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SUMMARY 

An increment core compression cylinder to accommodate 5 mm. diameter 
X 160mm long increment cores was designed and fabricated. Design 
c r i t e r i a which were examined were: ab i l i t y to minimize difference 
between the i n i t i a l core diameter(D ) and inside cylinder diameter 
(D ) so that the compressed core would asumme D̂ ;̂ capability to 
withstand lateral forces generated during compression, and maximizing 
ease of insertion and removal of the cores. The design chosen which 
best met two of the above c r i t e r i a was a s p l i t design which consisted 
of two longitudinal halves capable of being opened and closed to 
insert and remove the core samples. The magnitude of the lateral 
forces was determined by a combination of analytical and experimental 
techniques. Once the size and number of clamps necessary to prevent 
opening of the cylinder during compression of cores was determined, 
measurements of compressed density were made on 26 wood cores taken 
with 3 different diameter borers and from 4 different species. 
Results indicated that very nearly constant values for compressed 
density were obtained when the difference Dĵ -D was less than 0.15mm 
at a load of 408kg. When the load was reduced ?o 227kg the results 
were slightly more variable. 

Two f i e l d prototype density testers were built, one incorporating a 
screw mechanism to apply the compressive force, and the other a 
hydraulic ram. A small aluminum cantivlever beam was designed and 
built to act as a load monitor in the screw system. A pressure gauge 
was used for this purpose with the hydraulic apparatus. To increase 
the compactness of each design, the compression cylinder was mounted 
beside either the screw or hydraulic ram, and a pusher plate was used 
to transmit the linear force to the plunger in the compression 
cylinder. Laboratory tests on the screw operated prototype revealed 
that as a result of a bending moment on the pusher plate, the torque 
required to achieve the desired load of 408kg was too great to allow 
operation either by hand or by a battery operated d r i l l . 

In the hydraulic system the design load could easily be applied but 
the question arose as to whether inaccuracies might result due to 
pauses in the continuity of compression after each stroke of the hand 
pump. Not enough testing was carried out in this project to fu l l y 
answer this question. 

Cost of materials for the hydraulic version was considerably higher 
but labor required was approximately half that of the screw model. 
Weight of the hydraulic model was approximately twice that of the 
screw, and the necessity for high pressure hoses to connect the pump 
to the ram made i t more bulky. It is f e l t that i f a f u l l y portable 
instrument is required, the screw model would possess more advantages, 
providing the torque required could be reduced to an acceptable level. 
If a truck mounted model is desired, a hydraulic system powered by a 
motor driven pump would be more suitable. 
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1.0 OBJECTIVES 

1. To modify the design for an increment core compression cylinder, 
used in phase I of this project, and test i t in a mechanical 
properties testing machine at Forlntek's Western Laboratory. 

2. To design and construct several models of a prototype instrument, 
using the core compression cylinder as an integral part, and test 
them in the laboratory and under actual f i e l d conditions. 

2.0 INTRODUCTION 

Since 1974, Western Laboratory staff have been involved in the 
assessment of relative density of increment cores taken from parent 
trees and plus-trees candidates in order to advise the members of the 
Coastal Tree Improvement Council (CTIC) on the best quality trees to 
be included in their tree breeding program. In May 1981, the CTIC 
o f f i c i a l l y expressed i t s commitment to the consideration of wood 
relative density in its tree improvement program when i t passed the 
following motion: "Wood-density goals and a strategy for meeting 
these goals should be developed for each species for which there is a 
tree improvement program.* The implication of this commitment 
relative to the number of trees which must be assessed for relative 
density, particularly in regard to progeny testing, i s substantial. 
What is urgently needed is a means of rapidly assessing, in the f i e l d , 
wood relative density of both mature and young trees. This need has 
been pointed out by the CTIC, the Research Branch of the B.C. Forest 
Service, and the Research Program Committee of Forintek Canada Corp. 

The same need has also been recognized in other areas of the world. 
The Pilodyn instrument was developed by a Danish firm, Kai 
Spangenberg, to obtain a quantitative measure of the degree of soft 
rot in wood transmission poles. The test consists of injecting a 
spring-loaded steel striker pin into the wood. The penetration of the 
pin depends on the degree of decay. The instrument has also been used 
by a number of research workers (Cown, 1978, Hamm and Kellogg, 1979, 
Taylor, 1981, Micko et a l ; 1981) to evaluate wood density in trees. 
In general, the results have indicated that although the instrument is 
capable of assessing the average density of families or clones, 
individual tree density cannot be evaluated precisely enough to be 
useful. A Pilodyn instrument with repeated striking action, also from 
Kai Spangenberg, and capable of penetrating to 10 cm, was tested at 
Forintek in 1983 (Kellogg and Hamm, 1984). Unfortunately, i t s 
accuracy was similar to the single strike Pilodyn. 

A mechanical torque borer method of evaluating wood density has also 
been developed and tested (Polge and Keller, 1970, Nicholls and Roget, 
1977, Cown, 1978). The principle of the method is that both cutting 
and compressive forces involved in the action of an increment borer 
are directly related to the density of the wood being bored. The 
method has offered some premise, but the precision of estimate has 
been similar to that of the Pilodyn instrument. 



An electronic torque measuring increment borer has been developed and 
tested at Forintek's Western Laboratory. No significant improvement 
in accuracy was achieved with this technique (Kellogg and Hamm, 1984). 

Most recently, Nicholls (1985) developed a technique based on the nail 
withdrawal resistance in wood. A l l of the above methods suffer three 
main disadvantages: 

1. They are species dependent, and therefore, a separate correlation 
or calibration line must be established for each species which 
measurements are to be taken in. 

2. A l l except the electronic torque borer are limited in the portion 
of the tree stem they can measure. 

3. Accuracy is variable and in most cases, too low to be able to 
measure wood density of individual trees. 

3.0 BACKGROUND 

In phase I of this project (Hamm, 1985), i t was demonstrated that a 
technique based on compression of increment cores into solid wood 
substance could overcome a l l of the above disadvantages; i.e., i t was 
independent of species, had good accuracy and could acconmodate 16 cm 
long cores in one measurement. Greater penetration could be achieved 
by spl i t t i n g longer cores into two or more segments or by building a 
longer compression cylinder. On this basis, i t was decided to proceed 
with construction of a f i e l d prototype instrument. 

4.0 STAFF 

E.A. Hamm Wood Scientist 
Project Leader 
Wood Science Dept. 

Link Olson Senior Technologist 
Wood Engineering Dept. 

R.M. Kellogg Manager 
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5.0 MATERIALS AND METHODS 

One of the problems encountered in the laboratory model of the 
increment core compressor, tested in phase I was that the diameter of 
the compressed core (D ) could not be assumed to be identical to that 
of the cylinder bore (Ŝ )̂. Lateral expansion in the parallel to fibre 
direction during compression was considerably less than anticipated, 
in the order of 0.15mm, or three percent, and therefore screws were 
installed in the cylinder wall, perpendicular to the long axis, to 



enable measurement of the parallel to grain compressed core diameter 
(D ). It was found that the perpendicular to grain compressed 
diamfeter was equivalent to D^. in an attempt to eliminate the 
necessity for this measurement the bore of the cylinder was reduced 
from 5.55 mm (.22") to 5.33 mm (.21"), both designed to accommodate 
nominal 5 mm cores. A few t r i a l s with the reduced bore cylinder 
revealed that s t i l l was not equivalent to the cylinder bore. It 
was f e l t that futther reduction in the bore would not be feasible 
since insertion of a core would then be d i f f i c u l t . Also, this design 
necessitated insertion of an extension rod to f a c i l i t a t e removal of 
the compressed core, and use of some type of pull through brush for 
periodic cleaning of the cylinder bore. It was then decided that a 
s p l i t cylinder; i.e., one consisting of two longitudinal halves, would 
offer several advantages: the bore could be made almost identical to 
the i n i t i a l core diameter (D ), and insertion and removal of the core 
and cleaning would be simpllried by having a cylinder that could be 
opened up to expose the bore. Also, holes provided for moisture 
escape could be d r i l l e d at the seam, allowing them to be opened up for 
cleaning. 

To construct the s p l i t cylinder, two 25x13 mm x 190 mm (l"xl/2"x7.5* ) 
brass bars were put together, hinged on one side and latched on the 
other with a thumb nut on a hinged 6.5 mm (1/4") threaded rod. A 5.1 
mm hole was then bored through the centre (Figures 1 and 2) and holes 
for moisture escape were d r i l l e d at 45 angles. The ends and centre 
were turned down to 19 mm (3/4") to reduce the weight and enable them 
to f i t into the frame which had already been built for the 19 mm 
diameter cylinder (Figure 3). 

Three different designs for applying the compressive force in a f i e l d 
prototype unit were drawn and constructed. One was a hydraulic system 
consisting of a two-way hydraulic cylinder, pump, hoses and four-way 
valve. The hydraulic piston was mounted beside the compression 
cylinder, as shown in Figure 3, and the force was applied to the ram 
on the downward stroke. Pressure could be applied on the upward or 
return stroke as well, in case some of the wood from the core should 
become extruded past the plunger, causing i t to stick. The hydraulic 
cylinder was of a type that could be built according to the customer's 
specifications of bore, stroke, double acting or single acting, and ^ 
regular or over-size ram. A hand pump with a capacity of 8600 psi/in 
(59.3 megapascals) pressure was used to actuate the ram, and a four-
way valve was used to route the o i l from one end of the cylinder to 
the other. 

Two screw type designs were conceived: one to be operated by hand 
(Figure 4), and the other by a battery operated d r i l l (Figure 5). 
These two designs are basically the same and differ only in the size 
and pitch of the screw used for applying the force. In the hand 
operated model, a 22 mm (7/8") diameter square thread screw with a 
course pitch of six threads per inch was used to minimize the number 
of turns required, and therefore operator fatigue, to achieve the 
desired stroke. In the d r i l l operated version, a 13 mm (1/2") diameter 
screw with a very fine pitch of 28 threads per inch was made to 



Figure 1. Closed view of s p l i t core compression cylinder showing one 
clamp at top (A) and two at bottom (B) and (c). 



Figure 2. Open view of core compression cylinder with increment 
core (A) and moisture escape holes (B). 



Figure 3. Field prototype incranent core compressor with hydraulic 
system showing pump (A), hydraulic ram (B), and one piece 
core compression cylinder (C). 



Figure 4. Hand operated f i e l d prototype core compressor. 



Figure 5. Cordless d r i l l operated f i e l d prototype core canpressor 
showing caliper for displacement measurement. 



provide maximum mechanical advantage. According to calculations which 
were made, i t should be possible to exert a 408 kg. (900 lb.) axial 
force, the design load established from the f i r s t phase, with either 
screw system . 

It was also found in phase I that complete incompressibility was not 
achieved, and therefore D was measured at a constant maximum load of 
408 kg. Since good results were obtained using this procedure, i t was 
decided to continue this practice in the f i e l d prototype. A pressure 
gauge was used on the hydraulic system to monitor the axial load being 
applied to the plunger. Optionally a pressure switch could be used 
Instead of a gauge. A pressure switch w i l l close a set of electrical 
contacts at some preset pressure, and thus can be used to activate an 
alarm when the desired load is reached. For the screw system, a 
cantilever beam was designed to be used as a single point load c e l l 
(Figure 6.) A 25x13 mm. aluminum bar was used for this purpose, and 
the span used was such that a 4 08 kg. load would result in a 
deflection of .75 mm. at the end of the beam. Electrical contacts 
were placed at the end of the beam and directly underneath in the base 
so that when the contacts closed, an alarm would be activated to 
signal the operator that the maximum load had been reached. The alarm 
consisted of a mini buzzer operated by two penlight batteries. The 
lower contact, located in the base was spring loaded so that no damage 
would result from over-travel. The i n i t i a l and compressed volume of 
the increment core was measured with a caliper as shewn in Figure 5. 

The load beam, shown in Figure 6, was calibrated by installing i t in a 
mechanical properties testing machine, and a load versus beam 
deflection curve was established (Figure 7). The gap between the 
contacts was measured with a feeler type thickness gauge. Repeat
abi l i t y , considered to be of utmost importance, was also checked. 
Figure 7 Illustrates calibration lines obtained from two separate 
beams which were tested. 

Volume calculation of a cylinder requires diameter and length 
measurements. From phase I, i t was learned that D could be assumed 
to be constant and equivalent to the borer diameter. Compressed 
diameter (D ) is intended to be equal to D , leaving only i n i t i a l 
and f i n a l length of the core that have to be measured. 



Figure 6. Cantilever beam for monitoring load in screw system, with 
electrical contacts A and B. 



12004 

1 iooH 

1000^ 

900H 

800H 

£ 700H 

< o 
600H 

500H 

400H 

300H 

200H 

lOOH 

2nd Beam 

1st Beam 

10 15 20 25 30 

DEFORMATION (0.001") 

Figure 7. Cantilever load beam calibration curve. 

35 40 



6.0 RESULTS AND DISCUSSION 

6.1 TRIALS OF SPLIT CYLINDER DESIGN 

I n i t i a l t r i a l s of the s p l i t cylinder indicated that the lateral forces 
being generated during compression of cores were considerable and that 
the hinges and 6.5mm rods provided to fasten the halves of the 
cylinder together were inadequate to withstand the forces being 
generated. Calculations were then made from the equations of stress 
and strain for anisotropic materials to ascertain whether the forces 
present were actually due to lateral expansion of the wood cores. The 
other possibility considered was the development of hydrostatic 
pressure caused by inability of water pressed out of c e l l cavities to 
escape from the cylinder. Equations used were as follows: 

ET = - i / E ^ (â  - v^L^^L - VJĴ CTR) 

ER = - i/E^ («JR - VRLOĴ  - Vĵ â̂ ) 

where L = longitudinal axis of wood 
R = radial axis 
T = tangetial axis 
e = strain 
a = stress 
E = modulus of e l a s t i c i t y 
V = Poisson's ratio 

In compression of an increment core, the radial axis of the wood would 
be aligned with the longitudinal axis of the compression cylinder and 
the two lateral directions would be the longitudinal and tangential 
axes of the wood. 

Although the majority of the lateral expansion does not occur in the 
linear range of the material, and the above equations apply to the 
linear range only, results obtained for the value of a . p U s i n g Poisson's 
ratios available for Douglas-fir, seem to be in good agreement with 
actual conditions encountered. It was found after sc«ne experimentation 
that a clamp consisting of two 3/8' (9.5 mm) diameter steel bolts 
could limit movement in the two halves of the cylinder to .001" (.003 
mm). This amount of deformation would require a force of 3313 pounds 
(1503 kilograms) to achieve. Calculations for force in the tangential 
direction, assuming a 45° segment on each half that the tangential 
stress would be acting, would be 2970 pounds (1347 kilogreuns) at an 
axial load of 900 pounds (408 kilograms) and assuming a difference of 
.08 mm i n i t i a l l y between D^ and D̂ .̂ 



Brass, the material used for the compression cylinder, was found not 
to be s t i f f enough to be practical for use in a s p l i t type cylinder. 
At the maximum axial load of 408 kilograms, two clamps were required 
in the bottom half to prevent opening of the halves due to lateral 
forces, as shown in Figure 1. In cases where the compressed core 
length exceeded half the length of the cylinder, opening s t i l l 
occurred above the middle clamp. Brass has a modulus of ela s t i c i t y 
(MOE) of approximately 15.5 x 10 psi (107,000 megapascals), as 
opposed to 200,000 Mp for steel. Hence, a cylinder constructed of 
stainless steel, also non-corrosive, would have nearly twice the 
stiffness and therefore twice the a b i l i t y to transmit clamping forces 
along the length of the cylinder from where the clamp is applied. The 
objective in designing a cylinder, aside from being rugged enough to 
withstand the forces generated, is to make insertion and removal of 
the wood core as convenient and as quick as possible. Therefore, i t 
is desirable to keep the number of clamps necessary to a minimum. 

6.1.1 Measurements of Compressed Densities 

Good data points of compressed density were obtained for a total of 26 
cores on four different species, with a range of basic bulk densities 
of from 0.48 down to 0.37 gm/cc. Three different borers were used to 
obtain the cores, and each produced cores with a different D , ranging 
from 0.197" to 0.203' (5.00 to 5.16 mm). The principal upon°which 
this technique is based on is that i f wood substance density is 
constant, then the bulk density can be calculated from the ratio of 
bulk to compressed volume, multiplied by compressed density. To 
achieve maximum accuracy using this technique, the spread in 
compressed densities must be minimized. The results of the measure
ments are presented in Table 2, and are segregated into the four 
species used: western hemlock, Douglas-fir, amabilis f i r and lodgepole 
pine. A summary of Table 2 is given in Table 3. Results indicate 
that with a core diameter of 5.16 mm inside a cylinder of 5.31 mm 
diameter, good results can be obtained for values of compressed 
density ( p ) by assuming (D^) to be equivalent to Dĵ  with a range of 
1.09 to 1.13 gm/cc. If cores with a D of 5.08 are added in, the 
range in p increases from .04 to .08 gm/cc, from a low of 1.05 gm/cc 
to 1.13. Addition of the 5.00 mm cores increases the range of p 
further from 1.03 to 1.15 gm/cc. This data would indicate that a 
difference of no greater than 0.15 mm must be maintained between D 
and for best results. The implication of this is that since borers 
of the same ncminal diameter vary slightly in their actual diameter, 
care must be taken to match the diameters of borer and compression 
cylinder, by specifying the former or the latter. 

It would be advantageous, both in construction of the apparatus and in 
i t s operation i f the force required for compression of increment cores 
could be reduced. This would allow the apparatus to be built lighter, 
and would reduce the effort and time required to compress the wood 
core into c e l l wall material. To examine the f e a s i b i l i t y of this, the 
compressed density of a l l the cores was calculated at a load of 227 
kilograms (500 pounds), as opposed to 408 kilograms used in phase I 



I.D. No.* I n i t i a l Basic Ccanpressed Compressed 
Core Bulk Density Density 

Diameter Density at 227 kg. at 408 kg. 
(mm) (gm/cm ) (gm/cc) (gm/cc) 

HW 2-2 
DF 
DF 
DF 
DF 
DF 
DF 
DF 

1 
2 
3 
4 
6 
8 
9 

HW 2-1 

5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.08 
5.08 

0.402 
0.390 
0.372 
0.362 
0.407 
0.3 87 
0.386 
0.478 
0.407 

0.96 
0.98 
0.96 
1.03 
0.94 
0.95 
0.99 
0.99 
0.97 

1.11 
1.12 
1.10 
1.15 
1.03 
1.04 
1.07 
1.09 
1.06 

LP 311A 
LP 32B-0 
LP 32B-I 
LP 318B 
LP 3 6B-0 

5.16 
5.16 
5.16 
5.16 
5.16 

0.379 
0.403 
0.3 87 
0.434 
0.431 

1.07 
1.06 
1.06 
1.06 
1,07 

1.12 
1.13 
1.13 
1.12 
1.13 

BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 

1 
2-1 
2-2A 
2- 2B 
3- 1 
4- 1 
4- 2 
5- 1 
6- 1 
6-2A 
6- 2B 
7- 1 

5.16 
5.13 
5.08 
5.08 
5.16 
5.16 
5.16 
5.16 
5.16 
5.10 
5.10 
5.13 

0.439 
0.437 
0.400 
0.449 
0.481 
0.446 
0,423 
0.471 
0.441 
0.436 
0.437 
0.401 

1,03 
0.99 
0.98 
1.01 
1.01 
1.02 
1,02 
1.05 
1.04 
1.00 
0.93 
1.00 

1.09 
1.07 
1.05 
1.08 
1.09 
1.10 
1.13 
1.12 
1.13 
1.09 
1.06 
1.11 

*HW = western hemlock 
DF = Douglas-fir 
LP = lodgepole pine 
BA = amabilis f i r 



SUMMARY OF COMPRESSED DENSITIES 

Borer No. of Mean Range Mean Range 
Diameter, D. cores Compressed Ccanpressed 

(mm) Density at Density at 
227 kg load 408 kg load 

(gm/cc) (gm/cc) 

5.00 7 0.97 0.94-1.03 1.09 1.03-1.15 

5.08 8 0.98 0.93-1.01 1.08 1.05-1.11 

5.16 11 1.04 1.01-1.07 1.12 1.09-1.13 



and for the data in Table 2. Values for p at 227 kilograms are also 
given in Table 2. Once again, those cores with D of 5.16 mm gave the 
best results, with a p range of .05 gm/cc, from 1.01 to 1.07. When 
cores with 5.08 mm D were included, the range Increased to .09 gm/cc, 
from a low of 0.98 to a high of 1.07. Addition of cores with D of 
5.0 mm increased the range to 0.13 from a low of 0.94 to a high of 
1.07. These results indicate that values at the lower maximum load 
are more sensitive to the diameter difference, D̂^ - D than at the 
higher load, and this difference should be reduced sl?ghtly to obtain 
the same accuracy as at the higher load. 

The amount of data presented here is somewhat limited and is possibly 
not f u l l y representative of the range of conditions l i k e l y to be 
encountered, but due to time constraints, no further data could be 
acquired. Values for p are in line with what was anticipated 
however, based on experience acquired in phase I, i.e., that an 
improvement in accuracy should be noticed with a decrease in (Dj^-D^). 

6.2 CALIBRATION OF LOAD BEAM 

Figure 7 shows plots of load versus displacement for two 13x25 mm 
aluminum cantilever beams used as load indicators. A slight 
non-linearity can be seen with a point of inflection at 227 kg. 
Repeatability was 6.8 kg at 227 kg. 

The two lines are nearly coincidental, indicating that one calibration 
line could be used for a l l beams produced with the dimensions and 
material. This would simplify mass production by eliminating the need 
for individual calibration lines for each beeun. 

A cost analysis of the three prototypes constructed is presented in 
Table 1. Basic cost of the hydraulic system is the highest by a 
considerable margin. However, the labour required is one-half of that 
for the screw system, since more of the components are available off 
the shelf. 

6.3 RESULTS OF SCREW SYSTEM TRIALS 

Laboratory t r i a l s were conducted with the screw system once the load 
monitor was functioning as required. A crank with a 15 cm lever arm 
was used to hand operate the apparatus in the vertical position 
(Figure 4). It was found that rotational and bending forces created 
while cranking were too great to be counteracted by planting one's 
feet on the base plate provided. Also, the lever arm tended to 
interfere slightly with the operator's legs. By placing the apparatus 
in a horizontal position on a bench, and restraining i t by hand, an 
axial force of 318 kg (700 pounds) could be obtained, with 
considerable effort. Torque measurements indicated a torque of 50 
kg-cm to achieve an axial load of 318 kilograms. This was approxi
mately twice the torque predicted, where a f r i c t i o n co-efficient of 
0.1 was assumed. The increase in torque over predicted was attributed 



Cost Comparison of Two Prototype Designs 

1. HYDRAULIC SYSTEM 

Single Acting 

Components 

Hydraulic cylinder 
Pump 
3' hose & fit t i n g s 
Gauge 
Quick Couplers 
Electronic Caliper 
Metal 

Total 

Double Acting 

4-way valve 
2nd hose 

Total 

Cost of 
Materials 

326.50 
172.00 
37.50 
37.50 
-35.00 
165.00 
-20.00 

593.00 

+91.00 
+37.00 

Labour 

'2 days 

886.00 

2. SCREW SYSTEM 

Hand System 

Components Cost of 
Material 

Labour 

Metal 
Hand Wheel 
Electrical Parts 
Caliper 

Total 

Cordless D r i l l System 

D r i l l 

Total 

30.00 
8.00 
12.00 
165.00 

215.00 

+ 200.00 

415.00 

4 days 



to the bending forces present in the nut provided to apply the axial 
force to the plunger. The side-by-side design which was introduced to 
make the device more compact necessitated the presence of a bending 
moment on the hut, resulting in a considerable increase in torque. 

Replacing the conventional screw with a ball-bearing screw would 
probably reduce the torque to an acceptable level. Also, a flanged 
bushing provided in the top support of the screw as both a thrust and 
rotational bearing surface could be replaced with a ball-bearing 
thrust plate to further reduce f r i c t i o n in the screw. Ball-bearing 
screws have an efficiency of 90 percent in converting torque to 
thrust, as opposed to a maximum of 80 percent for conventional screws, 
and this was reduced considerably in this situation due to bending. 

An AC operated variable speed d r i l l was used to operate the core 
compressor, with the extra fine thread 1/2" - 28 screw in place. It 
was found that a maximum axial load of only 181 kilograms (400 pounds) 
could be achieved with the d r i l l , and the load which could be obtained 
with a battery operated d r i l l would be considerably less. Therefore, 
the efficiency of the screw would also have to be increased 
considerably in order for a battery operated d r i l l to be used as a 
power source. 

6.4 TESTS OF THE HYDRAULIC SYSTEM 

Figure 3 shews the hydraulic apparatus for increment core compression. 
No problems were encountered in applying the necessary force for 
compression of the core. A pressure gauge was used to measure the 
force being applied. To translate pressure into force, the gauge and 
cylinder was calibrated in a mechanical testing machine. Some bending 
was observed in the 1/4" thick steel pusher plate, and the thickness 
of the plate was then doubled to 1/2". Bending was s t i l l present in 
the thicker plate, but no time was available to further modify the 
plate. This problem could be easily overcome by taking displacement 
measurements directly in line with the plunger. 

One possible complication which was observed with the hydraulic 
apparatus was the lack of continuity in applying the force during 
compression of the core, ^^proximately 20 - 30 strokes of the pump 
are required to achieve 408 Kilograms of force, depending on the core 
length, and each time the compression is stopped, a relaxation in load 
occurs. This phenomenon is illustrated in Figure 8, where the load 
was allowed to relax and then applied again. When loading is resumed, 
some additional deformation w i l l result in bringing the load back to 
the level i t was at when compression was stopped. There is also the 
possibility, however that after some number of relaxation periods, the 
additional deformation upon resumption of loading reaches zero, and 
therefore, a point of incompressibility is reached. If this is the 
case, the value of p for the hydraulic system w i l l be higher tham 
for a method where the load is applied continuously. A thorough 
examination of the phenomenon must be made before the instrument can 
be used as a measuring device. It was observed in t r i a l s with the 
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ure 8. Typical displacement plot obtained on X - Y recorder, 
note additional displacement after load relaxation (A). 



hydraulic system that a considerable relaxation in load s t i l l occurred 
when compression was stopped after reaching the maximum load. 

Overall, the hydraulic system is sranewhat more cumbersome, heavier and 
more expensive than the screw system. If the pulsed pressure 
application is found to be acceptable, the system could be simplified 
by converting the hydraulic ram to a single acting system, since no 
problems have been encountered with the plunger head sticking. This 
would eliminate one of the high pressure hoses and the four-way valve 
for switching f l u i d flow from one end of the piston to the other. On 
the other hand, i f i t is necessary for the plunger stroke to be 
continuous, some additional equipment would be required. This could 
consist of either a hydraulic f l u i d reservoir, known as an 
accumulator, or a small internal combustion engine operated pump. 
Either one would increase the weight and cost of the apparatus. Also, 
a quick coupler could be installed so that the pump could be easily 
separated from the ram. 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

1. The design chosen for a wood core compression cylinder, in order 
to obtain the most accurate results and be the most convenient to use, 
was a s p l i t cylinder consisting of two halves that could be opened to 
insert and remove the increment cores being tested. Data from tests 
performed on cores from several different species and three different 
diameters of cores indicated that this cylinder gave very accurate 
results when the difference between i n i t i a l core diameter and cylinder 
bore was less than a c r i t i c a l value of 0.15 mm. Substantial lateral 
forces of approximately 1400 kilograms were generated during 
compression of cores. Therefore, several clamps were necessary with 
adequate stiffness to prevent opening of the cylinder halves. Clamps 
which are convenient to i n s t a l l and remove have yet to be made. 

2. A prototype f i e l d Instrument, using a screw mechanism to apply 
compressive force to the compression cylinder, did not perform 
according to specification. Too much torque was required, both in the 
hand and power operated version, to be able to apply the required 
axial force of 408 kilograms. Calculations of compressed density at a 
reduced load of 227 kilograms indicated that very nearly the same 
accuracy could be obtained at this load level. However, this s t i l l 
would not be within the capability of the power operated system i f a 
battery operated d r i l l was used as a power source. The main source of 
f r i c t i o n was identified as the bending moment on the pusher plate nut 
used to apply the compressive force. The mounting of the screw beside 
the compression cylinder rather then axially aligned with i t , in order 
to make the instrument more ccanpact, resulted in the bending moment 
and therefore, an increase in the normal forces exerted on the screw 
threads by the pusher plate. 

3. A second model of a prototype f i e l d instrument, consisting of a 
hydraulic cylinder and pump, performed well in being able to apply the 
required axial force. A possible problem source Identified in this 



model was the pulsing nature of the compression of the wood samples 
with each stroke of the pump. This could result in additional 
deformation over that incurred i f compression was carried out in one 
continuous motion, resulting in inaccuracies in the density measure
ments. The question of whether this is a problem, or whether i t is a 
procedure for which compensation can be made, has yet to be resolved. 

4. Following is a comparison of the two prototype models: 

Characteristics Screw Model Hydraulic Model 

Materials Cost 
Labour Cost 
Weight 

Physical Size 
Ease of Operation 

low 
high 
8.5 lbs 
(3.85 kg) 
compact 
d i f f i c u l t 

high 
low 
15 lbs 
(6.8 kg) 

cumbersome, awkward 
good 

The use of rotary motion in the screw model introduces both bending 
and twisting moments in the main frame of the device. These must be 
counteracted by bracing i t with the operator's hand and feet. Only 
linear motion is present in the hydraulic apparatus; therefore, l i t t l e 
restraint is needed during i t s operation. 

7.1 RECOMMENDATIONS 

1. The compression cylinder should be made out of stainless steel, 
which has nearly twice the stiffness of the present material, brass. 
This, in combination with heavier construction in the botton half, 
should make a heavy clamp in the botton half and a light clamp in the 
top, adequate to prevent opening of the cylinder halves due to lateral 
forces generated during compression. 

2. At this time, not enough information is available to make a 
definite reconmendation as to which prototype design is most suitable. 
If the torque can be reduced to an acceptable level in the screw 
system, either by using a ball-bearing screw or by some other suitable 
means, then i t is the author's recommendation that this model be 
adopted for general f i e l d use. 

Some market information obtained indicates that considerable demand 
exists for a truck-mounted wood density tester. Such a unit could be 
best constructed of a hydraulic ram actuated by an electric motor 
driven pump. 
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