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Fig. 3. The regression relationship between WOB and ROP of PDC bit 

(rpm=50)

In oil and gas drilling, it is essential to maximize the

drilling process for optimal drilling performance and

minimize costs. In this paper, the drilling rate of

penetration (ROP) as main function of drilling

performance was evaluated through two different drill

bit types, including roller cone (RC) bit and

polycrystalline diamond compact (PDC) bit. Sandstone

was used as the testing rock, representing a tight and

low permeability isotropic formation. Several sets of

weight on bit (WOB) and rotary speed (rpm) under the

same condition of water flow rate (FR) were applied.

The applied load on bits for WOB and operational rpm

were recorded, rate of penetration (ROP) and depth of

cut (DOC) were calculated in all tests. A comparative

study was conducted, and drilling performance was

evaluated based on drilling parameters and drill bit

type.

Fig. 1. Large drilling simulator (LDS) in Drilling Technology Laboratory

• Effect of applied drilling WOB and ROP • Effect of applied drilling rpm on ROP

• The drilling rate of penetration (ROP) was found to

be primarily dependent on the rotary speed (rpm),

weight on bit (WOB) and type of drill bit.

• The regression analysis shows exponential

relationships between WOB and ROP of both PDC

and RC bits. The influence of WOB tends to

increase with the increasing of WOB itself.

• The regression analysis exhibits different

relationships between WOB and ROP when a high

rpm is adopted at 50. As for PDC bit, the

corresponding ROP increases first with A strong

exponential relationship. When drilled with a RC bit,

the RC bit reaches the founder point due to the bit

balling.

• The exponential relationships were found between

ROP and rpm of both PDC and RC bits are non-

linear and the ROP increases with the increment of

rpm. The effect of rpm becomes larger with the

increasing of rpm itself when drilled with a PDC bit.

• In medium-hard and non-abrasive formations, the

PDC bit tends to have better performance than the

RC bit. As for sandstone, a strong linear relationship

of ROP was found between PDC bit and RC bit. The

ROP of PDC bit is around two to three times of RC

bit, which indicates the high fitting degree and

means the new correlation has the advantage of

being developed for specific type of rock

(sandstone).

Fig. 2. The regression relationship between WOB and ROP (rpm=10)

• RPM was at 10, while the WOB increased from 2 kN

to 6 kN to investigate the ROP performance under

low rpm.

• WOB was at 4 kN and the rpm varied from 20 to 50

to study the effect of rpm on ROP.

• RPM was at 50 and the WOB increased from 5 kN

to 10 kN.

Fig. 4. The regression relationship between WOB and ROP of RC bit 

(rpm=50)

• Effect of drill bit type on ROP

Fig. 5. The regression relationship between rpm and ROP (WOB=4 kN)

Fig. 6. Correlation of ROPs of PDC and RC bits (rpm=10)

Fig. 7. Correlation of ROPs of PDC and RC bits (rpm=50)
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