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0 F A P O R T A B L E  W O O D  C H  l P P E R  

\ 
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Forest Service, U . S .  Dept:Agriculture 

& A. McKusick , eilviculturist 
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MOCH OF THE FOREST land i n  t h e  Northeast--and a great 
deal of recently abandoned agr icu l tura l  land--1s growlm a 
superabundance of wood fiber i n  low-value t rees .  I n  t h e ,  
fo res t s  this f i b e r  can be seen as an excess number of amaU 
t rees ,  par t icu la r ly  i n  young second-growth etands . On 
ag r i cu l tu ra l  land it can be seen as low-quality woody growth 
tha t  has become established through misuse of the  land. O l d -  ' 
field stands of young and vigorous--but inferior--species 
such as gray birch, alder,  and the  l i k e  have become a famil- 
iar s ight  i n  many par ts  of the  region. 

Much of t h i s  surplus wood benefits  neither the  land 
it occupies nor i t s  owners. Its removal is  deqirable. 
Early thinning of woodlots i s  needed t o  improve the growth 
and quality of t h e  residual stands, I n  many places, old- 
f i e l d  stands should be clear-cut t o  convert abandoned farm 
lands to a b e t t e r  use, e i ther  for ag r i cu l tu ra l  use o r  f o r  
growing b e t t e r  t r e e  species. ' 

P ' 
1 

But both kinds of cu t t ing  can be cost ly .  When land 
i s  cleared,  al l  material  cut must be disposed of. I n  fores t  



thinnings, the  cu t  mater ia l  may create  a f i r e  hazard f o r  
some time i f  it i s  l e f t  on t h e  ground. And, unfortunately, 
markets fo r  sapl ing and pole-size t rees  a re  p r a c t i c a l l y  
nonexistent. 

However, tbere  i s  a growing in t e r e s t  i n  t h e  use of 
chipped wood. Chipped wood has long been e s sen t i a l  t o  t h e  
pulp and&'paper industry;  5t goes i n t o  wallboard, roofing 
materials ,  and other  products as well  as paper. 

Uses f o r  it have also been found i n  agriculture.  Saw- 
dust and shavings a r e  in demand'in some places f o r  bedding 
and l i t t e r  f o r  l ivestock and poultry. Use of cwpped wood 
f o r  mulch a l s o  o f f e r s  pos s ib i l i t i e s .  Orchardists and vege- 

s t ab l e  growers could use it t o  r e t a i n  s o i l  moisture and con- 
t r o l  unwanted competing growth. 

As a soil-amender--broadcast on f i e l d s  o r  plowed 
under, o r  f i r s t  cornposted t o  speed up natural  decay proc- 
esses--it has a great  po t en t i a l  usefulness. It could play a 
large pa r t  in res tor ing  t he  now def ic ien t  organic content of 
many of our s o i l s .  There i s  a l so  some ' prospect of i t s  use 
as a mulch f o r  s t a b i l i z i n g  t h e  banks of cuts and f i l l s  i n  
ro& construction. O f  course some of these uses a r e  s t i l l  
i n  t h e  experheha1 stage. 

Another possible 'use f o r  chipped wood i s  fuel .  Wood 
cldps o f f e r  a read i ly  avai lable  source of heat. They a r e  
already being used i n  t h e  mnufacture of charcoal briquets.  

Here, then, i s  where t h e  recently developed portable 
wood chipper holds promise of completing t he  u t i l i z a t i o n  
pic ture ,  When land i s  cleared or  fo res t  stands are thinned, 
the  portable chipper can 'be  brought i n  t o  reduce t he  c u t  
material  t o  chips, The chips can be scat tered on the  ground 
and thus disposed of, O r ,  with l i t t l e  addi t ional  handling, 
they may be put t o  some more prof i tab le  use. 

Orgadzed markets f o r  wood chips have not ye t  been 
developed.. When they are ,  t he  mod chipper can become t h e  
key t o  p rof i tab le  returns from fo re s t  thinnings and land 
clearing. 

Since t he  portable wood chipper i s  a f a i r l y  new kind 
of ~ M n e ,  many questions about its operation remain t o  be 



answered. Zl@ evaluate t h e  worth of this kind of equfpment, 
time and cost  studies were made in Connecticut ltit'e i n  1949, 
using a standard factory model of one kind of  chipper. The 
findings are contained 111 this report. 

The chipping -operations were carried on i n  conjunc- 
t ion with studies of  thinning and clearing operations. The 
authors w i l l  provide information about them on request. 

T H E  C H I P P E R  A N D  1T.S O P E R A T I O N  

THE CHIPPER USED i n  the study was developed primarily 
f o r  a spos ing  of brush and orchard prunings, which custom- 
arily were burned oP lopped and scattered--often a costly 

Figure 1.--The wood chipper used i n  the study. Beside-s the 
long delivery chute shown here, a short stde-delivery 
chu%e was also used. 



job. The por table  chipper proved convenient and economical 
f o r  this Job, but it appeared that this f a i l e d  t o  c a p i t a l i z e  
on its f u l l  potentialities, becauae the mater ia l  it produced 
seemed su i tab le  f o r  f u r the r  use, Therefore t h e  study was 
predicated on u t i l i z i n g  t h e  chips ra ther  than merely on in -  
vest9gating another way t o  dispose of waste wood. 

Mounted on a 2-wheel, rubber-tired trailer, the ohip- 
per  was "powered with a 4-cylinder, air-cooled engine, The 
cu t t ing  was done by a drum-type cutter head, a ro t a t i ng  
cylinder from which four c u t t i n g  knives projected. (~ost 
other wood chippers employ a disk-type cutter head I n  which 
t h e  knives p ro j ec t  from t h e  face of a f l a t ,  r o t a t i ng  disk.) 
The advantage claimed fo r  the drum-type c u t t e r  head i s  t h a t  

C 
it does not need a blower t o  e j e c t  the chips. T h i s  not only  
r e su l t s  i n  economy for t he  purchaser; it also requires  less 
power f o r  t h e  same pmduction capacity, 

Two .kinds of discharge chutes -were supplied w i t h  the 
metchine. One was a long chute, pmjec t i ng  forward so it 
could discharge the chips d i r e c t l y  i n t o  the  t ruck '%ha$ tawed 
the  chipper. The o the r  was a shor t  eibow (90 decses)  that 
discharged t h e  chips t o  tbe r i gh t  side, 

h 
Specif icat ions  of t he  chipper tested are as, follows: 

1. Maximum capacity:  diameter of  
round wood it can chip . . 4& Inches 

2. Diameter of c u t t e r  head . , 9$ inebes 

3. Operating speed of c u t t e r  head . 2,200-2,500 r.p.m. 

4. Number of cu t t i ng  knives . 4 

5 .  Leflgth of cu t t i ng  knives . , &3/8 inches 

6 ,  b.%jmum k d f e  s e t t i n g  . 1 l h i n c . h  

7, Minima knife s e t t i n g  . 1/16 inch 

9. Approximate weight, chipper o n l y  . U5 pounds 

10. Total weight, chipper and power 
unit, mqunted on trailer . . 1,950 pounds 

- Operation of t h e  chipper was rat he^ simple. The en- 
gine, which i s  equipped with a s e l f - s t a r t e r ,  was governed 



Figure 2.--The ch5pper i n  operation. Easy t o  operate; it 
produced an average of more than 15 tons  of chips per 
hour. 

f o r  the  proper chipping speed: about 2,500 r.p.m. To feed 
the  wood in ,  the operator skood sl ighly t o  one side of the  
feed apron and, holding the wood horizontally,  merely moved 
it i n  u n t i l  it came i n t o  contact  with t he  cutiting knivesa9 
These knives, rotating a t  a peripheral  speed of 5,500 t o  
6,500 f e e t  per minute, then performed the three functions of 
drawing the  wood in ,  chipping it, and e j ec t ing  the chips. 
Usually no fur ther  a t ten t ion  from the  operator was needed. 

P R O D U C T  1 V E  C A P A . C  I T Y  
% 

THE TOTAL VOLUME of chips produced, 6,373 cubic feet, 
was determined by measuring the cubic capacity of t h e  trucks 
i n  which the chips were loaded. Of the  t o t a l  volume pro- 
duced, slightly more than 30 percent was weighted t o  estab- 
l i s h  volume-weight relationships. 

3- - 
! 

The volume and weight produetion data are expressed 
i n  terms of green, unshaken chips. There would probably be 



some reduction i n  t he  volume of a truckload ' o f  chips after 
they had been hauled same distance.  vowever, inspec t ion  of 
several 200-cubic- f oot loads hauled about LO raibes, .. past4.g 
over unpaved mads,- - ind ica ted  t h a t  t h e  shrinkage i n  volume 
was barely discernible .  The l o s s  of weight that. occurs as 
t h e  green chips l o s e  moisture would be of much g r e a t e r  sig-  
nificance. No data are ava i lab le  on t h i s  l o s s .  

1 

-?he average hourly output of chips f o r  the enttre 
t r i a l  was 1.64 tons ,  per  hour--approximately 194 cubic f e e t .  
The range was from an average low of 1.37 tons t o  an  average 
high of 2.01 tons  p e r  hour. 

Th is  output was f igured  on t he  ba s i s  of t o t a l  elapsed 
time. Elapsed time f o r  any one working day was considered 

\ the  interval between s t a r t i n g  t he  chipping operations i n  t h e  
morning and shu t t i ng  down a t  t he  end of t he  day, not  count- 
i ng  time taken f o r  lunch and r e s t  periods. The t o t a l  elapsed 
time i n  the  chipping study was approximately 33 hours. 

I 

Productive time was the period when the  chipper was 
running a t  operating speed and the  crew were feeding wood i n  
o r  were picking wood up and carrying it t o  t he  chipper. 

h 
Nonproductive time included only those periods when 

the chipper was shut down because of machine f a i l u r e ,  moving 
the  chipper, refuel ing,  and car ing fo r  the  cu t t i ng  knives. 
To operate the  chipper e f f i c i e n t l y  on a l a rge  job, it prob- 
ably would have been necessary t o  have one rnan spend an ad- 
d i t i o n a l  hour d a i l y  on maintaining the machine. This i s  not 
included i n  nonproductive time; it i s  considered an element 
of normal operating cost .  

Time records were kept t o  t he  nearest  minute. For the  
e n t i r e  t r ia l ,  t h e  breakdown i s  a s  follows: 

Minutes Percent 

Elapsed time 1,969 100.0 
Productive time 1,620 82.2 

NonproduCtive time 349 17.8 

A breakdown of t he  nonproductive time i s  shown i n  
t ab l e  1, Some l o s t  time was a l s o  caused by plugging of the 
delivery chutes, due t o  poor design o r  a drop i n  power. 



Table 1.--Elements of nonprbauctive .time 

Moving chipper 
Sharpening knives 
Refueling 

Cause Shutdowns 

Number n u t e s  Percent 

2 I. 128 6.5 
4 92 4.7 
3 11 . 6  

Nonproductive time 1 

Feed-plate retractor spring of f  10 26 1.3 
Feed-plate retractor spring broken 4 14 
Chip caught under feed plate  5 6 3 
Miscellaneous 5 72 3.7 

Total 52 349 17.8 

Percentage i s  based on total elapsed operating time, 1,969 
minutea. 

Since t h i s  f a u l t  i n  the machine can be corrected, the  time 
l o s t  was not included i n  nonproductive t h e .  

Several variabLes seemed to affect production. These 
factors ,  which appear t o  be inherent i n  any chipping opera- 
t i on ,  included t h e  following: Knife se t t ing ,  s i z e  of raw 
material ,  s ize  of chip produced, species of wood chipped, 
size of operating crew, eff ic iency of crew, method of p i l i n g  
the wood i n  preparation fo r  chipping, and weather and ground 
conditions. Y 

K n i  f e  s e t t i n g  I 

The production r a t e s  indicate t h a t  knife setting has 
considerable influence on the output of ahips: the coarser 
the se t t ing ,  the greater  'the output (table 2). The . d w e  5 

production ra te  varied i n  about the  same. ratio as chip 
thickness, which in tu rn  depends on knife se t t ing ,  

The weight of chips per cubic foot  is  also inf lumced 
by knife se t t ing .  The coarse--i.e., thicker--chipa avsrapd 
1. pound heavier, 6 percent more per oubicr foot than the fine 
chips. r - 

1 

These data are from. appraximately 90 percent of the 



t o t a l  
tes ted ,  
sizes, 
trees- 

elapsed opera t ing t ime .  For both knife s e t t i n g s  
there was a fairly uniform d i s t r i b u t i o n  of species,  
and type of material--i. e.,  limbed and u d h b e d  

.that was chipped. 
I 

Table 2.--Effect -, o f  knife setting on production 

Cubic Tons Pounds Cubic Percent 
feet  feet  - 

Knife Product ion  p e r  se t t ing  1 (inches) 1 elapsed hour 

Percentage is  based on total production of study, 6,373 
c u b i c  feet. 

a 

S i z s e  -. - o f  wood c h i ~ p e d  

Chip weight per 
cubic foo t  

Diameter.--To t e s t  t h e  effect  of the  size of wood on 
production, unlimbed hardmood saplings were graded i n t o  

: p i l e s  of 1-, 2-, 3-, and &inch diameter classes, measured 
a t  breast height. Chipping times were r e l a t e d  fm the cubic 
volume of chips produced fmm each class, The kn i fe  set-  
ting was constant--3132 inch--and the species d i s t r i bu t i on  
was fairly uniform. 

Total volume of 
chips producedl 

Data on t h e  e f fec t  of s i z e  of wood chipped were h e e d  
on a y i e ld  of 10.3 percent of the t o t a l  volume o f  chips pro- 
duced i n  t he  study, From t h i s  sampling, i t  appeared the 
chipper.was most effective i n  t h e  middle diameters: 2- and 
3-inch mater ia l  ( table  3). 

Len&h.-The ef fec t  of length of mate r ia l  was evalu- 



a t e d o n l y  throughobservation.  When comparativelysh6st  
wood--only 5 o r  6 f e e t  long--was chlpped, i t  was of ten drawn 
i n t o  t he  chi'pper before another p iece  could be fed i n ,  and 
some lo s s  of  production time resulted.  But when woad *as 
f ed  in constantly,  which i s  poss ible  w i t h  longer material ,  
t he r e  was L i t t l e  loss  in production time. However, some 
time was l o s t  i n  chipping t h e  longest  and heaviest  pieces, 
because they were d i f f i c u l t  t o  maneuver i n t o  the  chipper. 

The low production r a t e  with the 4-inch material  1% 
pa-rt3.y a re f lec t ion  of t h i s ;  but mostly it i s  due t o  t h e  
f a c t  that hardwood mate r ia l  of this size seldom fed itself 
i n t o  t h e  chipper automatically. The operator usually had $0 

push the wood i n  by hand and re-engage it with the  c u t t e r  
severa l  t imes until t he  l a rge r  part  was chipped off .  T h i s  
difficulty became more apparent as the knives lost t h e i r  
keenness. 

\ 

I n  chipping t h i s  r e l a t i v e l y  Large material ,  t he  crew 
found it was apparently best  t o  feed it i n  small end f i r s t .  
The prodzlction rate was b e t t e r  t h i s  way, because the  chipper 
u s d l y  drew the wood i n  automatically urrtil its diameter 

'capac-i't;y sas reached; then t h e  l e f tover  bo l t  o f  ~ 0 6 d  was 
dh~Wed.  Obviously the t r e s s  had t o  be lim'bed before they 
caukd be chipped this wag--regardless of type of p p  pro- 
dmed. However, this method did present a hazard: ihere was 
danger t h a t  t h e  branch stubs mlght scratch t he  operator or  
caech on h i s  c lothing and p u l l  him toward t he  chipper. No 

Table 3. --Effect of s i z e  of materiel on production 

Total  volume of 
chips produced 

cubic T s  Pound8 Cubic Percent 
feet - feet 

P 

1 15 lqO.0 1.66 17.5 169.2 2.7 
2 20 236.0 2.07 17.5 210.1 3.6 
3 25 204.0 1-79 17-5 174.5 2.7 
4 30 155.0 1.36 17.5 69.3 1.1 - 

Chip weight per 
cubic foot . - 

Production pep 
elapsed hour 

Size of material 

Diameter 
(inches) 

Length 
(feet) 



accidents occurred, but one man l o s t  a glove. 

T y p e  o f  c h i p  p r o d u c e d  

T140 di f ferent  types o f  chips were producedt fairly 
large&hips su i tab le  for use as mulch and similar uses, cmd 
f iner  fragments such as could be used for  c a t t l e  bedding. 

Figure 3.--The two kinds of chips produced, larger chipa, 
sui table  for mulch. B, finer chips, produced by using 
toothed knives. These a r e  considered rather  coarse for 
good bedding, bu t  probably could be used. The chips 
a re  shown here approximately one-half actual  size. 

The type of chip t o  be produced determined whether 
the material should be limbed. ChLps from unlimbed t r ees  
contain twiggy material, some of it several inches long. 
This almost spl inter- l ike s tuf f  would cer tainly be undesira- 
ble i n  c a t t l e  bedding, and probably i n  any pulping process. 
Chips intended for these uses should be produced from linbed 
polewood, free of slender branches and twigs. For other 
uses, however, such as mulch and soi l  amenders, the presence 
of twiggy material may be beneficial. 



The larger chips were produced by using four straight: 
knives i n  the  c u t t e r  head. Two s e t t i n g s  were used: 1/8 inch 
and 3/32 inch. 

For producing chips t h a t  could be used f o r  c a t t l e  
bedding, a s e t  of two se r ra ted  knives was provided. These 
had the  same dimensions a s  t he  s t r a i g h t  knives, but t he  cut- 
t i n g  edges were milled i n t o  a s e r i e s  of t e e t h  3/16 inch 
square. These t w ~  toothed knives were mounted i n  t he  ch t t d r  
head a l t e r n a t e l y  with two s t r a i g h t  knives, the  toothed 
knives s e t  higher. The toothed knives were s e t  a t  1/8 inch, 
t h e  s t r a i g h t  knives a t  3/32 inch, although other  combina- 
t i o n s  a r e  possible. I n  act ion,  each toothed knife rakes a 
s e r i e s  of narrow s t r i p s  from t he  wood and t he  s t r a i g h t  knife 
behind it planes off most of  t h e  r idges  t h a t  a r e  l e f t .  

Unfortunately, through defect  i n  design o r  manufac- 
t u r e ,  or  by overloading t h i s  type of knife ,  several.teeth 
were broken off arter less than 2 hoursf operation, pre- 
cluding any fu r the r  use of these  knives. Therefore produe- 
t i o n  data  dttS the  toothed knives i s  limited. Pr6duc t i b n  
r e s u l t s  a r e  shown i n  t ab l e  4. 

Table 4.-Effect of type of chip  on ~roduct ion 

I n  theory, it would seem t h a t  t he  use of toothed 
knives would markedly cu t  down t h e  production ra te ;  but  it 
did not. This i s  accounted f o r  i n  part by t he  faCtVthat  
wood chipped by t h e  toothed knives expanded more thantrrobd 
chipped with s t r a i g h t  knives. Oak chips produced' with 
1/8-inch s t r a i g h t k n i f  e s e t t i n g  weighed 20.0 pounds per 
cubic foot; oak chips produced with toothetl knives wefghed 

I 

Type 
of chip 

Inches C- Tons  Pounds Cubic Percent 
feet feet 

.Bedding 3/32 x 1/8 173.0 1.37 15.9 392.0 6.2 
W c h  ;/" 220.0 1.93 17.6 3,607.5 56.6 
Mulch 3 32 159.0 1.32 16.5 1,130. h 17.8 

Percentage is baaed on total production o f  atudy, 6,373 cubic feet. 

K5fe ' 

set t ing 

4 
Production pe r '  
elapsed hour 

Ohip weight per 
cubic foot 

Total valume of 
chips 



18.2 pounds per cubic foot. Canparable weights of red maple 
chips were 16.5 pounds and 13.6 pounds, 

- When t h e  toothed knives were used, the chipping oper- 
a t ion seemed much smoother than the rather  violent  act ion 
evident when only s t r a igh t  knives were used. Besides, 
larger pjeces of wood did not appreciably slow down t h e  
speed.of t he  cutter head; so chips were produced a t  a fairly 
uniform rate. This, plus the  greater bulk of the rather  
fluffy chips, evidently'compensated f o r  the theore t ica l  loss 
i n  production due t o  use  of toothed knives. 

L Species c h i p p e d  

A limited test was made of the  effect  of species on 
pmduction rate. Four speciee were chipped: Red maple; red 
o h ,  scar le t  oak, and r h i t e  oak. The wood was linibed, and 
other controlleble variables were eliminated. Approximately 
15.6 percent of t h e - t o t a l  volume produced.was chipped in 
this t e s t  of the e f fec t  of species. 

a 

Table 5.--Effect of species on production 

The results ( table  5) indicate  t h a t  the species fac- 
tor may be unimportant ~ 5 t h  respect t o  volume production of 
chips, regardless of physical differences among woods; the 
chipper had enough power t o  overcome such differences. O f  
course there ie signif icant  difference i n  specif ic  gravity 

Total  volume of 
ch ips  producedl Species 

Cubic Tone Pounds Cubic Percent 
feet  - feet 

Red maple 195.0 1.46 14.9 456.2 7.2 
Oaks 193.5 1.83 19.0 534.4 8.4 

Percentage is based on t o t a l  production of study, 6,373 
cubic feet. 

Production per 
elapsed hour 

Chip weight per 
cubic foo t  



between red maple and the caks. This accounta for the 
greater weight of the oak chips produced. 

S i z l e  of crew 

When the chips Were being ejected i n t o  the bed of a 
truck, a 3-man crew was found t o  be best. One man had to be 
i n  the tmck at nearly all times to level off  the load as it 
bui l t ,  up. TWO men were needed t o  feed the chipper. They 
were usually able t o  keep it supplied continually a t  a rate 
that could be kept up throughout a working day. 

Figure 4.--Chipping *ed brush diMctly into a truck. 
Notice the.pilss of bruah $ 1 ~  the  mad. A 3-aian mew 
was found t o  be most e f f ic ient .  

v - 
It was found that with three men feeding the ehilpper, 

one was id le  part of the time await ing his turn to  feed i n  
the wood. They s i m p l y  got i n  one another's way, 



E f  f ' i  c i e n c y  o f  c r e w  

Much of t h e  t i n e  the  3-man crew consisted of the 
wri te rs  and one a s s i s t an t ,  none of whom had any but a very 
brief  pr&ious experience with wood c g p p e m ,  

Although feeding the  chipper is a.simple matter, a: 
few dayst expe'rience developed certair j  .useful knacks that 
made possible a s tead ie r  output of chips. For example, we 
found that pole wood could be f e d  i n  either end f i r s t ;  so 
there  was no need fo r  turning pieces end for  end i f  they 

\. were reversed in the  piles. Likewise, i n  feeding in swll 
brush, we soon found tha t  the  whiplike slender branches 
could whip about and i n f l i c t  a painful blow as t he  brush was 
drawn i n t o  the  chipper. Some means  of protect ing t h e  eyes 
should be provided when chipping brush. 

-The. c.rq natura l ly  became more e f f i c i en t  as the study 
prgg+.ssed. As they gained experience there wepe fewer and 
sh.rt6-r .&&ays in feeding t h e  chipper, and the  productioa of 
c h4 ''$4 'became more uniform throughout t he  day. 

. - 

~ e f h ~ d  o f  p i l i n g  wbod 

+our a f f e r e n t  methods of pifi.ng the  * w d  to'be chip- 
ped were used, as f6llms: 

1. I n  windrows along access road, butt ends together, Mte- 
rial. orLented a t  45-degree angle-to access road, 

2. In p i l e s ,  at 45 degrees t o  access road. 

3. I n  ~ i l e s ,  at r i gh t  angles t o  access road6 

4. I n  piles, pa ra l l e l  t o  Access mad. 

The unlimbed material  was p i led  with t he  butts all 
pointing the  same way. Limbed mater ia l  would go through the  
chipper e i t h e r  end first; so limbed poles were p i l ed  without 
regard t o  which way t h e  bultts pointed. 

There was less los t  motion when the  wodd piles 



pointed d i r e c t l y  a t  the  feed opening of t he  chipper. There- 
fore ,  the pos i t i on  of the  chipper i n  t he  road determines 
whether t he  p i l e s  should be a t  r i g h t  angles t o  the  mad o r  
i n  some other  posi t ion.  The pos i t ion  of t he  chipper depended 
largely  on which del ivery  chute was used and how the  chips 
were being disposed of. 

Actually, ca re fu l  piliw of t h e  mate r ia l  was more im- 
portant  than t h e  o r ien ta t ion  of t he  p i le .  Many times the 
chipper was without wood f o r  periods of perhaps 20 seconds 
while t h e  feeding crew wrestled with a s t i c k  t o  f r e e  it from 
the  p i l e .  Careful piling would minimize this source of l o s t  
time considerably. 

I n  theory, having the  wood ava i lab le  from both s ides  
of the  road would be the  mst convenient f o r  t he  chipper 
operators. b c h  man could then draw oirood fmm a separate 
p i l e  without interfering wi th  the other. 

It was found important t o  have a c l e a r  working space 
between $he p i l e  of wood and t h e  chipper. The space should 
be a t  l e a s t  equal t o  t he  length  of t he  longest  piece of wood 
i n  t h e  p i l e .  

Although care  and method of  p i l i n g  are important t o  
achieving maximum p r o d u ~ t i o n  eff ic iency,  they are not c r i t i -  
c a l  f a c to r s ,  Compared t o  knife s e t t i n g  and s i z e  of wood? 
t h e i r  s ignif icance i s  negligible.  

W e a t h e r  and g r o u n d  conditions 

A record of general weather conditions--precipita- 
t ion ,  average temperature, and t h e  like--was kept f o r  each 
working day. It w a s  a minor f a c to r  i n  a f f ec t i ng  production. 
As in o ther  out-door work, the general  e f f e c t  of inclement 
weather was t o  slow operations by making t he  work harder and 
more hazardous. . 



C , O S T  O F  C H I P P I N G  

THE COST OF OFERAflNG t h e  chipping machine was calcu- 
lated at, $4.04 per hour, elapsed time, This was based on 
the  labor and machine costs tabulated below: 

Labor: 3 man-hours a t  $1.00 . . . . . . . $3.00 
' . 

Machine costs : 

Operation--GasoLine, 3 gallone a t  20 cents . .60 
1 . . . 1 . . . . . . . ..02 

Maintenance--Grinding knives . . . . . . .05 
P o w e r u n i t a n d t r a i l e r .  . . . .05 
. Miscellaneous ' . .  .a 

Depreciation--Chipper, $780 i n  J.20 months . . .04 
Knives, $70 i n  24 months . . . .02 
Power unit and t r a i l e r ,  , 
$1,100 i n  60 months . . . . .U 

*__ 

Total , $4 ..Q4 
i 

From t h i s  hourly c o s t  of operation, the  un i t  cost  of 
cMpping can be calculated readily as- 

Hourly chippiw cost 
= Cost per unit. U n i t s  produced per elapsed hour 

The costs  of producing chips are shown i n  tab le  6. The data 
used appear in t he  preceding tables .  

O : I  S C U S S  I O N  

THE WOOD CHIPPER tes ted  was designed primarily as a 
brush-disposal machine. A s  such, it probably i s  a useful 
piece of equipment f o r  disposing of brush. 

'INCLUDES ESTIMATED T IME FOR CHAWGING AND STONING KNIVES. ADDING FUEL. AND OTHER 
MAINTENANCE. OUTSIDE OPERATING PERIODS. 



Table 6.--Appro~bkte cost of produciw chipped rood, 

loaded i n  trucks at ch i~p ing  site 

Bedding 3/32 x 1/8 $2.33 $2.93 $2.56 $3.43 
Mulch l/% 1 77 2.01 1.77 2.15 
~ d e h  3/32 2.45 2-95 2.58 . 3.29 . .  

However, a s  new markets f o r  wood chips develop, the re  
w i l l  be new poss ib i l ib ies  of extending t he  use ~f such 
light, portable  chippers beyond t h a t  of mere brush disposal. 
Within t he  limit of t h e i r  productive capaci ty  and the  
l imi ted s i z e  of mate r ia l  they can chip, such machines ean 
manufacture chips suitable f o r  several  uses, present and 
proposed. 

From bhe f o r e s t e r ' s  viewpoint, however, a chipper of 
the  s i z e  t e s t ed  i s  unable t o  u t i l i z e  much of t he  fo r e s t  
waste t h a t  s t i l l  must remain a l i a b i l i t y  i n  stands older  
than those cut  in, t h i s  study. This waste i s  i n  t h e  excessP 
low-grade mater ia l  l a rge r  than the  chipper can handle, up t o  
t h e  mfnimum low-grade small sawlog of 8 o r  9 inches--wood 
tMt formerly supplied t he  now l imited f u e l  market. It i s ,  
possible t o  bu i ld  laI'ger ch5ppers. t o  u t ' i l i ze  this material ,  
but as t h e  s i z e  increases so do the costs ,  and t h e  feature  
of mobil i ty tends t o  decrease. 

Inches 

Cost per 
100 cubic f e e t  
woods run 

TYPe 
of chip 

Cost per ton, green 

Yet there are  many young stands--at a c r i t i c a l  age 
with respect  t o  t h e i r  f.uture . grmth and composition--in 

- which much o r  a l l  t he  thinned mterial is  within t he  small 
chippesv s capacity. I n  managing these  stands t h e  small 
portable chipper could be a very useful  too l ,  

Knife 
setting 

used 

It was observed t ha t  the  chips produced i n  t h i s  study 
of t he  drum chipper did lack uniformity i n  a l l  dimensigns a t  
any knife  s e t t i ng .  This condition appears t o  be chatacter-  
i s t i c  o f  chips produced by any manually f ed  drum-type chip- 
per with hor izontal  intake.  A more ser ious  factor ,  and one 

Maple Woods run Oaks 



inherent i n  chipping am;Ll round wood with type of chip- 
per, i s  the. presence of bark, which, a t  l eas t  f o r  most chips 
used fo r  pulp, i s  rather undesirable. The bark i s  d i f f i c u l t  
t o  separate from t h e  so l id  wood. 

Farme~s Who have viewed the finest material  this 
chipper buld produce , feel tha t  i t  is s t i l l  too coarse t o  'a make good edding. But, they said, it probably could be 
used i f  other l i t t e r  were not available. 

?'his i s  one f au l t  t h a t  can be overoome. Six-knife 
machines a re  being developed that will be able t o  produce 
good bedding chips. Changes i n  the knives of the chipper 
tes ted may a lso  gain t h i s  end. Since the study was made, 
using square-toothed knives, the manufacturer has hproved 
the  design of the serrated knife. The new knife i s  f lu ted  
instead of square-cut; t h i s  gives the  tee th  more etrength. 

, Another fac tor  that farmers a re  interested i n  i s  the 
a b i l i t y  of the bedding to  pick up moisture. It is possible 
tha t  green chips cannot do this a s  well  a s  dry chips. This 
could be overcome by chipping only air-dry wood,.pr by dm- 
ing  %he chips. A r t i f i c i a l  drying, however, would increase 
the m s t  and d g h t  riot be pract ical .  

. , .  

The wood chips pmduced by t h i s  portable drum-me 
chipper appear satisfactory for most other uses such as 
mulch, s o i l  amendment, and fuel,  I n  general, this equip- 
ment, i n  its present state of development, has encouraging 
possibilities i n  both forestry and .agriculture when the fol-  
lowing conditions exist :  

1, The wood t o  be ch ipped i s  eas i ly  accessible and of small 
diameter. 

2. Chip qual i ty  i s  not i m p o r t a ~ t  with respect t o  sise, uni- 
f o d t j l ,  br presence of bark. 

3. A -11 i&t%al investment and a low daily operating 
cost a re  desirable. 


