitolul 7, intitulat ,,4naliza comparativi a rezultatelor obtinute in urma calculului
analitic si a calculului numeric cu valorile obtinute prin determindrile experimentale”, se
realizeaza comparatia intre rezultatele obtinute, atat pe cale teoretica, dar si practica.

in Capitolul 8, ,,Concluzii finale. Contributii personale. Directii viitoare de cercetare”, se
prezinta concluziile finale, contributiile personale si directiile viitoare de cercetare a masturilor
transportabile.

Cercetarile, efectuate pe durata elaborarii tezei, au fost diseminate prin publicarea a 5 articole,
dintre care doua 1n reviste indexate Scopus, doua in reviste indexate BDI dupa ce au fost prezentate
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la o conferinta internationala, iar unul a fost publicat in revista ASEM a conferintei internationale
“The 2021 World Congress on Advances in Structural Engineering and Mechanics (ASEM21), Seoul,
Korea, August 23-26, 2021”.

ABSTRACT

Our country has hydrocarbon deposits and has been exploiting and utilizing these resources
for over 175 years. For nearly 75 years, companies in Romania have been developing the equipment
and machinery necessary for this exploitation.

Currently, there is a global recession in drilling activities due to a decrease in the number of
wells drilled and a certain stagnation in oil production, influenced by CO2 emission reduction policies
that imply reduced fossil fuel consumption.

The current priorities of the oil industry focus on reliability, safety, efficiency, optimization,
and automation of drilling and extraction activities, as well as environmental protection.

For constructing a well to exploit oil and gas, the respective works are carried out in two main
areas: drilling and extraction. In each sphere of activity, development and improvement refer to[1]:

1. Applied technology (for drilling or extraction);

2. Construction of installations, machinery, and equipment;

3. Organization and management of activities;

4. Environmental protection and increasing safety levels.

Recent national and international concerns and research have focused on the following
directions [2]:

1. Modularization of drilling-intervention installations;

2. Increasing the transportability of drilling-intervention installations;

3. Improving the construction of drill bits and diversifying tools;

4. Optimizing the working regimes of roller bits and compact bits with polycrystalline
diamonds;

5. Improving mechanized means and introducing automated ones;

6. Complete automation of the drilling installation;

7. Using top drive systems for drill string actuation (TOP DRIVE);

8. Drilling with flexible tubing and downhole motors, etc.

The success of drilling or intervention operations is determined by the parameters and
characteristics of the drilling installation. For classic drilling or intervention installations, two main
physical characteristics have been adopted worldwide[1]:

- Hook load capacity;

- Installed power and a main characteristic such as the type of drive, which designates the type
of driving group of the main working aggregates.

Using the main parameters and the main characteristic, drilling installations are named and
standardized, for example:

SEAM 1000, where 1000 represents the installed power of 1000 HP[3]:

ZJ40/2250, where 2250 represents the maximum hook load of 2250 kN[4]:

TD 125 CA A6, where 125 represents the maximum hook load of 125 tons force[5]:
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F320, where 320 represents the maximum hook load of 320 tons force[6].

The problem of designing, choosing and using a drilling installation, comes to the
capabilities the installation will have to construct a well according to a casing program. Therefore, it
IS necessary to correlate the parameters of the drilling or intervention installation and its component
machinery, as well as some of its characteristics, with the construction data of the well to be drilled
or the well on which intervention for repair operations will take place. [1].

The essential parameter in characterizing a drilling installation is the hook load. Depending on
the main operation, its timing, and the way it is applied, the greatest load during that operation can be:
[1]:

-The normal useful hook load, given by the heaviest string of pipes, in static conditions;

-The maximum useful hook load, given by the heaviest drill string, in dynamic conditions.

The standardized measure of the maximum working load determines the standardized selection
of the drilling installation, along with all the corresponding equipment recommended in the standards.

Recently, there has been a diversification of standardized measures due to discrepancies in
regulations from different countries, thus we encounter installations in current production [3, 4, 5, 6]
of 28 tf, 30 tf, 32 tf, 40 tf, 48 tf, 50 tf, 60 tf, 65 tf, 70 tf, 80 tf, 100 tf, 125 tf, 150 tf, 160 tf, 180 tf, 200
tf, 225 tf, 250 tf, 320 tf, 350 tf, 400 tf, 450 tf, 500 tf, 650 tf, 720 tf, 950 tf.

One of the pieces of equipment directly determined by the maximum load is the mast, the main
element of the handling equipment (cable, swivel, crane-hook assembly, drilling winch, mast or
derrick).

In 1825, L. Disbrow patented the first four-legged mast that could be dismantled, made from
wooden beams,[7]. We can say steel masts are based on the patent obtained in 1908 by Lee C. Moore.
Lee C. Moore also created the cantilever mast in 1937, which could be raised as a single piece [8].
Transportable masts were introduced by George E. Failing in 1960, when he mounted a mast on a
Ford truck [7]. In 1960, Smith Richard filed a patent for a transportable mast, easy to assemble and
disassemble, adaptable to uneven terrain, for which he received a patent in 1965 [9].

The Petroleum-Gas University of Ploiesti has extensive experience in Studying the operation
of masts. Notable are the PhD theses guided by Professor Posea Nicolae, such as "Contributions to
the dynamic stability of masts” authored by Gheorghe Gherghe in 2006, [10] and "CAD/CAE
solutions for the strength and dynamics of bar structures, with application to U-shaped masts with
hydraulic motor head" completed in 1997 by Ionut Lambrescu [11] , additionally, Professor Alexandru
Anghel's research on "The dynamics of drilling installations mounted on self-supporting vehicles and
methods of assessing durability through fracture mechanics" carried out in 2003 by Constantin
Catuneanu is noteworthy. [12 ].

The diversity of transportable mast types produced by established manufacturers globally, as
well as the need to meet user requirements, necessitates continued research in this area. We believe
the doctoral thesis topic "Research on optimizing the construction of transportable masts™ addresses
these requirements. The research presented by the author in this paper is innovative, with no similar
works identified nationally or internationally.

The main objective of the doctoral thesis was to optimize the construction of transportable
masts, an objective we consider achieved through the realization of the following secondary
objectives:
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- Establishing an overload coefficient with a minimal value, recommended between 1.15-1.5.
Obviously, if we choose a high overload coefficient through design, it will result in an oversized
structure. For optimization, while maintaining the safety level in operation, a lower overload
coefficient should be selected. This secondary objective is considered achieved by adopting an
overload coefficient of 1.1875, and the modern UW48 mast structure was verified through analytical
calculations in Chapter 2 and especially through numerical calculation in Chapter 3, strictly adhering
to API 4F requirements;

- Establishing the optimal shape of the diagonals and horizontals as round bars, an objective
achieved by determining the minimum wind resistance while maintaining structural strength,
considered achieved through calculations realized in subcap.3.3 and presented in Table 3.4;

- Optimizing the wall thickness of the front uprights (M1, M4), an objective considered
achieved through analysis in subchapters 4.1 and 4.5, establishing that for the UW48 mast, the
optimal front upright wall thickness is 6 mm;

- Optimizing the wall thickness of the rear uprights (M2, M3), an objective considered
achieved through analysis in subchapters 4.2 and 4.5, establishing that for the UW48 mast, the
optimal rear upright wall thickness is 6 mm;;

- Establishing the optimal wall thickness of the horizontals, achieved by obtaining a wall
thickness of 6 mm through calculations and verifications in subchapters 4.3 and 4.5;

- Establishing the optimal wall thickness of the diagonals at 4 mm, achieved through analysis
in subchapters 4.4 and 4.5;

- Optimizing the anchoring of the mast on the chassis, determining the positioning mode of the
anchors depending on the mast's use, considered achieved through analysis in subchapter 5.2.2.

The paper spans 8 chapters, including Introduction and Bibliography as well as Appendices.

In Chapter 1 "Current state of design and construction of transportable masts", a synthesis
of mast types is made, using various classification criteria. Functional and constructional factors, as
well as the dimensions of component elements to be considered in design and mast selection, are
highlighted..

To comply with the design, execution, and operation prescriptions of transportable masts and
to ensure quality requirements, a synthesis of technical prescriptions imposed on transportable masts,
based on the author's experience, was made for each mast component. This synthesis of technical
prescriptions is a particularly useful material for specialists in the field. A series of practical
recommendations were also made regarding the maintenance and operation of masts, constituting a
useful working guide.

Chapter 2, titled "Analytical calculation of a transportable mast with a 48 tf hook load"
applies calculation theories to a predefined structure, the modern UW48 mast, part of a transportable
intervention installation. The calculation consisted of presenting the types of loads and load groupings
acting on the mast, according to the standard regulating the construction of modern transportable
masts, APl 4F. This chapter presents a calculation method for transportable masts using general
principles of material resistance. By applying material resistance theory, the mast structure is checked
under resistance conditions, resulting in covering safety coefficients for mast operation, c.r = 2.1
(for mast structure), c4,.. = 7.35 (for anchors). General and local stability of the mast was verified,
resulting in safety coefficients ¢y, = 7,17 and ¢s, = 20,42. After calculaton it was highlighted
that the diagonals and beams are very lightly loaded and can be a significant chapter in the dimensional
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optimization of the metal structure. The chapter concludes with the determination of the natural
frequency of undamped free oscillation p = 0,38 Hz.

In Chapter 3 of the thesis, titled "Static analysis of the transportable mast with a 48 tf hook
load" the constructive-functional analysis of the mast and the construction of the working model for
resistance calculation for the UW 48 mast, both in COSMOSM [13] and in ANSYS [14], are
performed. The calculation models include details of the subassemblies that make up the mast, static
behavior analysis of the mast under test load. It was highlighted that the most stressed areas of the
mast are at the bottom, in the mast's connection area with the fixed section (according to COSMOSM
calculation, 219 MPa), in the middle of the mast in the back beam area, at the base of the mast's
inclination (according to COSMOSM, 196 MPa), and at the top of the mast under the swivel area of
the rear uprights (according to COSMOSM calculation, 150 MPa). The general stability behavior
analysis determined the buckling safety coefficients, in the situation of the sinlge mast analysis
(€sing = 3,71) and the mast included in the truck chassis (€mast-sasiu = 17,51). Local stability

analysis highlighted the factor k < 1, according to Tables 3.4 and 3.5, demonstrating that the chosen
structure does not present a higher risk of local stability loss than global stability. Dynamic behavior
analysis highlighted the first 10 natural frequencies (Table 3.6), , with the fundamental frequency
being 3.72 Hz.

"Dimensional optimization of the transportable mast with a 48 tf hook load" constitutes
Chapter 4, where the influence of structural element dimensions on the overall behavior of the mast
is analyzed. Maximum stress, displacements at the swivel, and buckling deformations were
determined for optimizing the dimensions and obtaining optimal ones for the mast's structural
elements, namely front uprights, rear uprights, beams, and diagonals. Results are presented in
Appendix 4 and graphically within the chapter. The front uprights lead to an optimal (minimum) of
the maximum equivalent stress for a thickness of 6 mm, with wall thickness analyses between 4 and
8 mm. For this reason, it is recommended for each transportable mast to check thicknesses close to
(one larger and one smaller) the initially proposed one in the design calculation. It is also noted that
increasing the front upright thickness leads to a decrease in maximum displacements (but increases
total weight) from the top of the structure, but slightly reduces the critical buckling load. For these
reasons, the optimal choice producing a minimum of maximum equivalent stress is recommended.
Rear uprights' thickness increases produce decreases in maximum equivalent stress and maximum
displacements at the top of the mast, as well as reductions in the critical buckling load. However, an
inflection is observed for a thickness value equal to that of the front uprights (in this case, 6 mm). For
these reasons, it is recommended that the front uprights have the same thickness as the rear
uprights, as the slight decrease in the maximum equivalent stress value is accompanied by a "shift"
of the maximum from the lower part of the mast (from the area where it connects to the fixed section)
to the upper part (in the area where it connects to the crown block). The variation in the thickness of
the horizontals has a plateau for which the equivalent stress is minimal. It is recommended that
their thickness does not exceed the maximum value of this plateau (in this case, 6 mm), as any
increase in thickness beyond this value would result in unnecessary material consumption. The
maximum displacements at the top of the structure decrease very slightly (by 0.5%), and the critical
buckling load remains practically constant. Increasing the thickness of the rear diagonals causes an
increase in equivalent stress, a variation with maxima and minima for the maximum displacement at
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the top of the structure, while the critical buckling load remains constant. Analyzing the highlighted
increases (see Figures 4.12-4.14), it is suggested to choose the smallest thickness for these diagonals,
thus achieving material savings and reducing the weight of the mast. Although the optimal value is 3
mm for technological reasons, a value of 4 mm is recommended. The variation in the thickness of
structural elements does not substantially change the values of the first three natural frequencies (see
Figures 4.15-4.18). However, a slight increase in the first natural frequency can be observed with an
increase in the thickness of the rear uprights and a slight decrease in the second natural frequency with
an increase in the thickness of the rear diagonals. Since the difference in the values of the first three
frequencies is small, the optimal thickness of the uprights will be determined based on static or
stability conditions presented.

In Chapter 5, titled "Optimization of Mast Anchoring on the Chassis" the influence of anchor
positioning on the chassis is analyzed. Generally, drilling/intervention rigs equipped with
transportable masts are placed on several hydraulic jacks, representing "simple supports,” which are
kept on the ground by the weight of the equipment, as is the case with the front supports of the rigs,
or by the hook load in the case of supports under the mast. The strength anchors of the mast are always
mounted on the chassis of the rig in the area of the front supports. If the forces in the anchors exceed
the weight of the equipment holding the simple support on the ground, there is a tendency for the rig
to lift off the ground, with severe implications for the rig's stability. This chapter analyzes the influence
of the anchor positioning on the chassis of the rig. For lifting forces greater than 40 tf, there is a
tendency for the truck to lift off the front supports, as one of the reactions (see Figure 5.16) becomes
negative, meaning the chassis no longer presses on this support. The lifting tendency can be nullified
by mounting an additional weight (a ballast of a maximum of 1 tf) in front of the truck. The curves
represented in Figures 5.17, 5.18, and 5.19 (anchors located at 810 mm) lead to similar conclusions
as the previous ones (tendency for the truck to lift), with the only difference being that the tendency
to lift off the front supports begins to appear at higher traction force values, for this example at over
47 tf. The graphs in Figures 5.20, 5.21, and 5.22 (anchors located at 1340 mm) show that at a traction
force of approximately 40 tf, there is a tendency for simultaneous lifting off the intermediate and front
supports, suggesting that this anchor position should be avoided. The graphs in Figures 5.23, 5.24,
and 5.25 (anchors located at 1985 mm) suggest that the only lifting tendency appears on the
intermediate supports for lifting forces greater than 40 tf. This lifting tendency is less dangerous as
the structure remains supported on both the front and rear supports. The functions represented in
Figures 5.26, 5.27, and 5.28 show that as the anchoring position changes (for a maximum working
load of 50 tf), the rear supports increasingly bear the load, and the intermediate supports start to show
a tendency to lift for anchors positioned closer to the mast than those shown in Figure 5.10 (1340 mm
position). The variation in displacements shown in Figures 5.29-5.32 demonstrates that as the
anchoring position approaches the mast (wellhead), the maximum horizontal displacements at the top
of the mast increase by approximately 71% (from 35 mm to 60 mm). The variation in maximum
stresses, depending on the lifting force and anchor position, presented in Figures 5.34-5.38, shows
that as the anchoring position approaches the mast, the maximum stresses increase, approaching the
material's admissible limit. The last two highlighted aspects (increased displacements at the top of the
mast and maximum stresses at the mast base, depending on the change in anchor position) demonstrate
that the best anchoring position is with the anchors positioned as shown in Figure 5.8 (with anchors
as close as possible to the front supports). The only disadvantage of this anchoring position is the
tendency to lift off the front supports for traction forces greater than 40 tf, but this disadvantage can
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be easily counteracted by mounting a 1 tf ballast in front of the truck. This anchoring position also has
two very important advantages: ensuring a minimum of maximum stresses in the mast and minimum
displacements at the top of the mast. From the way transportable masts work, for drilling wells or for
well repairs, the analysis performed on the maximum equivalent stresses and displacements at the
crown block allows us to formulate the optimal anchoring methods:

» For well drilling, it is recommended to have the anchors as close as possible to the front
supports (the initial anchor position in Figure 5.8), as the stresses and displacements in the
mast are smaller. The discomfort caused by loading with an additional ballast at the front of
the truck is counterbalanced by greater operational safety and less mast deformation, both
during the overload test and under normal operating conditions;

» For well repairs, the anchor position as shown in Figure 5.11 is recommended because the
rigs are smaller, more operative, have fewer accessories transported with the rig, larger
displacements at the crown block do not significantly influence the production process, and
the increase in stresses in the mast structure is not so great as to become dangerous.

Chapter 6, titled "Experimental Determinations Performed on the UW 48 Mast" highlights
the experimental determinations, namely the strain gauge measurement process of the mast during a
verification test with an overload force of 56 tf. Strain gauge measurements were made during the
overload test and were divided into three significant stages::

- The stage of raising the mast from the horizontal position to the working position;

- The overload test stage;

- The stage of lowering the mast to the horizontal position.

After acquiring data from all measurement points, the corresponding stresses were calculated
(based on Hooke's generalized law) for the same axial directions of the bars. The experimental
determinations highlighted areas with maximum stresses, in accordance with numerical calculations,
namely at the bottom of the mast in the area where the mast connects to the fixed section (199.75
MPa), in the middle of the mast in the area of the rear beam at the base of the mast's inclination (70
MPa), and at the top of the mast under the crown block of the rear uprights (196 MPa). Dynamic
determinations were made for two sudden lifting/braking of a hook weight of 7 tf and 14 tf,
respectively. The results confirmed that the dynamic coefficient value remains below 1.33.

In Chapter 7, titled "Comparative Analysis of Results Obtained from Analytical and
Numerical Calculations with Values Obtained from Experimental Determinations™ a comparison is
made between the results obtained both theoretically and practically..

In Chapter 8, "Final Conclusions. Personal Contributions. Future Research Directions"
the final conclusions, personal contributions, and future research directions for transportable masts
are presented.

The research conducted during the preparation of the thesis was disseminated through the
publication of 5 articles, two of which in Scopus-indexed journals, two in BDI-indexed journals
after being presented at an international conference, and one published in the ASEM journal of the
international conference "The 2021 World Congress on Advances in Structural Engineering and
Mechanics (ASEM21), Seoul, Korea, August 23-26, 2021".
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*** ASCE/SEI 7-16, Minimum Design Loads and Associated Criteria for Buildings and
Other Structures, 2016.

*** AISC/ASD 9-th Edition, Specification for Structural Steel Buildings. Allowable
Stress Design and Plastic Design, June I, 1989.

*** SR EN 10025-1:2005, Produse laminate la cald din oteluri pentru constructii. Partea
1: Conditii tehnice generale de livrare,

lamandei A, Craciun L., Cucu V., Caiet de sarcini Mast MU 80, UPET Targoviste, 2002.
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*** SR EN 10025-3:2019, Produse laminate la cald din oteluri de constructii. Partea 3:
Conditii tehnice de livrare pentru oteluri de constructii sudabile cu granulatie fina in stare
normalizata/laminare normalizata., ASRO.

*** SR EN 10025-4+A1:2023, Produse laminate la cald din oteluri de constructii. Partea
4: Conditii tehnice de livrare pentru oteluri de constructii sudabile cu granulatie fina
obtinute prin laminare termomecanica., ASRO.

*** SR EN 10025-5:2019, Produse laminate la cald din oteluri de constructii. Partea 5:
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*** SR EN 10305-2:2016, Tevi de otel pentru utilizari de precizie. Conditii tehnice de
livrare. Partea 2: Tevi sudate trase la rece., ASRO.

*** SR EN 10305-3:2016, Tevi de otel pentru utilizari de precizie. Conditii tehnice de
livrare. Partea 3: Tevi sudate calibrate trase la rece., ASRO.

*** SR EN 10305-4:2016, Tevi de otel pentru utilizari de precizie. Conditii tehnice de
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ASRO.
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*** SR EN 10305-5:2016, Tevi de otel pentru utilizari de precizie. Conditii tehnice de
livrare. Partea 5: Tevi sudate §i calibrate la rece cu sectiune pdtrata si dreptunghiulara.
,ASRO.

*** SR EN 10305-6:2016, Tevi de otel pentru utilizari de precizie. Conditii tehnice de
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*** ASTM A370, Standard Test Methods and Definitions for Mechanical Testing of Steel
Products, 2023 Edition, September 15.
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liniare si unghiulare fara indicarea tolerantelor individuale, ASRO.
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