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ABSTRACT 
 

The majority of the hardwood plantation estate in Australia has been established and 

managed for pulpwood markets; however interest exists from both forest and wood 

processing industries as to whether the resource could be processed into higher value 

products. This situation is consistent with many other countries where hardwood 

plantations have been established.  

 

Previous wood qualities studies have confirmed that relatively young, fast-grown 

hardwood trees contain wood properties that are different from wood recovered from 

the same species which was sourced from mature, native forest trees. Despite this 

difference, the properties are generally in the range of desirable properties for many 

processing options and high-value end-products. Indeed, the reduction of some 

properties (e.g. density) may prove advantageous for some processes and end-products. 

Previous studies have also confirmed a large variation of properties within plantation 

trees as a result of the high proportion of wood which is formed in the juvenile phase of 

tree growth. Plantation trees are also known to yield relatively small diameter logs that 

contain a range of defects that affect the efficiency of processing methods and 

suitability for end-products. 

  

Sawmilling and veneer processing are attractive processing options for production of 

value-added products. Many processing studies have been previously completed to 

convert plantation hardwood logs into a traditional suite of sawn products, mainly using 

conventional production systems. The results of these studies have consistently shown 
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that complications are encountered with persistent problems arising in recovery, drying, 

stability, durability and appearance qualities. 

 

Rotary veneer processing has the advantages of yielding significantly higher recoveries 

when compared with sawn timber processing and the relatively small piece size (mainly 

in thickness) can reduce some of the effects of properties gradients and growth stresses; 

and reduce lengthy and problematic drying. Difficulties exist however in utilising 

traditional veneer processing methods for processing plantation hardwoods, especially 

where log diameters are small and end-splitting is common. A relatively newly 

developed veneer processing method can remove the difficulties experienced when 

traditional methods are used.  

 

The objective of this PhD study was to analyse small-log processing through the 

application of lean spindleless rotary veneer processing methods to achieve rotary 

veneer for structural purposes from Australian-grown, juvenile hardwood plantations. 

 

Simple spindleless lathe technology was used to process 918 billets from six 

commercially important Australian hardwood species (Corymbia citriodora subsp. 

variegata, Eucalyptus cloeziana, E. dunnii, E. pellita, E. nitens and E. globulus). The 

study demonstrated that processing representative stands of the current Australian 

hardwood plantation estate using spindleless veneer lathe technology can overcome 

many of the problems present when using traditional solid wood processing techniques. 

Recoveries achieved during the study were in the order of two to six times what is 

usually achieved from processing similar resources using traditional solid wood 

processing systems. The graded veneer recovery was dominated by D-grade veneer, the 
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lowest visual grade quality for structural veneer meaning the veneer is suitable for face 

veneers on non-appearance structural panels as well as the core veneers for the vast 

majority of appearance and non-appearance structural panels. 

 

The veneers contained a range of defects that impacted the final assigned grade. The 

presence of gum pockets, bark pockets and decay (mainly surrounding knots), encased 

knots, splits and surface roughness were identified as the main defects limiting veneer 

grades to D-grade, with other defects contributing to a lesser degree. Several scenarios 

were simulated including a relatively easy change to the grading standard rules for gum 

defects, and various outcomes resulting from the modelling of effective pruning. All 

scenarios demonstrated a positive outcome with veneer values increasing by up to 

nearly 23%.  

 

Variation in veneer and grade recoveries was found within species growing across 

different conditions and with different silvicultural treatments (thinning and pruning). 

The results however were not consistent, especially when resulting veneer value was 

assessed. While thinning and pruning is a common practise to target increased 

production of higher-value clear wood, the study demonstrated that clear wood is not 

always achieved which can result in a reduced veneer value. 

 

Veneer density, dynamic modulus of elasticity (MoE) and specific MoE evaluations 

revealed a wide variation of properties existed between species, within species and 

within a billet. Veneer density was found to not always be a good predictor of MoE, 

especially in commercial size samples which contain natural defects. Simple 

mathematical modelling, using sigmoidal curves, was demonstrated to be an effective 
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method to model the evolution of key wood properties across the billet radius and along 

the resulting veneer ribbon with benefits for tree breeders and processors.  

 

Rotary veneer processing using spindleless lathe methods was shown to be able to 

efficiently process young, fast grown hardwood plantation trees with resulting veneers 

containing visual grade qualities and mechanical properties suitable for the manufacture 

of structural veneer-based products. Further research is necessary to determine 

appropriate end-products and optimised product manufacturing protocols. An economic 

evaluation is necessary to determine the potential profitability. 
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CHAPTER 1 

1.1 Background and literature review 

Worldwide, there are 264 million hectares of planted forest which represents about 7% 

of the world’s total forest area (Overbeek et al. 2012).  FAO (2010) reports that about 

three quarters of these plantings are grown for productive purposes such as wood, fibre 

and fuel. The establishment of industrial scale plantations is a relatively recent 

phenomenon which gained significant momentum since the 1960’s (Overbeek et al. 

2012). For example, the planted forest estate in the southern hemisphere is reported by 

Overbeek et al. (2012) to have increased from 95 million to 153 million hectares 

between 1990 and 2010. With the rapid expansion in planted forests and a decline in the 

harvesting of indigenous forest, planted forests are expected to play a significant role in 

supplying timber to the forest products industry into the future (FAO, 2010). China has 

the largest plantation area with 77 million hectares, followed by United States of 

America (25 million hectares), Russian Federation (17 million hectares) and Japan and 

India each with just over 10 million hectares (Jürgensen et al. 2014).  

 

Softwood species account for 52% of the worldwide plantings while 37% are 

hardwoods (FAO, 2010). The balance is unspecified species. A well-established 

softwood processing industry exists which successfully processes the plantation 

softwood resource into a range of products including fibre for pulp and paper, fibre 

board products (e.g. MDF and particleboard), solid wood and engineered wood 

products. 
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Established hardwood plantations are made up of many different species however are 

dominated by the Eucalyptus, Acacia, Tectona and Populus genus. Eucalypt plantations 

account for just over 20 million hectares of the international hardwood plantation estate 

(GIT, 2009). The majority of these plantations were established for fibre products 

although there is increasing interest in using this resource for higher value products 

(Shield 2003, Montagu et al. 2003, Nolan et al. 2005).   

 

Gavran (2012) reports that the Australian plantation estate in 2010-11 totalled 2.017 

million hectares, of which 1.025 million hectares was softwood plantation, 0.980 

million hectares was hardwood plantation with the remaining small area made up of 

mixed species plantings. Western Australia is reported to have 31% of the Australia’s 

hardwood plantation area, followed by Tasmania (24%), Victoria (21%), New South 

Wales (9%) and South Australia (6%). Queensland and Northern Territory each have 

4% of the Australia’s plantation area (ABARES 2013). 

 

While on a global scale Australia’s hardwood plantation estate is relatively small, it is 

potentially quite unique in that it is represented by climatic conditions that range from 

temperate through to tropical environments. The Australian plantation hardwood estate 

is also characterised by a diverse mix of planted species that range from those 

traditionally favoured for fibre products (e.g. E. globulus, E, nitens and E. dunnii) 

through to species with a strong history in solid wood utilisation (e.g. C. citriodora, E. 

cloeziana and E. pellita). In 2010-11, southern blue gum (Eucalyptus globulus) and 

shining gum (E. nitens) accounted for the majority of Australia’s hardwood plantations 

with 55.1% and 24.1% of the plantation area respectively (Gavran, 2012).  
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About 84% of Australia’s one million hectares of hardwood plantations have been 

established and managed for pulpwood production (Gavran, 2013). Species selection, 

tree breeding programs, and plantation management have largely focused on achieving 

high pulp yield, targeted density, and maximum volume, which may adversely affect 

important properties for more value-added wood products (Bailleres et al. 1995a,b; 

Bailleres et al. 1996a,b; Hamilton et al. 2010; Blackburn et al. 2011). 

 

Despite the original plantation establishment and management intent, fluctuating and 

often unfavourable market conditions for pulpwood combined with a continuous desire 

from plantation growers to seek higher returns, have prompted the exploration of 

alternative higher value markets. At the same time, significant areas of Australian native 

forest are being progressively withdrawn from commercial harvesting and managed 

principally for conservation purposes. With the hardwood processing sector 

predominately reliant on native forest resources for log supply, the increasing 

limitations preventing access to some native forest areas, as well as the increasing 

availability of maturing hardwood plantations, interest is growing from the processor 

sector as to the suitability of the plantation hardwood resource for value-added products.  

 

Small areas of scattered plantations have been established in Australia for higher value 

products, mainly by State Government bodies. Wood et al. (2009) reported 

approximately 26,000 hectares of plantations principally located in Tasmania, which are 

predominantly E. nitens plantations that have been thinned, pruned, and managed for 

higher-value end-uses.  
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Young-fast grown hardwood plantations yield relatively small diameter logs that can 

contain a range of defects that can be in high frequency. Example of the defects include 

spiral grain, growth stresses, knots, limited heartwood durability, kino veins and 

pockets, brittle heart and tension wood (Shield 2003). Defects such as these influence 

the efficiency of processing methods and suitability for end-products.  

 

The wood properties of plantation wood differ markedly from mature native forest 

sourced wood (McLean et al. 2011). Basically, the initial fast growing conditions 

promoted generally by efficient silvicultural regimes, dramatically enlarge the volume 

of wood formed in the juvenile phase of the tree. In fact, the wood properties radial 

variations are mainly driven by the ontogenetic maturation of the cambium, which 

evolve progressively from a development phase of flexible and reactive characteristics 

to a state of stiffer and more stable characteristics.  This juvenile wood phase, which is 

characterised by a large gradient of wood properties controlled essentially by the 

cambial age, thus related to radial growth, displays performances which are generally 

highly variable and technologically inferior to mature wood properties (Zobel and van 

Buijtenen 1989; Downes et al. 1997; Zobel and Sprague 1998).  Many standard wood 

quality studies have been reported for Australian grown plantation hardwoods that 

provide the values for wood properties such as densities (basic and air-dry), modulus of 

elasticity (MoE), hardness, shrinkage and unit shrinkage rates (e.g. Ozarska and Ashley 

1998, Leggate et al. 2000, Muneri and Leggate 2000, McGavin et al. 2006, McGavin 

and Bailleres 2007, Bailleres et al. 2008, Ozarska 2009, Harding et al. 2012, Downes et 

al. 2014).  
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Numerous studies have also confirmed the findings reported by Zobel and van 

Buijtenen (1989), with the identification of large variation in properties within 

plantation trees. For example, Downes et al. (1997), McGavin et al. (2006), Bailleres et 

al. (2008), Washusen et al. (2008) and Downes et al. (2014) each describe the radial 

increase of properties such as density. The methodology to measure the radial 

variability has mainly been based on fixed size of samples taken at regular intervals 

along the radius of the tree. These intervals have usually only provided limited data 

points across the radius such as to represent sapwood, outer heartwood and inner 

heartwood measure. These broad categories have resulted in a lack of true 

understanding of the evolution of key properties such as density and MoE as young 

trees grow and transition from juvenile to mature wood. Other studies provide a very 

fine description of these variations based on anatomical characteristics as reported  by 

Wimmer et al. (2002), Washusen et al. (2005), Medhurt et al. (2012) and Downes et al. 

(2014) etc., however the scale has been generally too small to inform directly and 

usefully the technological properties required to connect to the product description. 

These studies also limit the understanding of how the variation of many wood properties 

in trees can be recovered during processing into products such as sawn wood or rotary 

veneer.  

 

A large range of wood properties studies have confirmed that the plantation hardwood 

resources are different from the native forest hardwood resources that the industry is 

used to managing and processing. However, in general, the properties that the plantation 

wood displayed are generally within the ranges of desirable properties for many 

processing options and high-value end-products.  For example, McGavin et al. (2006) 

reported an average basic density of around 600 kg/m
3
 for three plantations species (E. 
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cloeziana, E. pilularis and E. pellita) each less than 10 years of age. While this is 

around 30% lower than the density expected from mature native forest wood of these 

species, it remains within the density range of most high volume timbers traded 

internationally. Indeed, the reduced density may prove advantageous for some processes 

and end-products. 

 

There are different processing options available for targeting high-value wood products 

from hardwood plantations. However, sawmilling to produce solid wood products and 

rotary veneer processing for the manufacture of veneer-based composite products are 

preferred options by the industry due to reasonably easy to access markets and 

manageable scales of operation. FAO (2014) reports strong growth in the production 

and consumption of wood-based panel products and sawn timber with global production 

in 2013 increasing by 8% and 5% respectively. Only very modest growth (<1% per 

year) is reported for pulp and paper over the period 2009-13.   

 

Many processing studies have been completed to convert plantation hardwood trees into 

a traditional suite of sawn products, mainly using conventional production systems both 

in Australia (e.g., Leggate et al. 2000; Washusen et al. 2008; Washusen et al. 2009, 

Blakemore et al. 2010a and b, Washusen 2011, Washusen and Harwood 2011) and 

outside Australia (e.g. Vermaas 2000, Malan 2000, Menezzi 2001, McKenzie 2003, 

XiMing et al. 2003, Ye 2003, Satchell and Turner 2010). The results of these studies 

have consistently shown that complications are encountered with persistent problems 

arising in recovery, drying, stability, durability and appearance qualities.  
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Recoveries are low due to losses that occur in converting round logs to square sawn 

boards and recoveries are reduced further as the log diameter decreases (cutting fixed 

size parallelepipeds from a conical shape). Recovery of green, ungraded boards from 

young plantation grown logs is typically around 30-40% (Leggate et al. 2000). The 

presence of end-splits and distortions induced by the release of growth stresses during 

processing negatively impacts recovery (Leggate et al. 2000, Yang 2005, Washusen et 

al. 2008). The high frequency of knots and other defects which are common in young 

plantation trees further reduces recovery during product grading. Moreover, sawing 

techniques involve the generation of chips and saw dust at each processing step which 

systematically reduces the product recovery. Leggate et al. (2000) for example, reported 

grade recoveries for a range of plantation-grown eucalypt species of between 8% and 

19% of log volume when sawn into commercial flooring products—less than half of 

what would be expected from mature native forest logs. Furthermore, Blackburn et al. 

(2011) conducted a sawing study of more than 500 trees of E. nitens plantation that used 

modern linear sawmilling technology purposely designed to maximise sawn-board 

recovery, which showed that approximately half of the usual percentage recovery was 

possible. 

 

Plantation wood can be more difficult to dry with drying defects such as collapse, 

checking and distortion being frequently encountered (Washusen et al. 2000, Redman 

and McGavin 2010). In addition, sawing systems are not able to maximise the recovery 

of the outer log zones which contain the more attractive properties (e.g. higher density 

and MoE) and better grade qualities due to less defects (knots). The cross-section of the 

resulting sawn timber can be affected by large gradients of properties that help explain 
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the board distortions commonly experienced during sawing trials (e.g. Leggate et al. 

2000; Washusen 2011). 

 

Recent international advances in small log sawmilling, mainly tailored for the softwood 

industry and often targeting higher production speeds, may have some application in the 

processing of plantation hardwoods, however the fundamental approach to sawmilling 

essentially remains unchanged for centuries. The interaction between fast grown trees 

and small-diameter logs (generally < 30-40 cm) which are generally prone to high level 

of growth stresses and related reaction wood (thus have a high propensity to end split 

and/or to distort combined with steep gradients of properties), leads to a low recovery of 

marketable product and challenges in matching dimensions and expected qualities even 

through the most advanced sawing systems (Washusen, 2011; Washusen and Harwood, 

2011). Advanced sawing systems are further challenged by high capital investment and 

large volume throughput requirements. 

 

Other opportunities exist in the use of emerging thin-sawing techniques, such as high 

tension frame saws, to produce attractive “overlays” for products such as composite 

flooring. This allows the unique properties of these hardwoods species such as hardness 

and/or high aesthetic appeal to be maximised. The relatively small piece size (mainly in 

thickness) can reduce some of the effects of properties gradients, growth stresses and 

resulting board distortions (e.g. spring and bow); and reduce lengthy and problematic 

wood drying (Blakemore et al. 2010b). However, high costs of production, low 

recovery rates, competition from other more easily converted forest resources, and 

poorly established markets continue to make this approach economically challenging. 
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Veneer processing takes the advantages of thin-sawing techniques however can yield 

significantly higher recoveries when compared with sawn timber processing (e.g. 

McGavin et al. 2006; Hopewell et al. 2008; Thomas et al. 2009; Farrell et al. 2011). 

This is largely because the peeling process is based on a cutting technique (with no chip 

or saw dust) that produces less off-cuts due to the absence of losses resulting from 

cutting square sections from circular logs. In addition, the veneering process removes 

wood from the log in a constant thin layer following a tangential spiral, which both 

contribute to dramatically limiting the gradients of properties within each veneer. 

Additionally, the rotary veneer process is much more efficient at recovering the wood 

from the log periphery which has more attractive qualities, and can be dried quickly 

with limited related degrades. Veneering essentially allows the log to be deconstructed 

with minimal waste, dried in small thickness dimension with relative ease, before being 

reconstructed using production strategies targeted to better utilise the available wood 

performances in product designs that better suits the end-use. 

 

The traditional method of rotary veneer production uses a spindled lathe (Figure 1). 

This type of lathe uses spindles (or chucks) to hold the ends of a log (also referred to a 

billet or bolt) in position and to rotate it against a knife that is positioned parallel to the 

grain (Figure 2). A continuous ribbon of veneer, usually between 1–4 mm is produced 

from the billet periphery (Figure 3). In close proximity to the knife is a nose bar (or 

pressure bar) which applies a localised zone of compression just prior to the point of 

cutting that helps improve veneer quality. This method has proved to be a reliable and 

an effective way to produce high quality veneer, even at very high production speeds. 
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Figure 1. Traditional spindled veneer lathe 

 

Figure 2. Spindle used to position and rotate a billet in a traditional veneer lathe.  
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Figure 3. Illustration of a typical rotary peeling processing.  

(Source: http://www.wooduniversity.org/glossary) 

 

When using spindled lathes, the billet is reduced in diameter during peeling to a size 

that is just larger than the spindles. Stopping at this point is necessary to prevent 

damage resulting from the knife coming into contact with the spindles. Historically, 

spindle size was large to facilitate the transfer of the torque forces necessary to hold and 

turn large diameter billets. Peeler core diameters in the range of 200 mm or greater were 

common from early model commercial lathes. The impact of this design was a large 

volume of the billet, in the form of a peeler core, which didn’t produce any veneer. For 

this reason, this processing method was more suited to larger diameter logs. 

 

While spindled lathes have advanced considerably in recent decades, with 

improvements in reducing the peeler core size, optimised spindle positioning and faster 

production speeds; many of the developments have been designed to improve the 

efficiency of processing softwood resources.  

 

http://www.wooduniversity.org/glossary
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Using spindled lathes for processing any hardwood resources has proven to present 

many challenges (e.g. Hopewell et al. 2008, Thomas et al. 2009). While the efforts to 

reduce the spindle size were made to improve the recovery of veneer, sufficient size is 

necessary to provide adequate billet holding capacity, especially during the early stages 

of peeling when billets diameters are largest. Failure to provide sufficient holding 

capacity leads to ‘spin outs’ where the spindles lose grip on the billet and the billet 

cannot be peeled further. Due to their generally higher density compared to softwoods, 

the level of forces generated when peeling hardwoods has meant that the opportunities 

to make substantial reductions in spindle size is limited. To compensate for smaller size 

spindles, spindle pressure can be increased meaning the spindles are forced more into 

the billet ends to achieve a better grip however billet end-splitting commonly results, 

especially in hardwoods (Figure 4). End-splitting which is a commonly reported 

occurrence for plantation hardwood logs further limits the success of spindle positioning 

and loading. In addition to these technical challenges, spindle lathe advancements have 

resulted in equipment that incorporate complicated and complex designs; and are often 

large capital investments. 
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Figure 4. Traditional spindled lathes can promote end-splitting in hardwood billets. 

 

Several veneer processing studies have been undertaken within Australia to process 

hardwood plantation billets. However these have been limited in size, sample 

replication and scope. In addition, these trials have utilised existing local industry-

adopted processing and manufacturing technologies with normal production settings, 

which are not designed for or ideally suited to small-diameter fast-grown plantation 

hardwoods. For example, McGavin et al. (2006) reported on the veneer processing of 

8.5 year-old red mahogany (E. pellita) in a project aimed at investigating a wide range 

of processing options for young plantation hardwood tress. While the trials were 

reported to have produced satisfactory structural plywood panels, the veneer trials were 

limited to only four billets with processing undertaken on a 1.3 metre spindled lathe 

using normal production settings. The industry partner that undertook the processing is 

an experienced processor of native forest eucalypt veneer however had limited 

experience in processing young plantation hardwood logs.  
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Hopewell et al. (2008) also reported a veneer processing study undertaken on 15 year-

old red mahogany (E. pellita) and 19 year-old Gympie messmate (E. cloeziana). This 

study utilised limited resource with only 14 and 12 billets respectively and processing 

was undertaken in the same commercial operation as the study detailed above. Resulting 

veneer was visually graded, laboratory adhesive trials conducted, plywood panels were 

manufactured and basic mechanical properties were determined. The report provided 

some encouragement with gross veneer recoveries of 41% and 52% respectively for the 

two species and panel structural stress grades of between F14 and F27
1
 were achieved 

(suitable for high grade structural plywood).  

 

Thomas et al. (2009) reported on the recovery and grade qualities of veneer produced 

from eight different eucalypt plantation areas covering five different species. Each 

species was represented with a plantation age of 34 years-old while one of the species 

was represented by a 12 year-old and 17 year-old planting. The study was conducted in 

the same commercial plywood mill as the two previously discussed studies under 

similar conditions. The report highlighted favourable strength properties however 

identified adhesive bonding issues, billet end splitting problems and billet ‘spin out’ 

during peeling. Limited detail was reported on veneer qualities and the variability of 

qualities that was produced.  

 

Farrell et al. 2011 reported on a large scale veneer processing trial of predominantly 

plantation grown E. nitens and E. globulus. Veneer recoveries were recorded at around 

                                                           
1
 The F-grade stress grading system is a method of classifying timber products for structural purposes. 
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50% however the grade recoveries were dominated by very low grade veneers when 

graded to the commercial grading standards. While detailed defect information was not 

provided, veneer checking and splitting was identified as a contributing factor for 

reduced veneer and product qualities. 

 

Blakemore et al. 2010b reported the results of a preliminary veneer processing trial with 

an objective of comparing veneer recoveries between pruned and unpruned plantation E. 

nitens trees. Veneer recoveries of 58% and 45% were achieved for pruned and unpruned 

logs respectively although a wide variation between trees was noted. A wide variation 

was also reported for veneer properties such as density and stiffness MoE). 

 

Similar studies involving veneer processing plantation eucalypt species have been 

completed outside Australia with similar experiences and results (e.g. Bortoletto 2003, 

McKenzie et al. 2003, Almeida et al. 2004, Jaeger and Ziger 2007, Guimaraes et al. 

2008, Iwakiri et al. 2013). 

 

As an alternative development approach and prompted by the availability of substantial 

areas of young, small-diameter hardwood plantation logs, mainly from the Eucalyptus, 

Populus and Acacia genus; China has led the advancement of spindleless lathes as a 

means to more efficiently process their available young fast growing plantation 

hardwood resources into solid products. Spindleless lathes are also referred to as 

‘chuckless lathes’ or ‘centreless lathes’. Baldwin (1995) reports that in 1987 Durand 

Raute Industries Ltd first developed and manufactured a spindleless lathe, however 
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various design patents have existed since the 1930’s (e.g. United State Patent Office 

patent no. 1,951,834, dated March 20 1934).   

 

The fundamental difference with this alternative veneer processing method rests with 

the billet rotary drive mechanism. While a spindled lathe relies on spindles located at 

the billet ends to position the billet in the lathe and to transfer the rotary drive, 

spindleless lathe have a series of power driven rollers positioned parallel to the knife 

which rotate against the billet periphery turning the billet against the knife (Figure 5). 

Similar to a spindled lathe, spindleless lathes also utilise a nose bar arrangement located 

near the knife, however the nose bar on a spindleless lathes are often a power driven 

roller design which further assists with the rotation of the billet.  

Figure 5. Spindleless veneer lathe. 

 

Without the reliance on spindles to hold the billet in position through a relatively 

concentrated zone, spindleless lathes are proving to be very successful in processing 
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logs with qualities below that previously accepted. Species more prone to end-splitting 

can be peeled with a reduced risk of the splits becoming worse during peeling. In fact, 

unlike spindles that force the splits further apart, the peripheral drive mechanisms on a 

spindleless lathe effectively presses the splits together during peeling. In addition, 

without spindles which limit the minimum peeled billet diameter and result in relatively 

large peeler cores, from which no veneer can be recovered, spindleless lathes are able to 

recover veneer from billets to a much smaller diameter. While spindleless lathes still 

produce peeler cores, their diameters are often in the order of 20 – 50 mm. Figure 6 

provides illustration of a peeler core produced from a standard spindled rotary veneer 

lathe in operation in Australia and a peeler core produced from a spindleless veneer 

lathe. 

 

Figure 6. A 45 mm peeler core on the left produced from a spindleless veneer lathe compared 

to a 130 mm peeler core produced from a standard commercial spindled lathe.  

 

The resulting small peeler core size also means that billets with smaller starting 

diameters can also be more profitably peeled. For these reasons, spindleless lathes have 



Page 32 of 140 
 

been adopted mostly in situations where a large supply of small diameter and sub-

optimum quality billets exist (i.e. young, fast-grown hardwood plantations). Also, in 

contrast to the evolution of spindled lathe development, spindleless lathes have been 

developed based on lean manufacturing principles meaning the equipment design is 

comparatively simple and involves significantly lower capital cost by comparison. 

 

Arnold et al. (2013) reported that there are more than 5,000 small-scale veneer mills in 

China dedicated to the processing of young, small-diameter eucalypt logs and the 

adoption of spindleless lathe technology dramatically changed China’s veneer 

processing industry because there was no longer the usual prerequisite for large 

diameter billets. Instead, small diameter logs (small end diameters of 6 cm or less) from 

plantations as young as 4 to 5 years old could be processed economically to yield high 

value veneer (Luo et al. 2013). A key to China’s production success is the large number 

of small-scale operations located close to the forest resource: each one is using 

equipment with a low capital cost and dependent on the availability of low-cost labour.  

 

Many Asian countries, in particular China, have a well-established industry based on 

processing hardwoods (including eucalypts) with a large number of operations using 

spindleless lathes. However, published literature detailing the process protocols and 

information of veneer quality and recovery from spindleless lathe methods are limited. 

Of the publications available, most are restricted to analyses comparing genetics or 

forest management systems within research plots and in-depth recovery, grade quality, 

defect and properties analysis is limited (e.g. Peng et al. 2014; Luo et al. 2013; Arnold 

et al. 2013) and therefore restricts the transfer of knowledge to other resources and in 

contexts like Australia. There are some experiences within South America in processing 
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young, fast grown eucalypt species, but again, much of the experience and 

developments exist as ‘grey literature’ and are unpublished.  

 

Published scientific literature is limited on research that has been undertaken on trialling 

the performance of spindleless lathes for the processing of Australian grown plantation 

hardwoods. Zbonak et al. 2012 utilised a spindleless veneer lathe to process plantation 

grown C. citriodora and E. dunnii during a trial designed to determine the effects of 

thinning and pruning. While some veneer recovery and grade quality data was collected 

for the purpose of assessing the impacts of specific silvicultural regimes, the trial was 

not designed to analyse the processing aptitude of the spindleless technology for a wide 

range of tree characteristics and wood quality.   

 

1.2 Research Aims and Objectives 

Rotary veneer processing and the manufacture of veneer-based composite products are 

potential processes and product streams that may be able to more efficiently use 

Australian grown plantation hardwood logs. Compared to alternative processing 

methods, veneer processing is able to better accommodate the characteristics of young, 

fast-grown plantation hardwoods such as small diameters, growth stresses and large 

gradients of within tree properties. The processing method can potentially achieve high 

recoveries and better recovery of the outer part of the tree containing more attractive 

properties.  

 

Many challenges remain with the direct adoption of traditional spindled lathe methods. 

Alternative veneer processing methods incorporating spindleless approaches which have 
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emerged in recent years are potentially better suited to this resource, giving the 

possibility for greater recovery and improved quality. While the spindleless lathe 

approach is not necessarily new, designs have improved significantly in recent years, 

both in terms of cost and engineering performances. The development of this method 

has focused on an efficient processing solution for very young plantations containing 

very small log diameters and low to mid density species. While the approach is reported 

to be widely adopted in some countries including China and Vietnam, limited 

information exists describing the performances and output quality of the newly 

developed, but still relatively simple engineering design. The application of this 

processing method for the conversion of Australian grown plantation hardwoods, which 

include very different species grown under very different growing conditions (i.e. 

climate and management), remains untested.  

 

The species growing within Australian hardwood plantations have very different wood 

properties and log geometry than those targeted during the advancement of spindleless 

processing methods. Previous wood quality studies have confirmed that the wood 

properties of plantations differ from mature native forest sourced wood and the fast 

growing conditions in plantations enlarge the volume of wood in the juvenile stage. 

These studies have identified a large variation of wood properties within plantation trees 

and a significant radial increase in properties from the tree centre towards the periphery. 

Despite the completion of many studies, a lack of detailed understanding remains on the 

evolution of key properties as young trees grow and transition from juvenile to mature 

wood. Furthermore, the understanding of how the variations of many wood properties 

are recovered during processing remains unknown.  
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Existing literature acknowledges that defects such as knots and gum defects are present 

in much higher proportions in plantation-grown wood compared to wood sourced from 

native forest, however these previous studies haven’t been able to facilitate a 

comprehensive understanding of how these defects will present at the completion of 

veneer processing. In addition, the impact of common silvicultural treatments on defect 

size and frequency are not well understood. Pruning for example, is undertaken in order 

to minimise knots and encourage clear wood production. Silviculture treatments such as 

pruning induce significant investments during the plantation cycle with the goal of 

improving wood quality and therefore value.  However, it remains unclear how defects 

are presented in veneer produced from Australian hardwood plantations, the 

effectiveness of silvicultural treatments to influence wood defects (both size and 

frequency) and whether a gain in value can be realised are still unknown variables in the 

value chain. This is especially true for veneer produced with spindleless processing 

methods as more of the tree volume is converted into veneer.  

 

The lack of knowledge of how spindleless lathe processing methods are able to process 

logs from Australian hardwood plantations, a deficiency of understanding of the 

expected wood defects and the wood properties that result, prevent an evaluation of the 

end products performances and the suitability for commercial adoption.   

 

As a consequence, the objective of this dissertation was to analyse small-log processing 

through the application of lean spindleless rotary veneer processing methods to achieve 

rotary veneer for structural purposes from Australian-grown, juvenile hardwood 
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plantations. More specifically, the study sought to answer the following research 

questions: 

1. What results from the interaction between Australian-grown plantation grown 

hardwoods and spindleless veneer processing methods? 

2. What is the frequency and severity of wood defects that result in rotary veneer 

produced from processing Australian plantation grown hardwoods using 

spindleless veneer processing methods? 

3. How do key wood mechanical properties vary between plantation species and 

how are the variable wood properties recovered in rotary veneer produced when 

using spindleless veneer processing methods? 

4. Are the recovered wood performances (wood defects and key wood properties) 

of rotary veneer suitable for the commercial use for structural purposes? 

 

To provide an understanding of the application of spindleless lathes for the processing 

of plantation hardwoods, processing trials were designed that aimed to quantify log and 

grade recoveries from logs harvested from six commercially important Australian-

grown plantation hardwood species (Figure 6). The species selection ranged from 

pulpwood to solid wood species sourced from temperate to tropical areas. The species 

included Corymbia citriodora subsp. variegata (spotted gum), Eucalyptus cloeziana 

(Gympie messmate), Eucalyptus dunnii (Dunn’s white gum), Eucalyptus pellita (red 

mahogany), Eucalyptus nitens (shining gum) and Eucalyptus globulus (southern blue 

gum). Trees were sampled so that they were representative of the average resource 

currently available for the industry’s use now and in the immediate future. Evaluation 

methods sought to be aligned with common industry methods and assessment criteria. 

Chapter 2 details the analysis of the log and veneer grade recoveries resulting from the 
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processing of 918 logs using spindleless veneer processing technology and best practice 

commercial processing methods. 

 

Detailed wood defect assessments were conducted to provide an understanding of the 

defects that result in veneer produced from Australian hardwood plantations trees when 

processed using spindleless rotary veneering methods,. The assessments aimed to 

quantify the wood defects present in veneers recovered from the processing trials 

(Chapter 2). Further analysis applying industry grading standards would allow grade 

recoveries to be determined in line with commercial practices. The adopted approach 

aimed to quantify the impact of individual wood defect types on grade recovery 

including the identification of defects that limit higher veneer grades from being 

achieved. Grade scenarios using the wood defect data collected aimed to model the 

effects of potential defect management strategies. Chapter 3 details the analysis at a 

species level, of wood defects that occurred in veneer which was produced during the 

processing trials.  

 

Further analysis of wood defects that occurred in veneer recovered from different 

plantations of the same species aimed to describe the variation that occurs inside a 

species within the plantation estate. Furthermore, the selection of plantations that 

include different growing conditions and silvicultural treatments would facilitate 

comparison of veneer grade recoveries between sites and test the grade scenarios 

described above. The species included E. globulus and E. nitens. Three plantations for 

each of the two species were included in the evaluation. Chapter 4 reports the wood 

defect analysis including variation in grade recoveries that occurred from within a 
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species between plantation locations. The validity of grade scenarios developed in 

Chapter 3 was tested. 

 

To better quantify the veneer suitability for structural veneer-based products, veneer 

stiffness, assessed through the modulus of elasticity (MoE), and density were assessed 

on the veneer recovered from the processing trials (Chapter 2).  In particular, given that 

the veneering process essentially unrolls the billet with minimal waste, the gradient of 

MoE and density across the billet radius was described. The resulting properties 

variation and impact on the recovered veneer qualities is reported in Chapter 5..   
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Figure 6. Experimental plan
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1.3 Expected contribution to science and industry  

The research aimed to provide a novel set of data and information on the production of 

structural grade veneers from Australian-grown plantation hardwood species from 

across the plantation resources which are available now and in the immediate future for 

the industry’s use. The study design intended to provide new information at a scale 

covering the resource diversity which could be processed within an industrial facility.  

 

This research is expected to have significant value for the scientific communities, the 

hardwood plantation industry and veneer processing industry. The research sought to 

combine engineering and processing sciences with wood science in order to evaluate the 

combination of new processing methods and relatively new forest resources. The study 

is expected to contribute to the field of wood science through improved understanding 

of the wood properties, wood defects and end-product performances from Australian 

grown hardwood plantations. The innovative methodology designed to describe wood 

properties and wood defects will provide an alternative to traditional study approaches.   

 

Industry will gain a more accurate understanding of the plantation hardwood forest 

resource value through processing using new methods. Knowledge will be gained on the 

production of structural grade veneers from Australian-grown plantation hardwood 

species from the plantation resources which are available now and in the immediate 

future for the industry’s use. The study will identify the potential for industry to use the 

processing methods to produce veneer with properties suitable for marketable structural 

veneer-based products. Knowledge on the veneer grade and veneer mechanical 

properties recovered through processing trials will assist in the identification of 
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structural product end-uses that can make best use of the qualities produced from the 

plantation trees. With this knowledge, product development programs and marketing 

strategies can be analysed. 

 

The connection between science and industry is further enhanced through the research 

being conducted at an industry facility scale. The assessment methodology adopted 

throughout the study remained directly connected to industry adopted systems. 

Recovery analyses enable technical and economic comparisons to existing and more 

traditional processing methods and forest resources. Grade evaluations were performed 

using industry accepted grading systems and mechanical properties assessments were 

directly linked to the systems and data requirements that are used by industry for the 

manufacture of veneer-based engineered wood products.   
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CHAPTER 6: Synthesis 

The dissertation focused on the evaluation of rotary veneer produced by spindleless 

lathe veneer processing methods from Australian-grown hardwood plantations. Six 

commercially important plantation species were included in the study and sampled 

plantation areas were representative of the plantations that are available to industry for 

processing now and in the immediate future. The research was conducted at a scale 

covering the resource diversity which could be processed within an industrial facility.  

 

Veneer processing was found to be an efficient method of conversion for fast grown 

hardwood plantation trees compared to other approaches such as sawing. The use of 

spindleless lathe veneer processing methods demonstrated many advantages compared 

to traditional veneer processing methods. One major advantage was the demonstration 

that relatively inexpensive, compact and simple equipment can be used to successfully 

produce usable and marketable veneer.  

 

The study demonstrated that spindleless lathes can be used to produce attractive 

recoveries of rotary veneer (Chapter 2). Green veneer recoveries of around 70% and 

gross veneer recoveries of around 60% are in the order of two to six times what is 

usually achieved from processing similar resources using traditional methods. Green 

veneer recovery rates were independent of species and could be explained by log size 

and shape. Billet small-end diameter and sweep were identified as having most 

influence on green recovery.  

 

The graded veneer recovery was dominated by D-grade veneer across all species 

(Chapter 2). While D-grade is the lowest visual grade quality for structural veneer, the 
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veneers are suitable for face veneers on non-appearance structural panels as well as core 

veneers for the vast majority of appearance and non-appearance structural panels. If 

processors were relying solely on this grade of resource, the low recovery of higher 

grade veneers (C-grade and better) would make the commercial production of a 

standard mix of saleable structural panel products challenging because of the 

insufficient qualities of face veneer. However, the blending of plantation hardwood 

veneer with a small quantity of higher grade veneer may produce a suitable mix for a 

range of end products. 

 

The veneers contained a range of defects that impacted the final assigned grade. The 

presence of gum pockets, gum veins, bark pockets and decay, encased knots, veneer 

roughness and splits were the most influential in limiting higher grades being achieved 

(Chapters 3 and 4). Various grade scenarios were found to have a positive influence on 

grade recovery and potential veneer value (Chapter 3). A scenario modelling the grade 

change that results from pruning demonstrated the potential for substantial 

improvements in veneer grade as knots and other associated defects were reduced. The 

modelling approach could be further developed to allow a range of management 

scenarios to be evaluated including plantation rotation age. 

 

Further analysis which evaluated within the species grade recovery variation for logs 

sourced from plantations with different growing environments and different silvicultural 

treatments (pruning and thinning) demonstrated that higher growth rates and 

investments in silviculture  may not always be effective in improving grade quality and 

value (Chapter 4). The factors influencing the lack of effectiveness was not investigated 

during the study however may be attributed to suboptimal pruning techniques, timing 
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and procedures, physiological characteristics of particular species or climate at the time 

of pruning. Opportunities exist to further research the effectiveness of silviculture 

treatments and the influence that they have on resulting veneer grade and potential 

value.  

 

The study demonstrated that there are large differences in density, MoE and, specific 

MoE between species and the ranking of species depends on the parameter considered 

(Chapter 5). A wide variation of properties within species was also confirmed due to the 

relative enlargement of the juvenile zone over the radius as a result of fast growth and 

relatively short rotation length. Large gradients of properties were observed, generally 

evolving from low to higher values, following a sigmoid pattern. Despite these wood 

properties variations, the average properties recovered make the veneer suitable for the 

manufacture of structural products. Segregation and sorting systems would be necessary 

to efficiently control the use of the available veneer qualities in order to maximise the 

potential value in structural end-products. Opportunities exist to undertaken further 

research in developing optimised product construction strategies specific to end-

products that maximise the utilisation of the available qualities whiles maximising the 

end-product qualities.   

 

Given the various positive attributes identified for the processing method, the 

opportunity exists to explore an alternative to the traditional paradigm of large 

centralised operations through the establishment of smaller satellite rotary peeling 

operations. These smaller operations could be located much closer to the forest, 

therefore reducing log haulage distances and associated costs. Indeed, the equipment 

installations have the potential to be relocatable by moving to new areas of forest as 
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required. This approach could be particularly attractive to locations where plantation 

areas are widely distributed. Unseasoned or semi-dried veneers could then be 

transported to a main hub where veneer drying and further processing would occur. This 

could significantly reduce the transported volume and weight, and therefore reduce the 

associated costs as only recovered and usable veneer would need to be transported. 

 

The use of spindleless veneering technology enables processing of log sizes and log 

qualities unable to be physically processed using alternative and more traditional 

methods. The ability to peel a log leaving a peeler core less than 50 mm diameter 

signifies that much more of the log can be recovered than by using other processing 

systems which target value-added outcomes. Veneer processing using spindleless 

methods was demonstrated as able to overcome many of the processing challenges 

identified as barriers for more traditional approaches when converting plantation logs 

(e.g. small diameter logs, growth stresses, end splits, variation in wood properties).  

 

While the study focused on the veneer performances and qualities that were recovered 

by using this processing method, opportunities exist to assess the performance of the 

technology itself. Despite the principle of spindleless lathes have existed for many 

decades, their adoption within industry has been limited for various reasons including 

the production of unacceptable veneer thickness variation (Baldwin 1995). Rapid 

developments in recent years has enabled designs to progress from mechanical controls 

to more advanced operating and control systems that incorporate approaches such as 

direct servo controls to improve the lathe performance (Guo and Yang 2010). An 

assessment of lathe specifications, designs, control systems and resulting performances 

would aid in the selection of suitable equipment for any given industrial application. 
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In addition, processing protocols surrounding the lathe requires further investigation. 

Optimisation of log storage and billet pre-conditioning (i.e. temperature and method of 

heating) will enable improved veneer peeled qualities and allow more effective log 

management prior to processing. This would enable better management of log splitting 

during log storage and during pre-conditioning. Similarly, while veneer drying didn’t 

expose any difficulties during the study, opportunities exist to investigate more 

optimised drying conditions. Optimised parameters have the potential to lead to reduced 

drying time, reduced drying cost and improved veneer quality. Research in these areas 

would be a logical extension to the work detailed in this dissertation. 

 

Given the spindleless lathe processing methods are capable of processing small 

diameter logs, opportunities of reducing final harvest age should be further investigated. 

Shortened rotation lengths could also reduce the effectiveness of classical silvicultural 

treatments as volume growth post treatment (i.e. pruning) may be too short to produce 

sufficient quality and/or quantity gain to offset the cost of treatment. Indeed, short 

rotation lengths and minimal silviculture may reduce defect size and severity (i.e. small 

tight knots compared with large decayed knots) to within limits more acceptable for 

product manufacture. Reduced rotation lengths would be expected to have a positive 

influence on the profitability for forest growers. 

 

The methodology adopted during the study enabled density, MoE and specific MoE to 

be characterised across the billet radius and also along the veneer ribbon length 

(Chapter 5). The successful use of this methodology supports the findings of Wang et 

al. (2012) that rotary veneer can provide a very effective tool to facilitate systematic 
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sampling for thorough wood properties measurement. Using this method, other 

properties such as shrinkage, colour, moisture content and grain deviation could be 

more accurately determined and quantified in terms of within tree, between tree and 

between area variations. Given the method essentially unrolls the tree along its material 

growth pattern and with minimal waste, opportunities exist to further evaluate internal 

defects such as knots, gum veins and decay to gain a clearer understanding of the defect 

evolution and the tree’s reaction to specific events (e.g. pruning, thinning, disease, fire). 

Indeed, with the combined knowledge of log geometry, log internal structure and wood 

properties gained from rotary veneer, the opportunity exists to digitally reconstruct the 

tree structure and properties topography.  Simulations could be then conducted by 

applying various processing methods targeting different end-products with the resulting 

volume and quality being modelled. From this, the most profitable processing and target 

end-products could be determined for any given forest resource. 

 

The study has successfully demonstrated that the Australian plantation hardwood 

resources can be processed into rotary veneer using spindleless lathe methods. The 

resulting veneer has visual qualities and mechanical properties that are suitable for the 

manufacture of structural products. Further research is necessary to determine the most 

suitable structural products and the manufacturing protocols required to efficiently make 

them. Unreliable bonding performances would need to be resolved (Hopewell et al 

2008, Thomas et al. 2009, Farrell et al 2011, Bailleres et al. 2013). Efficient 

construction strategies that optimise the use of the available veneer grade and 

mechanical qualities  would need to be developed. Consideration should also be given 

to the blending of plantation hardwood veneer with veneers from other forest resources 

to further improve resource usage and final product qualities and performances. Any 
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research in this area would necessitate a detailed review of the market to enable the 

identification of products and market niches that better suit the qualities and 

performances of the plantation veneers. A thorough value chain analysis would be 

necessary to identify the most profitable production scenarios.   
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