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Abstrac

Five chuck configurations were used to determine max-
Imum torque deliverable to peeling blocks of four
species. Chucks with relatively slender spurs trans-
mitted greater torque before spinning out than did
chucks with relatively large circumferential surface pro-
files. Maximum torque Increased with depth of spur
penetration. Umiting factors were spur stiffness and
strength.

Properly designed chucks can deliver substantially In-
creased torque, thus reducing spin-out rate at a
minimal cost.
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Note

This paper Is the first In a series of four papers
describing the FPL powered back-up roll. The other
Research Papers are:

FPL 428 Powered Back-Up Roll-New Technology
for Peeling Veneer

FPL 429 Laboratory Performance of a Powered "V
Beck-Up Roll for Peeling Veneer

FPL 430 Industrial Performance of Powered Back-Up
Roll for Peeling Veneer
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Introduction logs. The most common problems were soft centers,
spin-out, and splits In logs. The percent unpeelable

Increasing log costs have Increased the need to varied from negligible to 40 percent. The "negligible"
achieve maximum recovery from logs. Because veneer reports came from mills that had already segregated
Is one of the most valuable products recovered from a the logs before they arrived at the mill. Based on this
log, developments that increase veneer yield are survey, a reasonable estimate would be that 25 percent
especially important to effecting better utilization of of logs from the forest are considered not peelable.
our natural resources. Among logs considered peelable, a certain percentage

still spin-out. Estimates from Industry Indicate that as
As the supply of large-diameter peeler logs has many as 7 percent of sound new-growth logs spin-out.
diminished, the problem of reduced yield has been ac-
centuated. The relatively small size of logs being To put this into perspective, consider a plywood plant
peeled and the necessity of peeling to smaller core producing 100 million square feet per year, 3/8-inch
diameters aggravate problems that exist even with basis, from logs averaging 14 Inches in diameter. With
large-diameter logs. One problem that is especially in- logs this size, spin-out generally occurs when the outer
fluenced by efforts t9 reduce core diameter is spin-out, chucks retract. This results in an v,- a core of about

8 or 9 inches in diameter, compar,. ,:)ica! target
Spin-out occurs when the torque required to turn the core diameter of 5 Inches. With a s; * of 7 per-
veneer bolt exceeds the amount deliverable to the bolt cent, the loss is equivalent to almost ... An square
through the chucks, and the chucks spin free In the feet of 118- Inch veneer. At a cost of *X per thousand
ends of the bolt. While no detailed information Is square feet, such a loss would amount to more than
available that accurately defines the magnitude of the $160,000 per year for that plant. While better peeling
problem, it is certainly significant. Different plants suf- techniques and better chuck designs will not com-
fer the problem in varying degrees, but the result is the pletely eliminate oversize cores, It Is apparent that
same In all. Veneer bolt spin-outs waste both money reducing the spin-out rate by even 1 percentage point
and raw material that could be converted into useful would be significant.
products.

Background b ne s
In 1974, at the request of the Forest ProductsLaboratory (FPL), the American Plywood Association The problem of veneer bolt spin-out hall been Investi-

surveyed 47 plywood plants for causes of unpeelable gated using a number of different approaches. The fun-
damental problem Is to provide sufficient torque to the

Maintained at Madleon, We., In cooperation with the Univeralty of bolt through the chucks to overcome the forces en-
Wisconsin. countered when peeling the bolt. The torque, T, re-
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quired to peel veneer Is a function of the tangential
component of the cutting force, FT, the radius, R, the
angular acceleration of the bolt, a, and the mass mo-
ment of Inertia, 1.

PRSSRE
T=FT R+ I a.

For the case most common in practice, in which spin-
out occurs when the outer chuck retracts, the compo-
nent of torque due to the angular acceleration of the
block is negligible compared to the torque due to the
cutting force. So, for all practical purposes, the torque
delivered to the bolt during peeling Is T = FT (fig. 1).KNF

Previous experiments have Investigated the effects that
various treatments have on both the magnitude of FT
and the ability of the chucks to Impart a greater torque
to the bolt (9)2

St bFigure I.-Cross section of a veneer lathe showing
The resultant cutting force has several components. resultant cutting forces and torque.

Among these are frictional drag between the knife and (M 149 924)
'the bolt, friction between the pressure bar or roller and
the bolt, the tangential force between the knife and the
bolt required to cut the wood fibers, and the radial spin-out. Thus, while reducing the thickness of the
force that the pressure bar exerts on the bolt. All of veneer being cut could result in less bolt spin-out, other
these forces directly or Indirectly affect the tangential considerations dictate the thickness of the veneer be-
component of the cutting force and thus the torque re- ing peeled.
quired to peel veneer.

Log Heating Procedures employed In log heating are a
Both analytical and experimental studies have been somewhat controversial subject. Lutz (7) indicated that
conducted to determine the magnitudes of the compo- for southern pine, for the same lathe settings, heated
nent and resultant forces. Among the factors affecting wood exerts less force on the pressure bar. Thia should
the magnitude of the forces are veneer thicknesses, result in reduced friction at the pressure bar, with a
wood temperature, type of pressure bar, and lathe set- corresponding decrease in the torque required to peel
tings (5,9-11). veneer. Studies with basswood also showed a direct

correlation between wood temperature and the torque
Factors Affecteng Cutting Force required to cut veneer (9). While It is apparent that the
Vener Thickness The resultant cutting force generally torque required is reduced somewhat by log heating,
Increases with an Increase In the thickness of veneer the strength of the wood-and thus its ability to trans-
being cut. Kolimann found that the power required to mit torque-is diminished at higher temperatures. For
cut veneer was roughly proportional to the thickness of basswood the torque required to cut veneer at 145 OF

the veneer (5). It is not clear, however, If this is a conse- is approximately 75 percent of the torque at 90 F.
quence of the different thicknessqs directly or of the Similarly, the strength properties of wood at 1500 F are
different pressure bar settings normally used for differ- about 75 percent of the values at 900 F (13). In spite of
ent thicknesses of veneer. While It is likely that the the reduced strength of the wood, it appears that prop-
force required to actually cut the wood does not er log conditioning reduces the Spin-out rate. In one

" change with a change In veneer thickness, this force is case (3), a decrease In the spin-out rate, from 7 percent

- only one component of several encountered In peeling to 3 percent, was attributed to increasing the log heat-
veneer. Thicker veneers are usually peeled with more ing time.
absolute pressure bar compression than are thin
veneers even though the percent compression may be Regardless of the effect that log heating has on spin-

less. This certainly Increases the drag between the out rate, its beneficial effects on the quality of the
. pressure bar and the bolt. It also can Increase the fric- veneer are well documented (2,6-M. Veneer cut from

tion between the knife and the veneer. Both of these in- properly heated logs is generally tighter and smoother
creases would cause an Increase in the resultant cut- than veneer cut from unheated logs. Because the knots
ting force when peeling thicker veneer. In any event, the are softened when heated, knife damage and sutse-
thickness of the veneer being cut Is normally deter- quent downtime are reduced. Because of these benefi -
mined by the total thickness and construction of the cial effects, log heating will continue In the foreseeable

* panel rather than by Its effect on cutting force and thus future. "

Italicized nurbe In pamnthem refer to Iterature cited at end of To achieve the benefits attainable from heating logs, It
Is Important that the heating Is done properly. Because
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of the nature of wood, Its thermal conductivity Is ap- affects the spin-out rate. While Information Is not
proximately 2 to 3 times greater parallel to the grain available on the effect of the contoured steam-heated
than In either the radial or tangential directions (12). nosebar specifically on spin-out, It should-because of
Thus the ends of the logs heat much more rapidly than Its reduced friction-contribute to a reduced spin-out
the center. If the heating medium is hotter than the rate.
desired cutting temperature, the ends of the log will
reach the temperature of the heating medium long Lathe Setting* Research results and In-plant ex-
before the wood near the core Is heated to the optimum perience indicate that lathe settings can have a signifi-
temperature for peeling. Similarly, if the log is heated cant effect on cutting forces and thus spin-out rates.
by a medium close to the final desired temperature, but Work done at FPL shows that different knife angle and

*for an Insufficient length of time, the outer wood and pressure bar gap settings can affect the required
the ends will be sufficiently heated, but the Interior of torque by as much as 40 percent (9). Changes of this
the log will not be at the temperature desired for good magnitude will obviously have an effect on the spin-out

*peeling. In both of these cases, the spin-out problem rate. In a mill study done by the Western Forest Prod-
will be aggravated. That Is, the strength of the wood at ucts Laboratory, changing the lathe settings to recoin-
the ends of the log will be reduced, thus reducing the mended values decreased the spin-out rate from greater
maximum torque deliverable to the bolt through the than 10 percent to about 8 percent (4). Adjusting the
chucks. This Is tolerable only If the wood near the lathe to the proper settings also resulted in an improve-
center of the log being peeled has also been heated ment In the quality of thes veneer.
sufficiently. But In the cases described here, the inte-
rior wood is not sufficiently heated, resulting in a Factors Affecting Deliverable Torque

* hihercutingforc, tus ncrasin th toquere-In addition to the factors that affect the required cut-
quired to turn the bolt. This increase in cutting torque, tn oqe h muto oqedlvrbet h o
combined with a decrease In the strength of the wood will also affect the spin-out rate. Spin-out will occur
and Its ability to transmit torque, cannot fail to in-whnterqidcuigtouexedsheapbly

creae th prbabiityof blt pin-utof the wood in the vicinity of the chucks to withstand
the load applied through the chucks. If the required cut-

For ptium lg hatin, i isimpotan to orttheting torque Is below this threshold value, normal peel-
logs according to size and then heat them to a nearly igwl cu.Hwvr hntesrnt ftewo
uniform temperature best determined by veneer quality i ndqaet rnmtterqie oqefo h

critria.chucks to the block, spin-out occurs, the wood In the

Pressure Bar An Important factor that affects the vicinity of the chuck fails dramatically, and peeling can-
tangential component of the cutting force, and thus the not continue.

requredtorueis te tpe f pessue br ued.Two Spin-Out Mechanism Inspection of spun-out blocks (fig.
* types In general use are the fixed bar, primarily for

peeling hardwoods, and the roller bar for peeling soft- 2 eel httewo al ln h icmeecof the chuck to a depth somewhat deeper than the
* ~woods. Research Indicates that cutting forces are lower lnt ftesus uigpeig h oqei

when a roller bar Is used (1,9). The type of pressure bar transtt tof the lor. ug berolingerf the woodei
selected is generally dictated by considerations other thsited cicmereo the roln huck to the wood t

thanitseffct n blt pin-ut.Theuseof rolerside this area (fig. 3). The area over which this rolling
nosebar results In lower forces than the use of a serat sesnilyaclne ihadaee
conventional fixed pressure bar. One of the significant serat sesnilyaclne ihadaee

disavanagesof he olle ba is ts nheent ompex- equal to the diameter of the chuck and a depth
iyadresutinge bofthe nohiger inal asItnhmaintnacpex somewhat greater than the length of the spurs. Some

Scost g Receth esearch conutedl atd theiWetenc of the torque load Is also transmitted by transverse
Forst RoctrseLabratoyute may prvie aWeser shear across the circular surface at the tips of the
with the desirable characteristics of the roller bar but sus oeeeaiaino pnotbok lalreveals that the wood fails in rolling shear when failure
without the high maintenance costs (14). This bar Is a (pnot cus atr htices h oln

f~xe, cntoredstem-hatednosbar Preimiaryshear area-that is, the cylindrical area over which the
work Indicates that the steam-heated nosebar reduces rolnshaac-wlreutiadcesenterl-
friction as compared to conventional fixed bars androlnshaac-wlreutiadceseIterl-
produces higher quality veneer than roller nosebars. In Ing shear stress for a given torque value. This would

allow, greater torque to be transmitted before spin-out
addiion manteanc isdramticllyredcedwit an Is Initiated by the rolling shear failure of the wood. This
accopaning edutio in rodctin dontie. accounts for the effectiveness of both larger chuck

diameters and longer spurs In reducing the likelihoodAny development that affects the frictional force ex- o pnot
erted on the nosebar will have a direct bearing on the o pnot

* amount of torque required to turn the bolt. This, In turn, Nested Chuck The logical and effective first approach to
this aspect of the problem Is to use larger-diameter chucks,

_______________as the deliverable torque Increases with the chuck
*Forinte' conada Corp., eweeen For. Prod. Lab., vencouver, B.C. diameter. This Is the basis for retractable chucks. When
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Figure 2.-Blocks showing spin-out. (M147258) (Ml147 26)

the required torque Is highest, because of a relatively It obviously does not provide a completely satisfactory
large bolt radius, the deliverable torque Is also highest. solution to the spin-out problem. Evidence of this Is the
As the bolt Is peeled and the radius decreases, the required continued occurrence of spin-out and the multitude ofW

* torque decreases as well. When the outer chuck Is different chucks designed In an attempt to cope with
retracted, the required torque has been reduced from the problem. Because of a lack of basic information,
its Initial value; but the deliverable torque of the Inner, chuck design has been based largely on Intuition.
smaller-diameter chuck Is also smaller. When the re-
quired torque exceeds the deliverable torque at this To overcome these deficiencies, FPL, In cooperation

* critical point, spin-out will occur. To maximize the with Industry, began a program to evaluate a represen-
veneer yield from the bolts, It Is desirable to use as tative sample of existing chuck designs. The original
small a chuck as possible for the Inner chuck. This ag- study by Lutz and Patzer (9) evaluating 16 different
gravates the spin-out problem. While the use of dual chuck designs was Intended as a general survey of the
spindles Is a definite Improvement over single spindles, field and did not Involve a detailed evaluation of the

4. .
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.T71 tested with one block from each bolt. Thus all four
chucks were tested in the adjacent, freshly cut sur-
faces of the b!ocks.

""Tmninsr The chucks were tested using a modified machine lathe

ieShea (fig. a) Sufficient end pressure to fully set the chucks
In the test specimens was provided by the hydraulic
cylinder fixed to the lathe tallstock. When the blocks
were fully chucked, they were inspected to determine If

• .p. ng splitting of the blocks was evident. When the chucks
* ;'., ~were fully set, the pressure in the cylinder was reduced

so that a force of approximately 2,500 pounds was ap-
plied while the chuck was being turned. A thrust bear-
Ing was located between the hydraulic cylinder and the

..A- 4 bolt so that the only reaction to the torque applied

Torue6 through the chuck was that provided by the lever arm
acting against the load cell. The torque was measured
using a load cell that was fixed to the lathe bed and
provided the reaction to the yoke lever arm. The block

Figure 3.-Modes of load transfer from chuck to was restrained by the lever arm reacting against the
log. load cell. Thus the block was not free to rotate, and the

chuck was forced to spin-out when the chuck was
(M 149 925) turned. The chuck was driven by the lathe at 7 revolu-

performance of the chucks in different species of tions per minute until the torque peaked and dropped
wood. off. The force measured by the load cell, and thus the

torque, was recorded on a strip chart recorder. The
Using the results from that initial study, two chucks maximum torque developed was measured from the
were selected for further testing. These two, plus one strip chart recording.
designed at FPL and a commercial chuck, were tested
with Douglas-fir, southern pine, white fir, and western The pressure in the hydraulic cylinder used to set the
hemlock. A fifth chuck, an experimental configuration chucks was also measured continuously and recorded
tested by a major wood products company, was tried on the strip chart recorder.
with Douglas-fir and southern pine using a slightly
different procedure. This study was intended to provide The procedure used is obviously somewhat different
sufficient information to develop a rational approach to than what actually occurs in practice. However, it pro-
chuck design. vides a repeatable, precise procedure by which the

maximum torque generated by different chucks can be
Experimental Procedure compared. r

Stage I Samples were taken from the end of each section to

The four chucks examined in Stage I of this study (fig. measure the specific gravity of the test specimens.

4) were all 4 Inches in diameter with 1-112-inch-long These data were recorded along with the maximum
spurs. All of the chucks except No. 2 had eight individ- torque values.
ual spurs; chuck 2 had four semicircular spurs. taeiStage II |

Douglas-fir, southern pine, western hemlock, and white After testing had been substantially completed with the
fir were tested during this part of the study. All logs first four chucks, a major wood products company ap-
were relatively sound, without any defects that would proached FPL with an experimental chuck configure-
render them unpeelable. The Douglas-fir logs were tion that they felt would provide considerable torque to
received with the bark still on. The other species had the bolt. This chuck (fig. 7) was tested using essentially
been debarked prior to shipment to FPL, and had been the same method and equipment, except as noted
protected from excessive drying by covering during otherwise, as were the original four chucks.
shipping. All logs were sprinkled while stored.

This chuck differs substantially from the others. It has
Eighteen Douglas-fir bolts and 22 western hemlock a diameter of 3.75 inches and six spurs, each 3.5
bolts were peeled to a 9-112-inch diameter and one end Inches long.
of each specimen trimmed to fit the test fixture (fig. 5).
Fifty-five white fir bolts and 39 southern pine were To facilitate block preparation, a different fixture was
peeled to 8-112-Inch and 8-inch diameters, respectively, fabricated to hold the blocks and provide the resisting
before end trimming. Each 8-foot bolt was cut into four torque (fig. 7). Rather than trimming the ends of the
2-foot-long test blocks. To provide as direct a comparl- blocks as was described previously, the round blocks
son between chucks as possible, each chuck was were gripped between plates. The plates provided ads-

..-..-..-..................-..................-..
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, i -- CHUCK I CHUCK 2

CHUCK 3 CHUCK4
FIour 4-Four chucks tested In Stege 1: Photos and spur cross sections.

(M 147 266) (M 147 265) (M 147 263) (M 149 926)

quate resistance to slipping and eliminated the time- after spin-out had been initiated by the rolling shear
consua3Wg work of trimming the block ends. failure, the wood remaining within the circumference of

the chuck was loaded in bending. Tensile failures in the
The variables Investigated in this part of the study in- wood at the deepest point of wood damage Indicated
cluded species, depth of penetration, and wood the presence of bending loads on the wood. This can
temperature. Southern pine and Douglas-fir were the perhaps be best understood by visualizing the wood
two species tested. The chuck was tested at depths of between spurs as being short beams cantilevered from
1, 1.1/2, 2-1/4, and 3-1/4 Inches, and at temperatures of a point somewhat deeper than the actual depth of spur
60, 120 ° , and 150 F. The blocks were 7-1/2 inches in penetration. After spin-out is initiated and rolling shear
diameter when tested. Because of the large number of failure has occurred, these cantilevered beams transmit
variables involved, five blocks were tested at each some torque by carrying the load in bending and
variable value. The test specimens were obtained from transverse shear.
oversize cores that had been previously peeled for
veneer. These cores were then peeled to 7-1/2 inches in An examination of the data Indicated that chucks 1 and 2
diameter and crosscut to length. The blocks were all consistently exhibited a higher average torque value than
kept under water In holding tanks prior to testing. did chucks 3 and 4 (fig. 8). As is the case in any exper-
Those tested at 120 " and 1500 F were heated for at ment yielding data with a wide range of values, an amount
least 12 hours before testing. The blocks were tested of uncertainty exists about the validity of the conclusions
immediately upon retrieval from the hot water tanks to drawn from that data. In this case the data support the i
avoid the ends cooling off. The actual spin-out testing conclusions at a 95 percent or greater confidence level.
and data acquisition followed the same procedure as To make a more definitive statement, It would be
described for the other four chucks. necessary to significantly increase the sample size.

Result

[i :- Stage I 1

: . Examination of the blocks after spin-out showed that
the wood damage extended somewhat deeper than the
tagspur penetration. The blocks showed a consistent pat-

tern of failure in which the wood outside the circum-
ference of the chuck was left relatively undamaged 19F
while the wood inside the chuck circumference was
severely damaged. Observation of the failed specimens
Indicated that the wood failed In rolling shear around
the circumference of the chuck. It also appeared that Figure &-Typical specimen. (11149 9.?)

r.1.
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Figure 6.-Test setup, Stage I. A. Chuck B. Test specimen C. Load cell (M 144 724-7)

Based on a statistical analysis of the data, the follow- Plots of data (figs. 9-12) clearly showed the wide range
ing conclusions were reached. In white fir, chucks 1 of torque values, even within each log. The number of
and 2 appeared to be indistinguishable, as did chucks 3 times that each chuck provided the maximum torque in
and 4. Chucks 1 and 2 attained, on the average, signifi- each block was tabulated (table 1). Where more than
cantly higher torques than did chucks 3 and 4. The one chuck had the same torque value, each chuck was
average difference between chucks 1 and 2 and chucks counted as providing maximum torque. Again, chucks 1
3 and 4 was approximately 1,100 inch-pounds. and 2 taken as a group delivered the maximum torque a

significantly greater number of times than did chucks 3
A somewhat similar pattern evolved when the data from and 4.
all the species were Investigated. In white fir and
hemlock, chuck 1 developed somewhat higher torque The relationship between torque, wood species, and
than did chuck 2 and vice-versa for southern pine and chuck configuration was also examined. Clearly, there
Douglas-fir. These differences were relatively small and, are substantial differences between wood species.
considering the variability of the data, not significant at Southern pine develops the highest torque values and •
a 95 percent confidence level. A similar pattern oc- white fir the lowest. The differences between the
curred in comparing chuck 3 with chuck 4: chuck 3 chucks are less apparent although chucks 1 and 2
developed somewhat higher average torque with white transmit more torque than chucks 3 and 4. While there
fir, hemlock, and southern pine. With Douglas-fir, chuck is not an exact correlation between torque and specific
4 delivered higher average torque. gravity, the trend is apparent. The maximum torque

transmitted Is proportional to specific gravity (fig. 13).
Statistical analysis of the data Indicates that chucks 1
and 2 deliver significantly greater torque than do Stago II
chucks 3 and 4. The differences between 1 and 2 and The fifth chuck was tested using both 7-1/2-Inch-
between 3 and 4, however, are relatively Insignificant. diameter and 4-112-Inch-diameter blocks, but the vast

- -7 iiaa Vl-ll l l l l m . . . .. . .. .
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Figure 7.-Chuck showing spur deflection and text (M 146 7403)
* setup, Stage I/. (W 146 740-4)

majority of the 4-112-inch-diameter blocks split sidered irrelevant and not representative of what occurs
drastically during chucking. Apparently, the method by in practice. Consequently, those data are not presented
which the torque was transmitted from the chuck to the here.
block was significantly different than that which occurs
in normal operation. Because of this and because of The data obtained with the 7-112-inch blocks, however,
the highly erratic nature of the failures, the data ob- appear reliable and relevant. The factors controlled in
taned from the 4-1/2-inch-diameter blocks are con- this part of the testing were block temperature and

depth of spur penetration. Data were obtained for
_ _4 southern pine and Douglas-fir.

A direct comparison of the spin-out torque values of
35o this experimental chuck with the four previous chucks

Is somewhat inappropriate because of the difference in
diameter and spur length. It should be remembered that

30,000 - this chuck is an experimental one, and its dimensions
are substantially different from those usually found in "

ST /practice. Also, because of the Introduction of additional
125,000- - variables-temperature and depth of penetration-dur-

I j Ing this phase of the testing, a smaller number ofI I specimens (five) was tested at each parameter value. It
o,000 - 2 is worthwhile to examine the results of the testing in-* O 1 dependently of the first four chucks, keeping in mind

Z4 both the differences and the similarity in mode of
1,000 g -SOUERN DOUGLAS- failure between the first four chucks and the fifth

4 chuck.

10,000- HEMLOCK The results of this phase of the testing are much as ex-
pected. Examination of the data shows that generally,

"U as temperatures Increased, the average maximum
5.000 -WTE n torque decreased (fig. 14). This corroborates the work

reported by Lutz and Patzer (9) and is readily explained
by the fact that wood strength decreases with an in-

01 crease in temperature. Also, not surprisingly, the aver-
Figure 8.-Spin-out torque showing average value age maimum torque Increases with Increased depth of

and ranges, for each chuck (Noc. 1, Z 3, penetr- on (fig. 15). As before, a fairly broad range ex- l
4) for each block species (39 blocks per Istr w" the data; however, a statistical analysis of the
chuck for southern pine; 18 blocks per data ,ndicates that both temperature and depth of
chuck for Dougls-fir; 22 blocks per

* chuck for western hemlock; 55 blocks penetration are significant at the 95 percent confidence
.er chuck for white fir). (M 149 920) level.

S 0
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S24124
43

44

10,000

1 3 5 7911 0 6 1 19 2123 25 2T2931 33 35 37 9
2 4 6 6 10 12 14 16 IS820 22 24 26 26 30 32 34 36 38

BLOCK NUMBER

Figure 9.-Torque developed by each chuck on
each block (southern pine). - -

(M 149 929)

35.0oo One problem that became apparent before actual
testing began was that, for chucks with long slender
spurs, the hardness of spurs is a very important factor.
The first chuck received had been heat treated to a
hardness of approximately 56 on the Rockwell C scale.

30oo - While this results in a relatively high yield point, the
i 3 chuck spurs are too brittle at this hardness; one spur

' ~ 4 broke off before maximum torque was developed. The
chuck actually used in the testing had a hardness of
approximately 45 on the Rockwell C scale and did not

25.000 -_ break during the entire test program but the spurs...

developed a permanent deformation (fig. 7). This perma-

£ '4 3 nent set was first observed when testing the chuck
441 4with 120* F Douglas-fir blocks at 3-114-inoh depth of

4 spur penetration. The deformation Is relatively slight,

0 1 3.4 and while it does not appear to affect the deliverable
S31 torque directly it could lead to problems and Is "

4 tundesirable. With proper design the chuck could be

4 modified slightly to eliminate any permanent deforma-

I tion of the spurs.
4

2oo = Discussion

Based on previous work Investigating the relationship

between chuck design and deliverable torque, It was
1 4 7 f not obvious what type of results could be expected.
1 2 3 4 5 6 7 0 9 0 11121314 15 1? rr U0 2122 While It was clear that the diameter of the chuck and

BLOCK N the spur depth of penetration significantly affected the
deliverable torque, the effect of spur configuration was

Figure 10.-Torque developed with each chuck not recognized. In fact, because of the existence of
on 1 ech block (hemlock). such a widP variety of designs available, it would ap

pear that ,..) one or two optimum spur configurations
(M 149 30) existed. If an optimum chuck existed, it would seem

. i- ii i ,.9



3%000 Lutz and Patzer first presented the concept that spin-
2 out occurs with a predominantly rolling shear failure in

23 a cylinder the diameter of the chuck and somewhat
30000 - deeper than the length of the spurs (9). The torque

- I transmitted to the log is then a function of the size,
-I2 4 both diameter and depth, of the chuck and the rolling

-i 1 shear strength of the wood. While this explains why
25,000 1 - larger chucks with longer spurs can transmit more

,::. 4 t2! 1 p torque, It does not predict nor explain any torque differ-"
4 2 2 ence in chucks the same size but with different spur

4 30 configurations. However, by examining the failure
20,000 A I mechanism in more detail and carrying the rolling

3 3 shear failure theory one step further, it becomes clearer
that spur configuration also affects deliverable torque.

* s1o5o The torque is transmitted from the chucks to the log1 2 3 4 5 67 e 9 10 11 12 1314 15 16 17 leOLOCK NU24ER through a complex combination of bending, rolling, and

transverse shear with rolling shear predominating. The
Figure 11.-Torque developed with each chuck on area over which the rolling shear acts is not the entire

each block (Douglas-fir). cylindrical area previously described, but rather that
M149931) area less the profile area of the spurs at the circumfer-

ence of the chuck. That is, the torque can be trans-
mitted only through the effective or net area. Anything

that it would have been discovered through a trial and that reduces this area, such as smaller chuck diameter,
error process Involving literally millions of trials. With short spur length, or increased spur profile area, will
this in mind, it was anticipated that the work would result in a reduction in the area over which the load
verify the assumption that chuck size was the only can be transmitted. This, in turn, increases the shear
important torque-determining factor. The results of the stress acting on the material. Because spin-out occurs
testing, however, show that a significant difference In when the material fails-that is, when the ultimate
transmitted torque exists for chucks with the same size shear strength of the material is exceeded-
but different spur configurations, anything that increases the shear stress will result in a

3 4
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* Figure 12.-Torque developed with each chuck on each block (white fir). (14 14.9 936)
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AVERAGE SPECIFIC GRAVITY
Figure 13.-Maximum average torque developed with each chuck type on each species,

in order of increasing specific gravity. (M 149 932)
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TEMPERATURE DEPTH OF SPUR PENETRATION (IN)
Figure 14.-Average maximum torque developed on Figure 15.-Average maximum torque developed In

southern pine and Douglas-fir biocks at southern pine and Douglaa-fir at four
three different temperatures. Twenty spur penetration deptha. Fifteen Sarn-
samples were taken, five at each spur pies were taken, five at each of three
penetration depth: 1, 1-112, 21/14, 3.1/4 temperatures: 6" F, 1201 F, 1500 F.
inches.

(H 149 933) (M 149 934)



30,000 hardened too much, they will be relatively brittle. Small
__ I Ideflections can result in high stresses and thus failure.

This can be a problem because it is necessary for all
~25,000the spurs to share the load. This is accomplished by in-

dividual spurs deflecting somewhat. With brittle
.014 material, these small deflections can cause failure of

W Individual spurs long before the maximum torque is
* a 20,000 developed. Based on actual use, a hardness of approx-

imately 45 on the Rockwell C scale appears optimum.
ol- This provides the optimum combination of strength,

* 15,00 I Iductility, and toughness.
5500 L0I2

CHUCK5 2 It is clear that the experimental chuck (fig. 7) utilizesEFFECTIVE SHEAR AREA OFCHC relatively long, slender spurs. While its durability may
(IN2)be questioned, it is certainly effective at transmitting

*Figure 16.-Effect of shear area on spin-out torque torque. When tested at its maximum depth of penetra-
for four chucks In Douglas-fir. tion, 3-1/4 Inches, this chuck exhibited significantly

greater torque than any of the other four chucks tested,
(M 149 935) even though its diameter is smaller. In spite of its
reduction in the torque able to be transmitted from the smledietrthefctvseaaeasgetr
chucks to the blocks. By reducing the area over which than any other chuck tested. Thus it is not surprising

the oadis arred, he hea stess s icresedac-that it delivered more torque before spin-out occurred.

cordingly. Based on this explanation we would expect I npatc hscukdsg rvst o edr
chucks with similar spur profiles or, more precisely, ap- able enough, minor changes-such as adding a stiff-
proximately equal spur profile areas, to exhibit similar ening web to the spurs or changing the shape of the

torqe-tansittng caraterstis. Asochuks ith spurs to provide a more uniform stress distribution
torque-ransittnlag charactristcs also ucs w ith av along the length of the spur-can be made without

compratvel lare sur rofie aeaswoul hae aseriously compromising Its effectiveness.
reduced effective area through which the load Is

* trnsmtted an the wold e exectd tofai atThe torque required during peeling Is highly variable. As
lower torque values. discussed earlier, It Is a product of the cutting force

The and the block radius at any time. The cutting force isTesimilarities between chucks 1 and 2 and between 3 highly variable and among the factors that influence It
and 4, thus, become apparent. An investigation of the
failed blocks did not show any apparent significant dif- are species, density, presence of knots, and log condi-
ference In the failed shear area depth from chuck to toig ndsgigcuk o tegh h aiu
chuck. I1 this is a relative constant, the relationship la htte ilecutrms ecniee.I

betwen he rmaiing hea are-i~., nt searany case, the maximum torque that can be delivered is
areaandthe axium orqu deeloed i inor-the spin-out torque. Chucks should be designed, after

mative (fig. 16). Again, profile areas-thus the net effec- providing for fatigue and a suitable factor of safety, to
tive shear areas-of chucks 1 and 2 are approximately withstand either the maximum required torque or the
the same and are smaller than the areas of chucks 3maiuspnotorewchvrssalr.N
and 4. By distributing the load over a larger area, rlal ral ae aao eurdtru r
greater torque can be transmitted before the ultimate available. Lacking these data, a reasonable criterion for

shea stess s rachd an falureoccrs.strength can be obtained using the values for maximum
spin-out torque (table 2). Using these values should
result In a chuck that has adequate strength to resist

Chuck Design Citeia breaking and adequate stiffness to resist permanent
With this information, criteria for effective chuck deformation.
design can be developed. These principles for develop-
Ing maximum torque can be simply stated: Addional Conskderations

*1. Maximum torque increases with Increased chuck One aspect of chuck design that affects spin-out rate
diameter. is the size relationship between the inner and outer

52. Longer spurs increase deliverable torque. chucks. The use of large-diameter, and thus large-
*3. Chucks with relatively slender spurs develop capacity, outer chucks obviously provides substantial

higher torque than chucks with large profile spurs. torque when peeling begins. While this reduces the -

likelihood of early spin-out, the use of too-large chucks
Other considerations-such as self-cleaning-are ob- can Increase the likelihood of spin-out occurring when
viously Important. these outer chucks are retracted. Because the large

outer chuck must be retracted with the log at a relative-9
While long, slender spurs are desirable for developing ly large diameter, the torque required from the inner
maximum torque, It Is essential that they be designed chucks Is relatively large. This Increases the chance of
for strength and toughness as well. If the chucks are spin-out occurring when the outer chuck Is withdrawn.
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Table 1.-Numbs, ol emross' of MUIwI tMoque for four Mels md four chucks

Occurrences of maximum torque hI

153 56 22
Chuck No. Douglas-fir Southern pine White fir Westm heack

bolts bolts bolts bolts

1 6 a 26 11

2 10 21 20 9

3 2 6 13 2

4 3 8 3

Total numbers of occurrences for each species are greater than total numbers of bolts; when more than one chuck had
the same torque value, each chuck was considered to have provided maximum torque.

Table 2-Averalge nximum spinout torque for four specles and tow chucks

Average maxrmumn torque

Chuck No. Douglas-fr Southern plne White fir Western mdek

--------------------------------------- ---------- In.-b-----------------------

1 23,309 27,473 18,535 23,662

2 24,24 28,131 16,3881 2.-196

3 21,026 27,328 17,582 21,319 hq

4 22,784 26,154 17,143 21,08

Because the size of the inner chuck is usually deter- using more efficient outer chucks the size can be
mined by the desired core size, the size of only the limited, thus reducing the likelihood of spin-out occur- "
outer chuck can be optimized. This optimum size ring at any time.
depends on all of the factors influencing cutting force
and deliverable torque. One of the critical elements is Summary
initial block diameter. Large-diameter blocks will re-
quire relatively large chucks to reduce Initial spin-out A substantial test program was conducted to compare
when the chucks are withdrawn. Where the typical the maximum torque deliverable by four different
block diameters are smaller, smaller outer chucks chucks In Douglas-fir, southern pine, white fir, and
should reduce the probability of spin-out occurring western hemlock. A fifth chuck was tested in Douglas-
when the outer chucks are withdrawn. fir and southern pine to determine the effects of spur

penetration and block temperature on spin-out torque.
Sufficient data are not available to accurately predict Based on the results of these tests, some criteria for
spin-out rate for various log sizes and chuck sizes. A rational chuck design have been established. Chucks
possible way of optimizing outer chuck size is to com- with relatively slender spurs can transmit greater
pare the value of material and time lost due to Initial torque before spinning out than can chucks with spurs
spin-out to spin-out that occurs when the outer chucks with relatively large circumferential surface profiles.
are retracted. If the value lost due to spin-out after the Maximum torque generally increases with depth of
outer chucks are retracted Is relatively large, then the penetration. Therefore, chucks with relatively long,
outer chucks are too large. On the other hand, if slender spurs are most effective at transmitting torque.
relatively little spin-out occurs when the outer chucks The limiting factors are spur strength and stiffness.
are withdrawn, and substantial Initial spin-out occurs, While slender spurs are desirable they must have suffl-
then the outer chucks should be Increased in capacity. clent strength to transmit the maximum torque without
The same criteria described for optimizing chuck failure. The yield strength of the spurs must be high
design pertain to both Inner and outer chuck design. By enough to prevent permanent deformation of the spurs
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to occur. At the same time, however, the material must 7. Lutz, J. F.
be sufficiently ductile to allow load sharing among the 1967. Research at Forest Products Laboratory
spurs reveals that heating southern pine bolts improves

veneer quality. Plywood Panel 7(9):20-28.
By using properly designed chucks, it appears that a
substantial increase in maximum torque can be ob- 8. Lutz, J. F.
tained. This in turn can have a dramatic effect in reduc- 1978. Wood veneer: Log selection, cutting, and
Ing spin-out rate, at only a minimal cost. drying. USDA For. Serv. Tech. Bull. No. 1577.
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U.S. Forest Products Laboratory

Influence of chuck design on spin-out torque in soft-
wood veneer peeling blocks, by Frank J. Fronczak and
Robert A. Patzer, FPL, Madison, Wis., 1982.

15 p. (USDA For. Serv. Res. Pap. FPL 427)

Five chuck configurations were used to determine maxi-
mum torque deliverable to peeling blocks of four species.
Chucks with relatively slender spurs transmitted greater
torque before spinning out than did chucks with large
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