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Background

 Motor-manual tree felling 
is a dangerous task 

 (>40% of fatalities in NZ)

 Mechanize felling task

 2010 (23%)  2016 (57%)

 Improved productivity

 Improved safety!

 The transition to Winch-
assisted felling

 >60 machines in operation



Introduction

 2 systems developed in NZ 
mostly type A (dynamic)

 Use excavator or bulldozer as 
anchor/winch machine

 Wire rope is an important part 
of the system

 Also the end connectors!



The Problem

 Wire Rope

 Machines use same 
ropes as cable logging 
systems

 But application is very 
different…

 Visual inspection is 
difficult

 End connectors

 “System is only as 
strong as weakest link”

 Many available/in use

 All have different 
strength & 
characteristics

Courtesy EMS Ltd.



Objectives

 Wire Rope

 What is their mode of deterioration?

 Abrasion? Fatigue? Corrosion?

 How long do they last?

 End connectors

 Which are preferred and why?

 What are their advantages/disadvantages

 What is the strategy for inspection & 
replacement?



Methods

 Non-destructive electro 
magnetic testing (NDT) on 6 
systems

 # of broken wires (LF) & 
location

 Loss in metallic area (LMA)

 Aggregate surface roughness 
(WRR)

 ISO 4309 inspection criteria

 Survey of 8 “experts” on 
winch-assist applications

 Discuss advantages & 
disadvantages

 Suitability and recommendation



The Machines: Total 6 (4 types)



Results: NDT Scanning



Results: Wire rope & machine use

 Rope Diameter (22,25 & 28 mm)

 Initial length (300-500 m)

 Hours of use (190-1,500)

 Number of operators on machine (Usually 
1 or 2)

 Operator Experience (14 yrs on machine)

 Does rope bend around trees?

 Commonly (only 1 machine tried to avoid)

 Does rope ever catch machine?

 Initially while learning (now rarely)



Results: NDT Scanning
System System 1 System 2 System 3

Winch Single Front Winch Back Winch RH Winch LH Winch

Rope diameter 28.6mm 22.2mm 22.2mm 25.42mm 25.45mm

Rope length (m) 241 263 263 380 380

Rope condition Used Well Used Well Used Used Used

Wear Normal/

Medium

Medium/

Heavy

Medium/ 

Heavy

Medium Medium/

Heavy

No. broken 

wires

3 10 6 5 4

Locations (m) 48, 142, 146 7, 14, 64, 

114, 134, 264

9, 20, 70, 98 116, 176, 

245, 256, 

291

150, 197, 

211

Result PASS FAIL FAIL PASS PASS

Reason Valley Breaks cause for 

failure

Notes Dry at front 

end

40m 

flattening 

at back 

end

1500 hrs 500 hrs 480 hrs



Results: NDT Scanning
System System 4 System 5 System 6

Winch Single Back Winch Front Winch LH Winch LH Winch

Rope 

diameter

29.04mm 22.81mm 22.69mm 22.49mm 22.21mm

Rope length 453 260 260 350 348

Rope 

Condition

Good Good, Used Good, Used Good New with 

mechanical 

damage

Wear Normal/

Medium

Medium Medium Medium None (new)

No. Broken 

wires

2 0 1 0 3

Locations 365, 418 247.5 54

Result PASS PASS PASS PASS FAIL

Reason Mechanical 

damage at 

54m

470 hrs 480 hrs 190 hrs



Results: Is this a suitable end connector for WA?

Spelter Socket

Wedged Socket

Split Wedge Ferrule Flemish Eye

Soft Eye With Pressed Ferrule

Logger’s Eye SpliceYes = 5, Unsure = 2, No = 1

Yes = 4, Unsure = 0, No = 3

Yes = 4, Unsure = 1, No = 1

Yes = 8, Unsure = 0, No = 0

Yes = 3, Unsure = 1, No = 2

Yes = 4, Unsure = 3, No = 0



Split wedge ferrules

 (+) Common & quick installation

 (+) Light weight, easy to inspect & can be pulled 
through sheaves

 (-) Not designed for (sheaves & swaged rope)

 (-) Incorrect fitting causing strand breaks?

 (-) Some early failures for unknown reasons (QC?)

Yes = 4, Unsure = 0, No = 3

https://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwix4Mud4sTWAhWJthoKHXE0BmUQjRwIBw&url=https://www.logger.co.nz/product/wedge-ferrule-spiral-26mm-lj8/&psig=AFQjCNGA6e6t9mdTpYXXOqCdzIgzOB_n-Q&ust=1506581097883291
https://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwix4Mud4sTWAhWJthoKHXE0BmUQjRwIBw&url=https://www.logger.co.nz/product/wedge-ferrule-spiral-26mm-lj8/&psig=AFQjCNGA6e6t9mdTpYXXOqCdzIgzOB_n-Q&ust=1506581097883291


Logger’s eye splice

 (+) Splicing time not such an issue (15-20 min or 
<10 if highly skilled)

 (+) Balancing strands not as critical as thought 
(Tuor 2016)

 All failed at last tuck, unbalanced failed at similar tensions

 (+) Often removed from service before issues with 
eye deformation

 Pulled through dirt & tucks dislodged

Yes = 8, Unsure = 0, No = 0

Tuor 2016



Results: Preference & Replacement Strategy

 Preference

 Logger’s Eye Splice! 

 As initial (3) & replacement (3)

 Inspection Interval

 Daily quick check regardless of type!

 And…any time operator could have damaged

 More intense inspection weekly/monthly (external 
party inspection?)

 Replacement Strategy

 “It depends”

 Currently conservative

 Does the rope wear out first?



Conclusions: Wire ropes

 Most ropes are wearing well 

 Some >1,500 hrs

 Mode of deterioration

 Abrasion = minimal 

 Bending fatigue = minimal (50% were visible!)

 Corrosion/heat damage = minimal (internal & external)

 Loss of metallic area = minimal (2%)

 Mechanical damage & end connector replacement 
 shortening rope  replacement

 Trend to increase rope capacity (400  500m)

 Some drum crushing observed 

(> potential with higher drum capacity?)



Conclusion: End Connectors

 Variety in use all have their own (+/-)

 Find niche based on machine type and operator 
preference

 Most prefer to use damage criteria rather for 
replacement than hours of operation

 Changing conditions & non-cyclic nature of operation

 Replacement of both end connectors & rope 
continues to be conservative

 Still uncertainty around service life!



Questions?
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