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The S.T.I.G.E. project - Why Electric?

• Sustainability
– No air pollution

– No noise

– Higher efficiency
• Lowest GHG emissions

• Opportunities
– Automation possibility

– Precise measurements & telemetry
• Remote diagnostics

• Industry 4.0

– Reduction of maintenance
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The S.T.I.G.E. project - Why today?

37° INTERNATIONAL NO-DIG Conference & Exhibition – 30th September, 2019



37° INTERNATIONAL NO-DIG Conference & Exhibition – 30th September, 2019 4

Operator

Battery

Power 
converter

E-Motor 
(AC/DC)

Control Machine

Aux. systems

DC-Bus

ωref Tref
vref*

T (or i)

ω

E-Driver



37° INTERNATIONAL NO-DIG Conference & Exhibition – 30th September, 2019 5

The S.T.I.G.E. project – Which drives?

• Target

– Target: 100% full electric

– Duration: up to 8 hours

– Working cycle: similar as
diesel ones

Traction

Main rotary

Exacavation
fluid pump

Push-pull

Auxiliaries
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Efficiency

Conventional «driveline» efficiency

• Oleodinamic transmission: 60-65%
• Overall mechanical : 85%

Final efficiency:
=< 50%

Full electric drive
• Motor- inverter unit: 85-90%
• Overall mechanical: 80%

Single drive characterization

Drive Max load Minimum load

Rotary 45 kW 0,5 kW

Thrust 12,5 kW 0,35 kW

Excavation fluid
pump

23 kW -

Auxiliary
oleodinamic

pump

10 kW -
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Energy consideration

Final efficiency:
> 70%



Example – design of MAST unit
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Main drilling unit
MAST

Mast structure

Rotary

Drill rods

Loader

Thrust unit

Update of existing components

Motor 
assessment

• Engineering of 
new Electric 
unit
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Load cycle assessment

• How to choose components?

– Energy storage: cost, mass and volume 
balance

– Drive units: use 
nominal/maximum/typical torque?

Torque assessment model

𝑀 = 𝑐′ ∗ 𝑃𝑎𝑝 ∗ 𝑛𝑏 ∗ 𝐿𝑑 ∗ 𝑒𝑝∗𝐾𝐿 ∗ 𝐷𝑖
𝑓
∗ 𝑊𝑔 ∗ 𝑉ℎ [𝑁𝑚]

Baumert, 
2004

Faghigh, 
2017
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Typical cycle proposed for sizing

• Working cycle
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Fast carriage return

Clamp release

Shaft substitution

Shaft lock

Shaft unlock

Clamp Closure

Shaft torque

• 6000 Nm - 30 rpm 
• 1500 Nm - 180 rpm

Thrust expectations

• 100 kN @ 5m/min 
• Fast movement: 50 m/min
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Estimation of expected power cycle

Energy needed for a workcyle (rotary and trust, 40 rods)

𝑾𝒕 = 𝑊𝑡ℎ𝑟𝑢𝑠𝑡 +𝑊𝑠ℎ𝑎𝑓𝑡 ∗ 𝑛𝑠ℎ𝑎𝑓𝑡𝑠 = 𝟗𝟕 𝒌𝑾𝒉

+
Energy necessary for traction, pumps, auxiliaries..

• Final mass: 1800 Kg
• Cell volume: delle celle 0,8 𝑚3

Battery LiFePO4   

Minimal energy needed (rotary): 100 kWh
With traction and auxiliary units: +60 %
Battery energy reserve: +10%
Total: 180 kWh - minimum

-10

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

8s 8s 10s 16s 12s 4s

48s

8s 8s 8s2s 16s 10s 8s 4s

48s

kW

kW
Reaming

Pilot drill

Cycle per a single shaft

37° INTERNATIONAL NO-DIG Conference & Exhibition – 30th September, 2019



11

Alternatives for motor drive

Peak torque600 Nm 
Max speed 3500 rpm
(limited by reducer)

Continous power 40 
kW

Mass 230 Kg 
Depth 670 mm
Diameter 385mm

80V electrical system
Good cost/performance 

quality

Three phase Induction (rare earths free) Permanent magnet sinchronous machine
Axial flux type

Peak torque 790 Nm
Max speed 3250 rpm

Mass 37 kg
Diameter 368 mm
Depth 98 mm

Continous power
70kW

High voltage bus 350/700 V
Cost increase
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Motor and drilling unit matching
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New components for drilling units

Joint

Intermediate shaft

Gearbox E.G.T.  𝝉=
𝟑. 𝟏

2-stage planetary gear RR510D 
𝝉 = 𝟏𝟑. 𝟔 𝑇𝑛𝑀𝐴𝑋 = 3700 𝑁𝑚

Von Mises @ 3.5g, vertical

Motor flange

MESH

YASA 750 V

FEM verification
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Thrust unit
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BEST MOTOR - Specifically adapted motor

Specification achieved

2-stage planetary gear RR810
𝝉=27,35

Induction motor
Nominal power 12 Kw
Max 2450 rpm
Mass 61 kg 

Connection plate

Shaft

Drilling
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Final observation

Next steps
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Noise & air pollution reduction

Reduction of oleodinamic devices

Increase machine efficiency

New possibility for control, measurements and peak
performances

• Prototype build up

• Real-world testing and data validation

• Design revision

• …production?
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