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EXECUTIVE SUMMARY 

Felling heads are machinery used to mechanically fell trees, comprising a set of grapple arms and a 
felling device, often a chainsaw. A range of felling head variations are used around the world. In New 
Zealand, the most widely operated are “dangle” felling heads, where the head dangles on a freely 
rotating link from the end of the boom/stick of the base machine. Fixed felling heads are an 
alternative, using a hydraulic ram between the boom and the felling head to control the movement 
of the head. Fixed felling heads allow the felled tree to be held onto during felling, thus reducing the 
velocity of the tree’s fall, and reducing the likelihood of stem breakage. Although fixed felling heads 
are not widely used by the forest industry, they are becoming more common in New Zealand, with a 
handful of harvesting crews opting to use them. This project presents the productivity, stem breakage 
and operator views from three New Zealand harvesting operations that were using fixed felling 
heads.  
 
A time study to determine the productivity of fixed felling heads was carried out across the three 
operations, with varying stand characteristics. The small end diameter of each stem measured by 
the processing machine at each operation was obtained to indicate whether stem breakage 
occurred. Lastly, machine operators and owners of the crews were surveyed for their opinions on 
fixed felling heads. 
 
Site 1 was in Te Pōhue, Hawkes Bay, and was a road-lining operation on rolling country. The stand 
was Radiata pine stocked at 369 stems per hectare (stems/ha) with an average piece size of 1.75 
cubic metres (m3). Felling at this site took an average cycle time of 40 seconds (s) with machine 
utilisation of 82%, resulting in productivity of 191 cubic metres per productive machine hour 
(m3/PMH).  
 
Site 2 was in Kohatu, Nelson, and was a cable yarding operation with an average slope of 45%. The 
crop was Douglas fir stocked at 573 stems/ha, with an average piece size of 1.12 m3. Site Two 
average cycle time for felling was 35 seconds with machine utilisation of 79%, resulting in productivity 
of 145 m3/PMH.  
 
Site 3 was also in Kohatu, Nelson, and was a winch-assisted cable yarding operation with an average 
slope from 57-70%. The crop was Radiata pine stocked at 260 stems/ha, with an average piece size 
of 2.0 m3. Site 3 returned an average cycle time of 52 seconds and utilisation of 71%, resulting in 
productivity of 194 m3/PMH.  
 
Analysis of the cycle times reflected that in good conditions fixed felling heads can effectively fell 
and position stems at a consistent rate with little variation. Denser undergrowth was the main cause 
of slower cycle times as the time taken walking to and clearing around the tree was heavily affected 
by stocking. 
 
A visual assessment was carried out during the time study to determine whether the stem breakage 
measured by the processor was caused by felling or extraction. Stem breakage from felling appeared 
to be less than stem breakage from extraction at all sites. This was partially confirmed in the 
processing data at Site Two which suggested a significant reduction in stem breakage through use 
of the fixed felling head. 
 
Overall, data showed that fixed felling heads were productive at a range of different sites with varying 
stand characteristics in New Zealand. The operator’s opinions reinforced that fixed felling heads 
present a range of advantages, including controlled and directional felling, the ability to prepare 
bunches for extraction, and a reduction in stem breakage. All operators surveyed recommended 
fixed felling heads to other harvesting crews, provided the harvest operation was suited to the use 
of fixed felling heads.  
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INTRODUCTION 

Tree felling is one of the early steps in the forest harvesting process (Lambert, 1996). The task of 
tree felling is known to be a high-risk activity, meaning there has been multiple initiatives to take 
chainsaws out of the hands of forest workers and put the operators into machines instead. The 
mechanisation of felling has also seen a significant increase in productivity. A range of harvesting 
machinery and attachments have been developed, all offering different advantages and 
disadvantages for different activities. 
 
Mechanised harvesting is defined as a forest operation that involves the use of machines to complete 
the felling, delimbing and/or processing of plantation trees (Competenz, 2005a). For the last 50 years 
in New Zealand, there has been an increase in mechanisation of harvesting operations, which 
started with shear type felling heads in the early 1970’s. There is an extensive range of benefits that 
are almost common knowledge to the industry, including high production, felling and delimbing 
quality, environmental benefits and better working conditions (Competenz, 2005a; Competenz, 
2005b). 
 
In mechanised felling, a felling head is the piece of equipment mounted to a machine to carry out 
the severing of a stem and bringing the stem to the ground, ideally without breakage. One type of 
felling head gaining popularity in New Zealand over recent years is the fixed felling head, which 
provides some control over the tree when it is falling with the support of a hydraulic ram on the boom, 
as shown in Figure 1. This means the operator can direct and place the stem down slowly as the 
tree is felled, with the objective that the stems are less likely to break.  
 

 

Figure 1: Example fixed felling head on base machine, with the hydraulic ram on the boom circled. 
(Retrieved from U.S Forest Service). 

 
The introduction of fixed felling harvest heads into New Zealand dates back to the 1980s, where the 
felling heads were initially used for production thinning and clearfell of minor species (Gleason, 
1986). In more recent times, fixed felling heads have become more widely used throughout New 
Zealand with fixed felling heads that can be used in clearfelling operations with larger trees. With 
this introduction, a survey in 2021 identified that there were varying views on the applicability of fixed 
felling heads in all harvesting operations (Prebble, 2021). In this survey, harvesting contractors and 
operators often believed that although the fixed felling heads had bunching ability and reduced stem 
breakage, they were limited by their inability to shovel log (moving of logs to a new location via 
successive swinging of the tree), that they had a high cost and little control over larger trees.   
 
Despite the increase in fixed felling head applications across New Zealand, there is still little 
accessible data regarding the productivity of fixed felling heads, and little information on their impact 
on stem breakage. This project addresses this gap by completing a time study to measure felling 
head productivity, an analysis of stem breakage from extraction data, and a survey of contractors 
and operators. 
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LITERATURE REVIEW 

Felling head selection in New Zealand 

The action of tree felling aims to aid subsequent extraction by felling a tree in such a way that the 
following operations are assisted as much as possible (Raymond, 2012). This aim can often be 
satisfied when applying mechanised felling as the machine has more control on where the tree will 
be placed than manual felling. The felling machinery can be characterised by machine size, machine 
function and type of felling head. However, machine size and function has little variation in New 
Zealand, with most of the felling machinery being excavator-based. Felling heads are the main 
distinguishing factor between different felling machines.  
 
Felling heads can be split into three classes: feller directors, feller bunchers and feller processors 
(MacDonald, 1999). Feller processors combine the falling and log-manufacturing functions into one 
machine. Feller processors can delimb stems and cut them into the desired log lengths. Feller 
processors are popular overseas for cut-to-length operations. In New Zealand, the more common 
name for a feller processor is a harvesting head, and feller directors are often called feller-bunchers. 
A popular manufacturer of these types of felling heads is Waratah, and they are commonly used 
across the country and across the world. Feller processors are predominantly “dangle” felling heads. 
Feller bunchers can fell trees and can also pick up multiple stems at a time to place them into 
bunches. This makes them suitable for cable yarding operations, as it helps present bunches to the 
yarder. Feller bunchers are often fixed felling heads. Lastly, feller directors only fell, and they can 
direct the fall of the tree to a desired direction. Although they can direct the tree, they cannot control 
the falling of the tree, like a fixed felling head. They are mainly “dangle” felling heads. 
 
With the increased introduction of fixed felling heads in New Zealand, it was identified that there was 
a range of views on the machine’s applicability (Prebble, 2021). In this study, a total of 28 individuals, 
including owners, operators and managers of fixed felling head machines were surveyed to gain a 
greater understanding of these views. This project was identified in a 2019 study on the fixed felling 
head's impact on stem breakage (Prebble and Scott, 2019). It was found that the introduction had 
mixed responses across the industry with 50% saying it was well suited to their operation, and 34% 
believing the fixed felling head was unsuitable. In terms of the machine’s capability, the study 
identified several perceived advantages which included reduced breakage, better environmental 
outcomes and improved value recovery. However, in the opinion of some operators, fixed felling 
heads had shovelling and reach limitations, had higher costs and lacked sufficient control over larger 
trees. An interesting finding from the survey was that it highlighted that much of the success of fixed 
felling heads in crews was due to operator recruitment, training and skill and that experience in 
“dangle” felling heads did not seem to make an ideal fixed felling head operator.  

Stem breakage 

Stem breakage was first studied in manual tree felling. Murphy and Gaskin (1982) tested the 
hypothesis of directional felling reducing the damage on trees on a 41-year-old Radiata pine stand, 
finding 92% to 99% of stems breaking. Four different felling arrangements were trialled which 
included downhill crossed, downhill parallel, across slope and uphill 45%. In this study the most 
common cause of breakage was crossed stems, amounting to 54-72% of trees felled. However, 
across slope and uphill had a only small reduction in breakage probability of 92% compared to 99% 
downhill. 
An extensive study was carried out by Fraser et al. in 1997, reporting on the tree breakage for 1000 
manually felled trees. In this study, a stem was considered to have broken if the diameter at the first 
break was greater than 10cm. The percentage breakage ranged from 10% to 98% across different 
sites. In this study the authors identified that the most significant variable affecting the probability of 
breakage was tree height, followed by site. Results showed that smaller trees broke less, with the 
mean tree height and DBH notably smaller in the unbroken trees. In addition, two characteristics that 
were identified that may reduce tree breakage were branching and felling angle, as sites that had 
low percentage breakage had combinations of heavy branching or low felling angles. 
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The shift from manual felling to mechanised felling was mostly driven by improved worker safety 
when operating. This is relevant for tree felling because the most practical way to fell a tree manually 
on steep country is to fell in the direction of the slope, as the tree will tend to be leaning that way 
already (Murphy & Gaskin, 1982). In this study, it was noted that only 78 of the planned 200 trees to 
be felled uphill were felled with no reduction in breakage being recorded, and the operation was 
considered too dangerous and time consuming to continue. The literature highlights that in 
mechanised felling the operator can more easily control the trees placement, which should reduce 
the very high breakage rate of manual felling. Raymond (2012) discussed Radiata pine’s 
susceptibility to breakage during felling, concluding that the only practical way to consistently gain a 
reduction in breakage is to use cross-slope mechanised felling.  
 
However, mechanised felling is not immune to tree breakage, and the reduction in tree breakage 
when comparing manual and mechanised felling varies. A study done by Andrews (2015) compared 
three felling arrangements: motor manual, mechanised felling out of the stand and mechanised 
felling into the stand (“dangle” felling head). Interestingly, motor-manual felling had the smallest 
number of stem breakages at 73%, which was followed closely by mechanised felling out of the 
stand at 76%, and lastly mechanised felling into the stand at 94%. A notable point from this study 
was the significantly high break percentage for mechanised felling into the stand, likely due to the 
trees striking standing trees when falling.  
Lambert (1996) found a higher percentage of breakage from mechanised felling with a “dangle” 
felling head than Andrews (2015), ranging from 84 to 100%. This range was mainly due to the 
variation in machines and machine operators, with the Timbco One machine having the least stem 
breakage at 84%. The findings from this study were that the largest known causes of breakage 
across all machines were from hitting felled logs or hitting stems, which is consistent with Andrews 
(2015).  
 
From these studies, it is evident that neither motor-manual nor mechanised felling with a “dangle” 
head have significant advantages over the other with regards to a reduction in stem breakage. This 
subsequently leads to the question of whether fixed felling heads reduce stem breakage? A fixed 
felling head has control over the tree when it is falling, meaning that it can place the stem down 
slower once felled. A study comparing “dangle” and fixed felling heads showed that the small end 
diameter (SED) of the stems felled using a fixed felling head were consistently smaller than the 
stems felled with a “dangle” felling head (Prebble & Scott, 2019). This result was gained from the 
harvester's wood flow management software (STICKS) data (Figure 2). The trend shown is further 
emphasised knowing that despite that the trees felled with the fixed felling head data had a larger 
piece size, the average SED was still 27% lower than that from the “dangle” head data. It was 
concluded that a smaller SED meant the break height was much further up the stem, and that there 
was less breakage. The average merchantable stem length for the “dangle” head was 16.05m 
compared to that of the fixed felling head of 22.5m.   

Figure 2: STICKS analysis data of small end diameter class comparison of fixed versus “dangle” 
head harvesters (Ref: Prebble & Scott, 2019). 
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Productivity 

As new technologies enter the industry, it is important to optimise their productivity by understanding 
the parameters that affect each technology’s productivity. Harvesting machinery is influenced by 
stand and terrain variables. Within those, certain variables have a greater effect than others. A 
notable parameter identified by multiple studies is the effect that piece size has on productivity. 
Productivity of harvest operations increases with increasing piece size to an optimum, then 
productivity decreases with increasing piece size (Visser, 2009). See Figure 3.  
 

 

Figure 3: Basic relationship between piece size and productivity (Ref: Visser, 2009). 

 
Four mechanised felling and/or processing operations were evaluated via a time study to greater 
understand the effect of piece size on productivity by (Visser et. al., 2009). The Waratah 624 
harvester had a piece size ‘sweet spot’ of around 2.2m3, but not all machines showed a clear 
optimum because their productivity did not clearly decline This study was further expanded with two 
more JD 758 dedicated felling machines being evaluated in Italy and their results compared (Visser 
& Spinelli, 2011). The machines studied in Italy had a smaller piece size and correspondingly lower 
productivity, up to 6.5 times less than the maximum productivity in New Zealand.  
 
Fixed felling heads are not uncommon internationally. The Pacific Northwest and Europe often use 
feller-bunchers, which are a type of fixed felling head. A study done in in Turkey aimed to determine 
the productivity of mechanised harvesting machines and collected a range of cycle time data for 
different feller bunchers on a 35% slope (Abdullah et al., 2004). They had a productivity ranging from 
60 - 75 stems felled per hour, with a piece size of 0.68, and a productivity of 40.8 - 51 m3 per hour. 
A summary of results is shown in Table 1.   
 

Table 1: Cycle times for specific feller bunchers (Average slope = 35%) (Ref: Abdullah et al., 2004). 

 
 
Another study completed in Tasmania measured the productivity of a self-levelling feller-buncher 
using LiDAR and found that an average productivity of 73 m3 per productive machine hour (PMH) 
was achieved at a piece size of 0.53 m3 and slope that ranged from 32 – 50% (Alam et al., 2013). 
 
Although both these studies reflected the capable productivity values on moderate to steep slope 
harvesting operations, the piece size was too small to compare to New Zealand plantation forestry. 
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This highlights the importance of this current study, which aims to gather productivity data on fixed 
felling heads that is relevant to New Zealand’s forest industry. 

OBJECTIVE 

The aim of this study is to investigate three different harvest settings that make use of fixed felling 
heads to determine the harvester's productivity, and the impact felling with a fixed head has on felling 
induced stem breakage. This information will be used to compare against existing felling head 
alternatives to better understand the fixed felling heads capability in mechanized harvesting 
operations.  This will benefit the industry in providing beneficial data that can be compared to existing 
productivity studies, and the productivity of existing crews' systems. 
 

Additionally, a survey will be carried out to gain greater insight into contractors’ and operators, overall 
impressions of fixed felling heads and whether they consider fixed felling heads to be capable pieces 
of logging equipment.    
 

METHODS 

Site and machine descriptions 

Three different harvesting operations were studied to gather a range of data at multiple sites. This 
ensured the data was not biased towards optimal operations that overly suited the fixed felling head, 
unfairly representing its capability. Upon the arrival at each study site, its site characteristics were 
recorded including slope, stocking, weather conditions, piece size and soil type. As well as this, stand 
characteristics were recorded such as age, mean top height (MTH), pruning regime if applicable and 
basal area to aid in drawing relationships in the results. 

Site 1 – Napier 

The first study was conducted in Te Pōhue, 45 mins Northwest from Napier, along State Highway 5 
on the way to Taupo. The forest was owned and managed by Rayonier Matariki Forests. The crew 
studied was Lew Prince Logging Ltd, which has both ground-based and hauler crews. The operation 
studied was a road line felling in preparation for roading upgrade and skid installation. Figure 4 shows 
the crew's felling machine in operation at Site 1. 
 

 

Figure 4: Felling machine operating in action at Site 1. 
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The forest was a 24-year-old Pinus radiata stand with an average stocking of 370 stems/ha, MTH of 
38 m and an average piece size of 1.75 m3. Throughout the course of the time study at Site 1, the 
weather stayed clear and sunny with no wind, and the temperature averaged 15°C. The soil itself 
was comprised of orthic pumice soil and was relatively dry. The slope was mainly rolling country and 
predominantly flat, with the slope not going above 9 degrees (~16%). Upon initial inspection, this 
operation setting meant that a number of stems in this study were large with heavy branching, which 
was a characteristic that was recorded and later analysed.  
 
Lew Prince Logging’s felling machine was an Eltec 316 base machine with a Quadco QB4400 fixed 
felling head attached (Figure 5). The Quadco felling head weighed 3.3 tonnes, with an open-close 
diameter of 170-1400 mm, a 60cc motor and 255 degrees of saw bar rotation. The Eltec 316 base 
machine weighs around 36 tonnes and has a boom reach length of 7 m. 
 

 

Figure 5: (a.) Lew Prince Logging’s felling machine. (b.) close up of the felling machine’s Quadco 
QB4400 felling head. 

Site 2 – Nelson 1 

The second study was conducted on the Spooners Range in Kohatu, 40 minutes south of Nelson. 
The forest is owned and managed by OneFortyOne. The crew studied was Hightrack Harvesting, a 
fully mechanised hauler crew.  
 
The forest was a 34-year-old Douglas fir stand, with an average stocking of 573 stems/ha, a MTH of 
33.5 m and average piece size of 1.12 m3. The weather was mainly clear with little wind, and an 
average temperature of 15°C. The soil properties were moderately well drained clay over loam to 
loam over clay. 
 
The stems studied over two days were situated on a slope with an average grade of 24 degrees 
(45%). The face was located separately from the rest of the harvesting system as the rest of the 
crew was still hauling in another gully before they could move to the setting in question. Figure 6 
shows the main slope angle felled during the time study. At this site, the operator described that the 
yarder would be placed at the top of the hill (top right of Figure 6). It was important for the operator 
to ensure the butts of the stems were lying towards the location of the hauler, and that the stems 
were presented in bunches making extraction faster and more efficient. 
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Figure 6: Felling machine’s main work area at Site 2. 

 

Hightrack Harvesting’s felling machine was an Eltec 316 with a Woodsman Pro CFH1400 controlled 
felling head (Figure 7). The Woodsman Pro weighed 3.2 tonnes, had a 1400 mm max cut diameter, 
60cc motor, and 243 degrees of saw bar rotation. 

 

Figure 7: (a.) Hightrack’s Felling machine. (b.) Close up photo of the Woodsman CFH1400 Felling 
head. 

Site 3 – Nelson 2 

The third study was conducted again on Spooners range in Kohatu, 40 minutes south of Nelson. 
This forest is owned and managed by OneFortyOne. The crew studied was Endurance 
Logging/Barnes Grapple Yarding, a fully mechanised hauler crew.  
 
The forest was a 26-year-old Radiata pine stand, with an average stocking of 260 stems/ha, a MTH 
of 40 m and an average piece size of 2.0 m3. The weather while conducting the time study at this 
site varied, with a clear day with little wind on day 1, but rain all of day 2. The soil profile was the 
same as Site 2’s, with moderately well drained clay over loam to loam over clay. 
 
The crew was situated on a steep slope block with slopes ranging from 30-35 degrees (57-70%). 
Due to the steepness of the slopes, the crew was opting to perform winch-assisted felling for this 
forest. Figure 8 shows a wide shot of the felling machine felling, while being tethered to the winch-
assist machine, which remained in the position shown for the majority of the study. Similarly to Site 



 

11 
H071 Fixed Felling Heads_Stanley Archibald_G10.docx 

2, the operator was keeping in mind the positioning of the trees, aiming to position the butts of the 
stem bunches in the direction of the other side of the gulley where the hauler would be situated.  
 

 

Figure 8: Endurance Logging’s felling machine in action at its main work site (Site 3). 

 
Endurance Logging’s felling machine was a Tigercat 855 base with a Quadco 4400QB fixed felling 
head attached, the same felling head as Site 1 (Figure 9). The operator of the felling machine was 
the owner/operator of the machine as they had part ownership in it. The Tigercat 855 base machine 
weighs around 30 tonnes and has a boom reach length of 4 metres. 

 

Figure 9: (a.) Endurance Logging/Harmon Harvesting’s felling machine. (b.) Close up photo of the 
felling machine’s Quadco 4400QB fixed felling head. 

Productivity analysis 

To find the productivity of the fixed felling machines, a time study was carried out at each site. A 
stopwatch was used to track cycle times. The machine's work cycles were timed, including walking 
to the tree, felling it, and placing it in its chosen position. The work cycle was split into elements as 
stated below to help understand the distribution of time spent across each element, and in total. 
 

• Walking to/between trees 
Where the machine walks and positions itself correctly to prepare itself to fell the tree. 
 

• Felling and placing 
The element of the machine actively felling the tree, and the time for it to be placed in its 
final position for extraction. 
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• Bunching 
This element describes when the operator specifically takes time away from felling trees to 
correctly realign and present stems in bunches for extraction, which is separate from when 
the positioning is done when initially placing. 

 
Throughout this work cycle, there was a chance that delays would be incurred while operating. When 
they occurred, the work cycle time was paused, and the delay was measured and noted so that 
delays did not skew the work cycle time. From there, the total delay times were calculated. 
 
Once the data from a site had been retrieved, the following calculations were made:  
 

• Average time to complete each element in the work cycle 
Calculated by averaging the recorded time taken for each element stated above. 
 

• Average cycle time 
Calculated by averaging the total cycle time recorded for each cycle. 
 

• Productivity (stems/SMH) 
Calculated by averaging the number of stems felled per scheduled machine hour. 

 

• Productive machine hours (PMH) 
Determined by calculating the number of hours the machine is carrying out its primary task 
using the equation below: 

PMH = SMH – Delays 
 
SMH = Scheduled machine hours in which the machine was being studied. 
Delays = time taken for the delays recorded in the time study. 
 

• Productivity per productive machine hour (stems/PMH) 
Calculated by dividing the number of stems felled by the total productive machine hours. 
 

• Productivity per productive machine hour (m3/PMH) 
Calculated by multiplying the productivity (in stems/PMH) by the average piece size (m3).  

Stem breakage analysis 

An analysis of the crew’s extraction data was carried out to determine the impact on stem breakage 
that a fixed felling head had. The extraction data was in the form given by programs like STICKS, 
and StanForD (.pri files). Once the same trees recorded in the productivity analysis (time study) were 
extracted, the respective log by log extraction data was obtained from the crew. The key parameter 
analysed was the small end diameter (SED) of the stem, to determine whether the stem had broken 
or not. This was used to determine break height and frequency of breakage. Then, a relationship 
was calculated of the height of breakage in relation to the MTH of the stand. These were compared 
across the three sites. 
 
It was noted that the extraction data was limited by the inclusion of breakage during extraction. This 
is addressed and discussed further in the results sand discussion.  

Survey 

A survey was created and conducted in person to retrieve the impressions on the fixed felling head 
of the operators and crews involved, with the following sections: 
 

• Machine, operation and site description 

• Operator experience 

• Site conditions 
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• Machine performance and suitability at this site 

• The advantages and disadvantages experienced 

• Would they recommend the purchase of a fixed felling head for other crews? 

 

RESULTS 

Productivity 

At Site 1 in Napier, an Eltec 316 machine with a Quadco 4400QB fixed felling head attached was 
studied. At this site, the average cycle time to fell one tree was 40 seconds, this in turn resulted in 
90 stems felled per scheduled machine hour (SMH), with machine utilisation of 82%. The determined 
productivity per productive machine hour (PMH) was 109 stems/PMH, or 191 m3/PMH (Table 2). 
 

Table 2: Summary table of the average element times, cycle times, and productivity, including 
percentiles for Site 1. 

  Average  
5th 
percentile 

95th 
percentile 

80th 
percentile 

Elements         

1: Walk/Clearing (sec) 22.4 5.0 62.2 35.0 

2: Felling & Placing (sec) 17.8 6.6 39.9 22.8 

Total Cycle time (sec) 40.2 16.0 94.5 56.8 

          

Productivity (stems/SMH) 90 225 38 63 

Productivity (stems/PMH) 109 274 46 77 

Productivity (m3/PMH) 191 480 81 135 

 
At Site 2 in Nelson, an Eltec 316 base machine was used (same as Site 1), and the fixed felling head 
model for this machine was a Woodsman 1400. The average cycle time was determined to be 35 
seconds, in turn resulting in a productivity of 102 stems/hour. Considering the delays that occurred 
throughout the data collection, a utilisation of 79% was determined, leading to adjusted productivity 
per PMH of 129 stems/PMH, or 145 m3/PMH. Table 3 shows the average times for each element, 
the cycle, productivity and productivity per PMH as well as each of their respective 95th, 5th and 80th 
percentile times. 
 

Table 3: Summary table of the average element times, cycle times, and productivity, including 
percentiles for Site 2. 

  
Average  

5th 
percentile 

95th 
percentile 

80th 
percentile 

Elements         

1: Walk/Clearing (sec) 16.1 7.0 30.5 20.8 

2: Felling/Placing (sec) 19.1 12.0 32.0 22.0 

Total Cycle time (sec) 35.2 22.0 55.0 43.0 

          

Productivity (stems/SMH) 102 163 65 83 

Productivity (stems/PMH) 129 207 82 105 

Productivity (m3/PMH) 145 231 92 118 

 
At Site 3 in Nelson, a Tigercat 855 base machine was used, different to the Eltec base machines 
seen in the first two sites. This machine had a Quadco 4400QB fixed felling head attached, the same 
as Site 1. The average cycle time calculated was 52 seconds, leading to a productivity of 69 
stems/hour. With a calculated utilisation of 71% being determined considering the delays that 
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occurred while studying, the productivity per PMH was found to be 97 stems/PMH. Table 4 shows 
the average times for the two elements of the cycle, productivity and productivity per PMH as well 
as the respective 95th, 5th and 80th percentile times for each. 
 
 

Table 4: Summary table of the average action times, cycle times, and productivity, including 
percentiles for Site 3. 

  Mean 
95th 
percentile 

5th 
percentile 

80th 
percentile 

Elements     

1: Walk/Clearing (sec) 33.6 93.1 6.0 45.0 

2: Felling/Placing tree (sec)  18.6 34.1 9.0 22.0 

Total cycle time (sec) 52.2 112.2 21.0 67.0 

          

Productivity (stems/hour) 69 32 171 53 

Productivity (stems/PMH) 97 45 241 75 

Productivity (m3/PMH) 194 90 482 151 
 
Table 5 compares the three site’s productivity and impacts of different variables. Site 3 had the 
lowest productivity in terms of stems felled at 97 stems/PMH, however this site had the largest piece 
size so the highest productivity in terms of volume at 194 m3/PMH. In contrast, Site 2 had the highest 
productivity in terms of stems felled at 145 stems/PMH, but the smallest piece size so had the lowest 
productivity in terms of volume at 145 m3/PMH.  
 

Table 5: Productivity summary table comparing the three sites side by side, including the stand 
characteristics relevant to productivity. 

  Site 1 – Napier Site 2 – Nelson 1 Site 3 – Nelson 2 

Stand and Operation Characteristics 

Piece size (m3) 1.75 1.12 2 

Slope (%) Rolling/flat 45% 57-70% 

Stocking (stems/ha) 369 573 260 

Mean Top Height (m) 38 33.5 40 

    

Machine Eltec 316 Eltec 316 Tigercat 855 

Felling Head Quadco 4400QB Woodsman 1400 Quadco 4400QB 

Productivity Summary 

Average Walk/Clear Times (sec) 22.4 16.1 33.6 

Average Fell/Place Time (sec) 17.8 19.1 18.6 

Average Cycle time (sec) 40.2 35.2 52.2 

     

Productivity (stems/SMH) 89 102 69 

Productivity (stems/PMH) 109 129 97 

Productivity (m3/PMH) 191 145 194 
    

Utilisation (%) 82% 79% 71% 
 
The Walk/Clear element saw the greatest variation in average times across the sites (Table 5). The 
longest average measured was at Site 3, being 33 seconds. This average is significantly longer by 
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over 10 seconds than either of the other sites. Site 2 experienced the shortest average Walk/Clear 
time of 16 seconds. Site 2 also had the highest stocking, meaning the operator was able to reach 
the next tree more easily and fell it faster. The Fell/Place element saw a much smaller variation in 
average times across the three sites.  
 
The delays occurred included chain changes, walking to new areas and refuelling. Site 3 had the 
lowest utilisation of 71%, with additional winch-assist related delays.  When the winch-assist machine 
was moving to a new spot, both machines had to be moved and re-attached, which took longer than 
relocating the felling machine at other sites. Site 2 had a utilisation of 79%, like that of Site 1’s 
utilisation of 81%. Site 2 had an increased amount of chain changes, since the chain would get 
blunted by the uncemented gravels of the slope when rocks would pile up on the higher side of the 
stem and the chain would contact them.  
 

Work cycle 

Figure 10 shows cycle time broken up by element for each site, reinforcing the difference in average 
time spent between Walk/Clear, versus Fell/Place. At Site 1, Walk/Clear on average took longer to 
complete than Fell/Place. At Site 2, Fell/Place took longer than Walk/Clear, taking 51% and 41% of 
the average cycle time respectively. Site 3 had the most extreme difference, where Walk/Clear on 
average took 64% of the time compared to Fell/Place taking 35% of the time at this site. The third 
element of bunching also had significant variation in the time spent doing this element, from 10% in 
Site 1 to 1% in Site 3. Bunching was not included in Tables 2 - 5 because bunching did not occur in 
every element, instead it was only done when needed, meaning often spans of 15-20 cycles were 
recorded before bunching needed to occur again.  
 

 
 

Figure 10: Average percentage each element took up from the total cycle time for each site 

 
For each site, most of the cycle times were relatively close to or below the average cycle time for 
that site. However, consistently at each site there were several cycle times that stretched significantly 
away from the average. Figure 11 shows the time taken for the Walk/Clear element to be completed 
in each cycle recorded for Site 1 and is representative of the pattern of outlier cycle times that 
occurred at each site. As shown in Figure 11, there was significant variation in cycle times, especially 
between the slowest 20% of cycle times and the fastest 80% of cycle times. This is reflected by the 
standard deviation of this element time, which was 20.0s at Site 1, 8.2s at Site 2 and 29.1s at Site 
3.  
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Figure 11: Individual element times for Walk/Clear for Site 1. 

 
The outliers have a notable effect on the average and hold valuable information on what causes the 
Walk/Clear element to take longer. When recording the data, comments were made on the cycle 
itself. Figure 12 uses these comments to show a summary of what caused those element times to be 
in the slowest 20% at each site. At Site 1 and Site 3, the most common known reason was that extra 
time was required to clear a path to or around the tree so that the operator could get in a clear and 
safe position to be able to fell the tree successfully. At Site 2, very few of the cycles required extra 
clearing around the tree and instead the most common reason for a short walk/clear time was that 
there was a longer walk to the tree.  
 

 
 

Figure 12: Causes for the slowest 20% of Walk/Clear times at each site 

 
Similarly, for the Fell/Place action, as like Walk/Clear, the slowest 20% of element times are 
significant outliers. Figure 12 shows the time taken for the Walk/Clear element to be completed in 
each cycle recorded for Site 2. The other sites showed a similar pattern. Site 1 had a standard 
deviation for the Fell/Place element of 12.8 s, Site 2’s standard deviation was 6.7 s and Site 3’s 
standard deviation was 8.6 s. This shows that across all sites, the time taken for the Fall/Place 
element was more consistent than the time taken for the Walk/Clear element.  
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Figure 13: Individual element times for the Fell/Place element for Site 1. 

 
To help gain a greater understanding of the causes of this, Figure 14 shows the reasons for the 
slower Fell/Place times. At each site, between 40 and 51% of the causes for the long Fell/place times 
were unknown. At Site 1, the largest known cause was that the trees needed a multi-cut to be felled. 
This involved the operator swinging the saw outside the felling heads clamp, doing an initial cut on 
the far side of the tree, then clamping the tree normally for its final cut. This technique was used 
when the tree diameter was too large for one cut to pass the full way through the tree. Site 2 and 
Site 3 did not require this technique, instead, the most common cause for a slow fell/place element 
was that the tree needed additional repositioning once felled. Occasionally the tree needed to be 
moved from its initial felled place because it was not in a desirable extraction position. This element 
was not considered bunching as the operator was still only dealing with the tree that had just been 
felled. Other reasons for the element time taking longer included abnormally large trees in the stand 
being felled, causing a slower felling and placing process, and limited room and access to the tree.  
 

 

Figure 14: Causes for slowest 20% of Fell/Place times at each site. 
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Stem breakage 

The small end diameter (SED) of the last log cut from each stem in the STICKS extraction data 
indicates information on whether the stem may have broken or not during felling. It is important to 
note in this data that breakage may occur in extraction as well, meaning a broken stem recorded did 
not necessarily brake during felling, it may have broken during extraction. However, the data can still 
be used as an indication of stem breakage during felling. The extraction data included the stems 
recorded in the time study above.  
 
Figure 15 shows the distribution of the SED measurements of the last log of each stem cut at Site 1. 
The distribution has a negative skew with most stems having larger SEDs. Unbroken stems had a 
diameter ranging from approximately 50-150 mm. Stems as large as 225 mm are considered to have 
broken. At this site, 61% of SEDs were recorded to be over 225 mm. The average SED was 230 
mm. 

 
Figure 15: Site 1 distribution of SED from the top of the extracted stems. 

 
Figure 16 shows the percentage distribution of the SED of extracted stems for Site 2. The distribution 
has a positive skew with most stems having smaller SEDs.  At this site over 70% of the stems 
measured had a SED under 150 mm. Only 5% of stems had a SED over 225 mm. This shows the 
stems had a much smaller SED than Site 1. The average SED at Site 2 was 114 mm.   

 
Figure 16: Site 2 distribution of SED from the top of extracted stems. 
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Figure 17 shows the percentage distribution of the SED of the last log cut of each extracted stem at 
Site 3. Figure 17 shows a fluctuating distribution of SED across all bins, with approximately similar 
proportions of the smallest and largest stems. 29% of the stems measured had a SED over 225 mm. 
Site 3’s average SED was found to be 178 mm.  

 
Figure 17: Site 3 distribution of SED from the top of extracted stems. 

 

Operator comments 

The operator of the felling machine at Site 1 had extensive experience in the operation of fixed felling 
heads both in New Zealand and abroad for over 20 years. He also had experience with rotary hot 
saw felling heads and bar saw heads. He believed that the current operation was very suitable for 
the machine, commenting that it was “very flat easy terrain and the trees were a perfect size, being 
small and easy to reach and thus retrieve.” The operator believed that he would suggest it to another 
crew, but it would depend on what the crew needed from the machine, as often the fixed felling head 
would fall faster than the crew can process and that creates a bottle neck in the operation.  
 
The main advantages identified by the operator at Site 1 was that the machine offered better 
directional felling control, quicker cycle times, and due to it being fixed, didn’t get caught as easily 
on dense undergrowth and was able to push through it more easily. The disadvantages were that it 
worked the machine harder, had limited shovelling as “it wasn’t built for it”, branches often got caught 
on the additional hydraulics on the boom and that it was more expensive.  
 
At Site 2, the usual operator was absent meaning one of the owners stepped in to operate the felling 
machine. This was beneficial to the survey because it gives an additional perspective with answers 
from both operating the machine and being an owner of it. Although the operator interviewed was 
not the usual operator, the owner still had significant experience with fixed felling heads.  
 
The operator at Site 2 believed that the machine was very suitable for the operation, as it could 
handle steep terrain well and maintain good traction, and it was an easy piece size. The main 
advantages identified were cycle time improvements, bunching capability, and a significant reduction 
in breakage. The disadvantages were that the felling head was harder on the machine, assuming 
that would come with higher maintenance costs, it had notable shovelling limitations, and a higher 
upfront cost. The owner/operator would suggest other crews to get one, however again it would 
depend on if it was suitable for them. 
 
The operator on Site 3 had recently moved to the operating of fixed felling heads three months prior 
by investing in part owning in one. He acknowledged that they were still getting the hang of it. Before 
that, he had had significant experience with “dangle” felling heads. The current operation was 
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suitable, and the machine could handle the steep terrain and piece size. However, significant 
undergrowth caused a productivity problem but would have the same effect on dangle heads.  
 
The operator at Site 3 believed the advantages of fixed felling heads were its bunching ability, making 
it much easier to prepare stems before extraction, and that there was notably less breakage. Its 
disadvantages included that the piece size was hard on the machine, it was higher cost upfront and 
the potential of higher maintenance cost. He also mentioned that the Tigercat machine suffered 
restricted reach due to its short boom length, which was smaller than the Eltec machines that the 
other two sites used. Again, he would suggest other crews to get one, but it would depend on its 
suitability. 
 

 

DISCUSSION 

Productivity differences between sites 

The two fixed felling heads that were seen across the three sites were very similar and were unlikely 
to be responsible for differences in productivity. The felling heads were the Quadco 4400QB Felling 
Head and the Woodsman Pro 1400 Controlled Felling Head. There is little difference identified in the 
felling heads, as they have very similar weights (3.3 and 3.2 tonnes), similar opening and closing 
diameters (170-1400mm and 170-1388mmm), the same motor size (60cc), similar saw rotation and 
cut capacity (Quadco Group, 2023) (Woodsmanpro, 2023). Therefore, it has been determined that 
the felling head has little to no effect on the site productivity differences in this study.  
 
However, in terms of the base machine, Eltec 316 has a notably larger boom reach of 7 m compared 
to the Tigercat 855, which only has a boom reach of 4 m. As well as this, the Tigercat 855 was 
tethered to a winch-assist machine for most of the time that it was studied. These factors potentially 
contribute to Site 3’s lower productivity in terms of stems per hour, as the operator’s positioning 
options may have been limited when felling.  
 
The variation in Walk/Clear times is primarily attributed to the understory of the site. Site 3 had the 
longest Walk/Clear and had dense Douglas fir regeneration growing under the pines in the 
understorey. At Site 3, 58% of long Walk/clear times were due to extended amounts of clearing to 
and around the tree. This stand was first rotation Radiata pine having undergone multiple previous 
rotations of Douglas fir, and in combination with the low stocking this promoted a dense undergrowth 
of Douglas fir regeneration. Site 1 also had significant undergrowth, since it was a road-lining 
operation on an exposed ridge. Site 2 had the lowest Walk/Clear times because the high stocking of 
this stand meant reduced undergrowth, so only 6% of slow Walk/Clear times were caused by 
clearing. 
 
Other factors that may have impacted the times for each element within the work cycle were operator 
experience, preparing stems for extraction and stocking. The operator at Site 3 was transparent in 
discussing with that he was used to a dangle head and was still learning, and that he may be slower 
than other, more experienced operators. Site 3 did have the longest average cycle time, although 
also had difficult stand conditions as explained above. The high stocking may have been restricted 
for the operator forcing him to make slightly slower and more careful placements. The longest 
average Fell/Place time was at Site 2. Although only slightly longer than the other sites, this could 
be due to the operator noticeably taking more consideration in this action, making sure that the stem 
was in its most optimal position for extraction. Therefore, operator experience and work style likely 
a contributing factor to cycle time speed and in turn productivity. 
 
A range of delays occurred, many such as chain changes and refuelling considered inevitable across 
all sites. The varying utilisation across the sites can be explained by the site conditions and operator 
experience. Site 3 had a lower utilisation, again likely due to the natural regeneration of Douglas fir 
in the understorey, and the steep slope meaning that winch assist was required on this site. There 
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were multiple times where the operator had to halt felling to spend time clearing the understorey, 
with some of the trees being large and already felled, causing an increase in experienced delays. 
Site 3 also had the newest operator to fixed felling heads with only three months experience. Site 1 
had the highest utilisation of 81%. Operator experience and skill may have been a reason to why 
less delays occurred. The operator was exceptionally skilled with the fixed felling head, meaning that 
they were being able to be more efficient when felling and in their down time. Overall, the three sites 
experienced strong utilisation results. 
 
Table 6 shows a comparison of the time study reported here versus a time study performed in 2016 
involving three felling machines with dangle felling heads in a similar region of New Zealand 
(Malietoa, 2016). The three fixed head studies in Table 8 are the studies recorded in this project. As 
shown in the table, all three of the fixed felling head studies felled nearly double the stems per 
productive machine hour than the dangle felling heads. In terms of m3/PMH, all sites in this study 
were significantly more productive than Malietoa’s 2016 study even at lower piece sizes, showing 
that fixed felling head can achieve a high productivity in a range of conditions.  

Table 6: Comparison of the study to a New Zealand time study on dangle head felling heads. 
(Malietoa, 2016) 

Machine type 
Felling 

Head 
Region  

Piece size  
(m3) 

Productivity  
(Stems/PMH) 

Productivity  
(m3/PMH) 

Eltec 316 with 
Quadco 4400QB 

Fixed Head 
Hawkes Bay, 

NZ 
1.75 109 190 

Eltec 316 with 
Woodsman 1400 

Fixed Head Nelson, NZ 1.12 129 145 

Tigercat 855 with 
Quadco 4400QB 

Fixed Head Nelson, NZ 2.0 97 194 

Tigercat 655 
felling machine 

Dangle 
Head 

Nelson, NZ 1.6 43 69 

Sumitomo with  
Satco felling 
head 

Dangle 
Head 

Nelson, NZ 2.3 43 99 

Tiger cat 655 
felling machine 

Dangle 
Head 

Nelson, NZ 2.5 47 109 

 
The three sites studied throughout this project had a range of differing characterises, meaning 
evaluation of the fixed felling heads performance under a range of conditions was possible. The fixed 
felling head was clearly seen to be capable across the board. Each site had notable differences in 
piece size, slope, stocking and mean top heights. Piece size had a significant impact on the stems 
felled per productive machine hour, with lower piece size returning a higher productivity of stems 
felled, but the highest productivity in terms of m3/PMH was at the largest piece sizes. The sites had 
terrains ranging from flat rolling country seen in Site 1, to steep slope harvesting with winch-assisting 
in Site 3. Comparing this study to a recent similar study involving its dangle head competitors (Table 
6), shows that fixed felling heads can be more productive than its dangle head counterparts, although 
no overall conclusion can be made without controlling for site conditions, stand conditions and 
operator experience. On top of the high productivity, the operators were able to produce and maintain 
noteworthy utilisation values, and efficient tree positioning for extraction times with little variation. 
Overall, the fixed felling head was seen to handle a range of piece sizes, on a range of slopes.  

Factors influencing stem breakage 

The stem breakage results across the three sites were each very different, likely reflecting the 
variation in stand characteristics, extraction methods and operator experience. Site 2 had an ideal 
distribution of stem SED, with most stems unbroken. In contrast, most stems had broken at site 1 
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and similar numbers of stems remained unbroken as broken at site 3. Site 2 had the lowest MTH 
and piece size out of all the sites, at 33.5 m MTH and 1.12 m3 average piece size.  Another potential 
factor would be the difference in species, where site 2 was Douglas fir and the other sites Radiata 
pine.  
 
Interestingly, while conducting the time study at site 1, very few trees were observed to have broken 
while felling. When observing, there was a clear view of not only the machine itself, but also where 
the trees landed and were positioned. The high rate of broken stems in the processing data can be 
explained by the number of stems breaking during extraction. Site 1 was also the only site that was 
not being extracted by cable. The operator did not need to present the trees as neatly for extraction 
as is required for cable-based extraction, which could have contributed to breakage during 
extraction. Looking to the future, there is opportunity for greater investigation into stem breakage 
without the intervention and potential of extraction breakage skewing the data set.  
 
It was observed while measuring at site 3 this site that some stems were breaking while felling, and 
the large piece size of 2.0m3 and MTH of 40m are likely to be factors causing the higher stem 
breakage than site 2. Another factor that may have caused breakage at Site 3 was operator 
experience, as the operator was still relatively new to fixed felling heads, and still learning, therefore 
some trees may have broken that a more experienced operator could have felled without brakeage.  
 
Although the stem breakage analysis showed unique results over the three sites, Site 2 highlighted 
the true capability that fixed felling heads can achieve in reducing stem breakage, and others 
indicated at the potential of this without the inclusion of extraction breakage. Another concept that 
plays an important part in fixed felling head breakage, is for the operator to understand the task and 
goal of using the fixed felling head to reduce breakage. They must understand how to optimally 
operate the machine to reduce felling breakage, and how that is a priority for the operation. Sites 1 
and 2 had operators with extensive experience with fixed felling heads, and both were passionate in 
the use of them. They understood the goal of the machine, and the implications and advantages if 
correctly used across the whole system. The primary implication of stem breakage is that every 
breakage is not only a reduction in merchantable volume, but also in recoverable value. A secondary 
implication is that the broken head of the stem remains on the cutover which poses a slash 
mobilisation risk, or alternatively removing this residue is difficult, time consuming and costly. Overall, 
the operator has significant control as to what degree of stem breakage is achieved by the fixed 
felling head.  

Perceived advantages and disadvantages of fixed felling heads 

The operators were able to identify a range of advantages that were reinforced by their actions. The 
most evident advantage is the fixed felling head's ability to have better directional control when 
felling, which was recognised by all operators. As reflected in the productivity results, improved cycle 
times were another advantage of fixed felling heads. The bunching capability has a significant effect 
not only on the felling process itself but also across the whole harvesting system. The two sites that 
were in fully mechanised cable yarding operations found it extremely advantageous because of how 
they were able to position and prepare bunches to aid the extraction process, the operators of the 
yarders affirmed this also. Lastly all operators, including the operator that recently moved from 
dangle felling heads, emphasised that they were able to achieve a significant reduction in breakage.  
 
Although there were a number of advantages identified, fixed felling heads do have disadvantages, 
with the most widely identified being its higher cost. Fixed felling heads were consistently more 
expensive to purchase than similar “dangle” head models. Shovelling limitations are often included 
in the disadvantages of fixed felling heads, but multiple operators were able to shovel with them 
when required. Due to fixed felling heads controlling the descent of the felled tree, larger piece sizes 
can be harder on the machine, which was identified in Site 3 with the largest piece size. This could 
lead to the issue of higher and more frequent maintenance costs in the future.  
 
When asked “Would you suggest other crews to get one?”, operators answered yes, they would, but 
it had to be suitable for them. It is not uncommon to compare fixed felling heads to “dangle” heads 
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in actions other than felling. Fixed felling heads are excellent felling machines, and that is the main 
task they are built for. “Dangle” felling heads often possess processing capability and can be used 
for a range of other actions when its primary task of felling is not urgent. Fixed felling heads lack this 
versatility, meaning that sometimes a prejudged opinion is that they are worse. This does not mean 
that fixed felling heads are bad, just that they are better in certain applications than others. Operators 
praised how good the fixed felling heads were at felling but emphasised the fact that they would suit 
certain operations more than others. The ability to use a felling machine flexibly across the operation 
could alleviate bottlenecks in the harvest operation. This is a more critical factor for some operations 
than others, depending on the productivity of other machines involved.  
 

CONCLUSION 

This project showed the capability of fixed felling heads in forest operations on three different sites 
with varying stand characteristics, including piece size, slope and stocking. Some key findings and 
advantages that fixed felling heads presented are faster cycle times, high productivity, the benefit of 
bunching and positioning for extraction, and the reduction in harvest residue on the slopes. 
Compared to “dangle” head studies, fixed felling heads returned better productivity results. One of 
the sites studied exceeded the expectations of how much fixed felling heads could reduce stem 
breakage, but the inclusion of extraction breakage data for the other sites meant the felling breakage 
was not able to be studied independently. Overall operator opinion supported that fixed felling heads 
reduced stem breakage. This study shows there is significant opportunity in the industry for more 
fixed felling heads, and the study aids in proving their advantages, capabilities, and suitability. 
 
An important view on harvesting overall is identifying the overarching goal of the system. This study 
identified key considerations for incorporating fixed felling heads into a harvest system. Fixed felling 
heads show promise for a harvesting system that prioritises merchantable volume and value 
recovery because of the reduction in stem breakage under the best stand conditions. Reducing stem 
breakage also reduces the harvest residues left on the cutover that could be mobilised or need to 
be extracted separately, at higher cost. A harvest system’s productivity is constrained by the task in 
in the chain of felling, extraction, processing and loading that has the lowest productivity. Felling 
productivity alone should not be the only consideration in selecting fixed felling heads to improve 
overall system productivity, as fixed felling heads were identified by the operators as less flexible to 
aid in other parts of the operation like processing or loading. However, if extraction is the bottleneck 
in an operation, then the benefits of fixed felling heads to better control stem placement for easy 
extraction may outweigh any loss of flexibility in other tasks. Overall, machinery that helps the 
harvesting system move closer to the overall goal should be implemented and is a key decision for 
crew owners. 
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