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INTRODUCTION

China not only rescgnizes the need for meclenlzation
but 1s going the necessary step further Ly making plans to
satisfy the need by whatever methods will bring the best and
guleckest results,

whet 1s the meaning of mechanlsatlion? ¥echsnlzatlon is
the proce=z:s of utilizing power. The progres: of agrieculture
is the result of the inerease in the use of power on farm.

Farsert's power plant includes windmilils, lta_un engines,
stationary engines, motor trucks, electric motors, and the
two most important motorse-(1l) tractors and (2) animals,
Among these, only animels are widely used in China and winde
milles ueed looally. If it 1o necessary to reslise the agrie
cultursl mechanlization in China the kinds or guantity of
powor used by farmers must be incressed, In this way the
tractor, cne of the two most Important farsm motors, should
go to the ferm sa the farmor's maln helper.

in general, tractors may Le divided intc twe typea, farm
tractors and smell trasctors, Helween these, which one 1is
suitable for Chinese conditions? Yu (1947) indlecsted that
only the small trector is¢ needed to cope with the situstion
presented in Chinese agriculture, The suthor slso had made
a study on the adeptetion of these two tractors in the summer
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of 1947 st Hanking, China, and got the result that the amall
tractor was more easily sccepted by the fermer than the farm
tractor.

fow many attachnents does a smell tractor have? Plow,
harrow, planter, cultivator and mower are the m:t'eom
sttachments, Among sll the opersations of rice and wheat
eultivation, harvesting slways shows the most zevers case of
lsbor shortage because the lerge screage of the erop must be
hervested within & limited perlod. Any deley in reaping at
the correct time incresser the grain loas sherply. The
farmor usually has to pay the higheet wages to get enough
helpers bessuse during the hervesting season all the availe
sble labor is dhuay in reapinge.

Under the asgrieultural eonditions in China, small
tractors should have & reaper sa thelr one lmportent attach=
ment for not only reducing the cost of harvesting, dut also
for changlng the charascter of labor, The purpose of this
resesyeh work is %o try to make a proper reaper connegted to
& small trector for reaping rice and wheal under Chinese con-
ditions.



CHINESE ACRICULIURE AND THE HEED OF A REAPINC MACEINE

Chinese Azriculture

Esrm population

In gomperison with that of the United “tetes, Chinese
szriculture 1z slnmost entirely different, both in practices
and in ferning systems, The btssiec difference 12 in the
density of populstion (Tsou, 1944),

Ching 1s predominantly an spgricultural sountey, with
a8 gross area of slmost three billion seres (including Tibet
and ¥ongolia), oply 12 percent of this sres (230,000,000
ecrez) lz under cultivetion, 7The total populstion is 480
millilon, 80 percent of whiech are engaged in farming.

The farm population per square mile of orop ares is
found to vary from 900 to 1,900, some serried distyicts having
ag many sz 4,000 perscns, The auwkward balsnce between the
vast total land area and the mmall farming land and between
the totsl populstion snd the large percentage of people on
the farms has produced the inevitable result of small farms,
It has been figured that in China 1t takes three farmers to
feed themsolves snd one non-Tarmer, whereas in America, the
other and of the extreme, one fermer produces for himself
and six non=farmers.



Size of fleld and farm

The size of the unit fleld is small., Rice Tlelds are
ezpeclally smaeller than the flelds used for ralsinz other
erope, for it is essler to level and control the water flow
over smell areas,

The usual slze of ferme is only four seres (Buck, p. 266,
1937 ).

land gwnership

All the land of each ferm i1s divided Into meversl flelds
wiileh are usually not adjolining each other, That makes for
the fragmentariness of land.

Dykes sround the boundaries of flelds

The dykes sround the boundaries of the flelds ere high
and narrow, especially in tle rice sres. Under these men~
tioned conditions a ommll tractor would be better sdapted
then sould a farm tractor,

Solsly from= the standpoint of the efficlent and economic .
use of machinery the farm trastor is no doubt prefersbls,
but the diffisulties of bringing sbout the changes necessary
to psralt the sconcmic use of "large" (farm trsctor) equipe
ment sre many: lnoresasing the size of fields, changing plante
ing methods, changing the pattern of land ownership, eto.
Therefore, no rapid or general change ean be anticipated,
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On the other hand, small tractors snd thelr attachments
which sre more sultsble $o the small flelds and more easlily
transported may bde introduced with less need for any radleal
change in the pattern of land ownership. That iz the reason
the small trsctor is preferable as the power unit in China.

pereentages of food supply from various crops

According to the estimation of Dr. P. W. Toou (1948),
the percentages of the food supply in China from various
erops are shown in Table.l,

Tablie 1
rercentages of the Food Supply from Variouvs Crops in China

Creps Percentages

kice 7

Millet 1¢é

corn %]

Others 10
¥sln sgricultural reglons

Ire Je 5Le Puck (p. 30, 1937) classified the Chinese
egricultural sres into two regions; namely, whest reglon,
ares 440,174 square miles; rice region, srea 813,751 square
miles,
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Labor reguirement for growing grops

The man and animel labor requirements per hectare
{2.471 seres) for various cropz in China (Bueck, p. 320-24,
530, 1637} are shown in Table 2.

Table 2

Ean sand Animal Labor Regqulrements per Hectare for Growing
Various Crops in Chins

Crops Labor requirements (day)
Kan Animal
bheat 930 2348
Rice 1u7.8 S8.2
Barley 118.3 2040
corn 102.4 16,9
ﬁazgonn 97,0 23546
¥illet 103.9 234
Esoliang 903 254,86

Amount of man labor required for sach operation of growing
rice snd wheat
Percentage of man labor required for each operation of

growing rice and whoat 1s shown in Table 3 (Buck, p. 320=24,
1837}«

Agricultural labor shortage

The agrieultural labor shortage in China is shown in
Table 4 (Bueck, p. 318, 1857).
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Table 3

Parcentage of Man Lebor Required for Each Operation
of Growing Rice snd ¥heat

operation Labor
“Rice Thoet
Plowing 10 11
ilizing : lg
Fers
Planting 14 9
Cultivating 18 14
Harvesting 10 18
Threshing 9 14
#iscellanecus <6 18
Total 100 100
Table 4

Agricultural Labor Shortage in China (200 Loecslitles,
168 nalen, 201 Frovinces, 1926-1533)

Operation Percent of loeslitlies reporte-
labor tage

'ﬁﬁnﬁ%&w Rice reg

Xone 15
Harvessing 78
cultivation 17

ERol3B

Flant 16
Irrtg:l:gm 2




The Heed of & Heaping ¥achine

All the itema sbove have pointed out that in Chins rice
and whest are the Ltwo naln erops, that the labor regquire=-
ments per hectere for both man lsbor and animal lebor on
rice or wheat culture are higher than that for any other
crops, and alsc that the labor shortage is especlally felt
during the harvesting perlod,

At present the farmer snd his femily cannot harvest
thelr crops alone. They depend on outside help whlch is very
uncertaln and mnnbio under omdinsry conditions, Enough
help may be seoured, but sometimes the crop bLecomes dry and
shelled out due te lack of harvesters.

There iz s proverd in China whieh says that, "harveste
ing wheat ought tec he done as gquickly ss putting out a fire.,"
The hsrvesting of grain haz been the most burdensome and
exacting cperation on the farm, It must Le done at the right
time and may not be delayed like other work, for if not
promptly done the farmer msy lose all the frults of his pre~
vicus labor, Chinese feramers are reslly anxious to have a
proper reaping meciine.



INVENTION AED DEVELOPEENT OF
REAPING MACHINES

"rhe twlg planted by British inventors, noumrished and
tntelllgently cultiveted by practiesl genius, hed in 1850
become & vellmrooted, vigorous saplings theresfter, 1t grew
rapidly, putting forth llmbs and branches In various direc~-
tions®, sald Arérey (p. 47, 1804). 4o scon as 1t had been
demonstrated that grein could be suvocessfully harvested by
machinery, inventors directed thelr attention to 1its deslivery,
to provide mechanical methodz lor getilng it off the resper
in the best poasible shape for bindings the various selfe
rakes and droppers were then invented,

A praotical reaper was produced by degrees., One man
{nvented a machine having, perbaps, only & single unseful
features his machine dled, but this feature lived, another
did llkewlse and still ancther did, too, snd so, as the years
rolled along, the useful festures bLecane msssed untll prace
tical mechines contalined them all snd the successful reaper
wes Invented not by one man, but by many. ‘

In making & study of the invention and development of
reapers, we find that nearly sll progress along this line
has beoz comparetively recent, One hundred years ago the
farmers wore still using the same kind of harvesting tools
that fermers in Bible Uimes used.
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Hand Tools

There is no record of any machine sonstructed to reap
grain otherwise than by hand until sbout the close of the last
century (Ardrey, 1804). The people of early tlmes were pro=-
vided wlth erude hwmnd tools t&tﬁnmor grain, These
primitive sickles or roeaping hooks were made of flint end
bronze or with a wooden handle and iren blade., It was the
most up=to-dste method of eutting grealn from early times
until the latter part of ths elighteenth century, One =an
with & sickle could cut from one to one snd & half meres in
ten hours.

The first step in advansenont came in the latter part
of the elglitesnth century when the sickle was made into o
scythe, the blade belng lengthened snd the handle being
adapted so that both hands could be used,

The eradle was deoveloped from the seythe by adding
fingers to keep the siraw stralight, The time of this intro-
duetlon was sonewhere betwesn 1776 and the close of the
elghteenth century. mommladmttmmtom
acres per day.

All of these hand tools are still the implements used
for eutting grain and grass 1in many places where conditions
are such that reaping machines sre ilmpracticable or have
never been introduced. ‘
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The Firast Reaper

Fliny, writing in the first century A.D., described a
respling mechine used In Geul. It consisted of a large comd
sttached to the front of & two=wheeled box which was pushed
along by sn ox, The comb wgs run through the corn just bee
low the heads, snd & man walking beslde the mschine swept
the heads backward, sc that they were broken off and gathered
into the box. :

inglish Development

g« Hefore 1806 there were several attespts at the de=
sign of & reaping mechine, but none were successful,

be 1806 = Gladstone invented s mschine, In hls machine
the horse walked st the side of the graln and, hence, the
introduction ef the slde cut resulted. It had s revolving
cutter, & orude form of gusrd, an inside and cutslde divider,
a plstform, ant & hand reke. A4s s whole this machine was not
successful,

c. 1808 = falmon of woborn invented the reciproecating
cutter, which soted over a row of stationary blades, This
machine combined reciprocsting and edvancing motion for the
first time. The delivery of the graein wss unigue in the
fact thet & verticel rske actusted by s crank ewept the grain
from the platform upon which the graln fell after being cut,

ds 1812 = John Common of Alnwlek submitted a model of
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& resper to the Royal Soclety of Arts, This mechine head sn
angular reciproesting knife In & finger<bsr and wee driven
from a live axle through bevel geering, an eccentric end a
econnecting rod. It possecsved Lhe essentisls of the modern
mower, but never Lecame a commercial success,

o, 1832 = Henry Ogle produced a machine which hed @
reel (the first reel used) and a dropper.

f. 1626 « Patrieck Bell of Carmyllie produced the first
successful reaping machine; the origlnel meschine may be seen
in the Zelence Museum in London. His machine held cacillate
tng knives, each of wilch were sbout 16 inehee long and sbout
4 inches broad at the bscks IV presented s new ides In have
ing & canves moving on rollers Just behind the cutting
mechanism, which carried the grain to one side and deposited
it in a continuous swath, e also provided hle machine with
e reel and inside and outside dividers, His mechine con=
tinued to Le used in some parts for seversl years until re-
placed with machines bullt after the laventlons of the
Americans, Fussey end HeCormlcks

fmarican Development
8, Defore 1838 there were none of any importance,
be 1033 = Qled Mussey, of Neslfimore, was granted hls
patent whlch marks the beginning of a period of almost
marvelous developmeunt. IHis reaper was principally remarkable
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fer its compact form, ite hinged frame, snd for the novel
construction of i1ts guard«teeth, which were made double or
slotted, so that the scalloped or sigzag nife night vidbrate
throuzh the openings, the spate Detween ssch guard, from
genter to center, being as wide ms the dlstance between each
point on tiw knife or slekle,

6. 1834 - Cyrus H, HeCormick patented his first reap~
ing machine., His mechine was provided with g reel and an
outalde divider, The knife ha€ an edge like @ sickle and
worked through wire, The maschine had a out of about 4=1/2
feet and was drawn by one horse. The graln fell upon a
platfora and was raked off by a =man who used s hand rake as
he walked bealde the machine.

¢, 1851 - Palmer end Williams Iinvented s sweep rake
and guedrant platfors.

€. 1808 = 0, We and W, W. Harsh gave to the world the
¥arsh harvester., Thia carried twe or more attendants who
recelved the greln from an elevator and bound 1t Into sheaves.

fo 1869 = John P. Appledy developed the knotter end
added g self'-slizing device. The Appleby knotter iz used on
alnost every mschine todaye

Ge 1870 « Ceorge He Spaulding invented and was granted
& patent on the packer for the modern harvester,

he Since 1875, lmprovements have been in detalls of
worimenship rether than in elements. The most laportent
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fundamental development of recent years has been the direct
driving of the outting snd dinding mechanlism through the
power tske~=off of the trsector.
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REVIZEW OF REAPIRO MACEINES USED IN CHINA

In Chine the method for rlee harvesting is using slekles
with & serrated blade sbout six inches long and having a
handle one fool in length. The workeyr grasps one hill of
rice (20-30 stalks) in the left hand end with the right hand
glices it off wbout two inches sbove the ground. The sickle
1s not swung but iz drewn seross the stalke like a knlfe,
Frequently, twe hills of grain sre held together with the
lef't hend end severod, one after the other, with two cuts
of the sickle. Then the graln iz carefully laid eside in
small united bundles (gavels) with the butts even., adjuste
ing the butts of the bundle (nct in tied bdundle) is an fn=
portant part of the duty of the person doing the emuttings
even butts are essential when the gralin is threshed at the
threshing box or by the pedal aylindrical Shresher, In
general, the rige straw s valued highly and any damage done
it is considered cbjectionables. In some sections farmers use
straw as the materisl for making ropes and covers of roofs,
In scme sections, however, 1t i1z used primarily for fuel
end in such reglons damsge to the straw in threshing would
not be & soricus detrlment,

The expression "outting™ as used here includes the
sctual cutting of stolks with the sickle, gethering the cut
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stalks into bundles with butts even, and laying the dundlea
down uniformly so as to form a econvenlent windrow for the
threshers or for laying the next gavels down,
The labor requirement for cutting rice with a hand sickle
18 0,33 sore per l0=hour day (Stone and Xan, p. ¢, 1948),
Two methods of wheat hHarvesting ere used in Chinaj one
is using sickles with s smooth blade about seven inches long
and having & handle two feet in length. The worker uses his
right hand to swing the sickle and his left hand to collent
the cut grain, One man could cut one acre per lD=hour day.
The second method ia using crsdles; thewe sre nearly the
same a0 thoase uzed in the United States except using of nets
instead of fingera, The rate of outting iz from two to four
seres per daye
A test of cutting rice with a mower mounted on the
front of & gsrden Stractor hae been made by Stone ané Kan
{ps 17, 1048} too. The following are some of the maln polints
quoted from thelr report.
The windrows =made by the tractor sre not
ea convenlently handled by the thresimen
as are the carefully placed bundles pre=
pared by reapers using the hand siekle.
In the case of hand cutting, the cut grein
is carefully formed Into gavels, st the time
it 18 cut; the buttes and hesda of suech
are even, ihich is an important re~
guirement when the box is used for threshing.
In the easme of tructor use, the cut grain
lies in a continuous windrow snd is not

formed into gavelS.... It may be desirable
and necessary to attempt the deslign
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device that would mct as & butt adjuster

release the cut grain in the form of gavels,

A bound bundle does nol seem necessary or

oven desiruble..e.

In all the fields eut by the trsctor

dition of the serface of the [leld provided

fairly good trection, The tires used on the
tractor wers not good trection tiresg

they were very small (4. «00) and not

provided with raised tresetion lugs. With

tires of proper slsze snd design 1t 1z felt

that draining the flelds sbout two weeks

prior to harvest wonld glve unnfutg trac-

tion econdltions on & large percentage the

rice land ares.

Ramlah (1947) designed a2 reaper for Indla. His reaper
may be used in China for the agricultural conditions of those
two countries are salike, especlelly in the rice area. The
reaper was designed for intermittent motionj in this way the
cut grains lying on the canvas conveyor are deposited on the
ground to one side of the reaper at intervals in untied
bundles. Dut he suggested that sn antomstic mechanlsm,
driven Shrough the land wheels and sctuanted by cams, can be
designed S0 deposit the gralns to the side while the machine
is in continuocus motion, %When this ls aschleved, the per=
formence of his reaper will be as continucus as any other
field mschine, Thls al teration not only incresases the nae

ehine’s capacity but will certalnly meke it more welcomes to

;
E

its users.

A binder could net be used on a small rlee field; it
would be too difficult to maneuver properly snd could be used
on wmeat area, but the present cost and searcity of binding
twine would prohiblt its use.



DESICHN AND CONSTHUCTION OF THE REAPER
FOR ULE UNDER CHINESE CORDITIOND

Punetions of the Heaper

A good resper for use under Chinese sgricultursl eone

ditions aust have the following functionss:

1. The reaper must be used to cut both rice and wheat,

2+ The resper must cut the stalks off ebout four
inches sbove the ground level.

3« The reaper must gather the cut atalks into bundles
{about five inches in Glameter but not in tled
bundle) with even butts and heads,

4, The reaper must lay beslde itaself the bundles down -
intermittently on ths land so ss to form & eon=
venlent windrow for the thresher.

Reguirenents of the Resper

Besides the general requlrenents of & welledesigned
sgrioultural machlne (Davidson, p. 36, 1931), & resper for
Chinese conditions must have the following essential re-
guirenentas

l, fe ensy to mount on and to detsch from the

power unlt,
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Conform to the general construction of the
sickle bar, speed and astroke of the sickle

and to the successful practices used in com=
bines and binders,

Be a real laboresaver. The Wl dth of cut of the
sickls bar 1a sbout 38 inches and Sthis will
enable a person to harvest gbout nine acres
per daye

Be of light welght so as to be easily trense
ported from one fleld to another, Framework
of the reaper is to be as light as possidle
without ssorifieing rigidity and strength, It
may be bullt of light angle iron and tubulaer
structure, Cas or electric welding are to be
used throughout the fabrication except for parts
which require removal tc be gconvenient for

_rap-h-l.

Be easy to operate. &Eince this reaper will be
operated by one sman who will be walking behind
the small trasotor, only an extre hand lever 1is
added to the small tractor to control the reaper,
fave overall dimensions planned so that a large
radius of turning may be avolded.

nave sufflclently low cost to permit economic
operation.
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Deseription of the Designed Reaper

Before any kind of reaper is designed the designer ought
to read over or Uske intc full consiceration the seven essen=
tial principles of the Cyrus lall HeCormick reaper (McCormick,
Pe 17=18, 1631) as & gulde, These sre:

l. The straight reciprocating knife, shereby the

standing grain 1s attacked by lateral motlon
es well as by the forward movement of the sma-
ehine. (This the inventor himself regarded as
the most vital of the slements,.)

2. The fingers or guards for the knife, which support
the grain at the moment of cutting,

S. The reel, which gathers the grain in front of the
reaper ané holds the heads In place as the
fingers hold the stalks.

&, The platfors, on which the grain fells to be
reaked away in s swath,

§. The main wheel, directly behind the horse, which
oarriss the machine and cperstes gears o
sctuate the moving puarts.

6, The cubting to one side of the line of draft,
which permits the horse So walk on the stubble
wiile the cutter bar works in the standing grain.

7. The divider at tho outer end of the cutter bar,
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which divides the standing graln from that
which is to be reaped,

_ These prineiples ars present in saoh resping machine,
This experimental reaper was designed secording to all the
foregoing specifications, Ten diffsrent main parts ere de-

soribed as follows and the reaper assembly iz shown In

Figure 1.

Erime motive power

The "David Rradley" gerden tractor was used as the
prime motlve power. The specificationa ¢f the tractor are:
ol RS s,
& o, 450400, H.P. 1=1/2
The engine monnted on this trsetor was mede by the
origge end Dtratton Corporation and 1t s a Model ¥ rope
starter type gascline engine designed as & standard 1l-1/2
HeFe unlt equipped with a throtile control and welghs forty
pounds,
BOPBessvecssvsesesscerereresd inches

Strok@ccecosnssnsnssssncessl ilnches
Plston dlsplocenenleccsres«8.28 ou, in,

TYPBesscccsscnsssvsssnsnsend Gﬁh_.‘gm. eylinder

IgnitioNesseesnnnsesssssnecPatonted high tension
butlteln flysheel

nagne
m““m-..........--;-mm system
It develops & power of 1,30 to 1,68 H,P, while the speed
range 1o from 2000 to I600 R.P.Me
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For determining the adequate power requirement of an
engine, comparison was made to & machine performing < miler
function end this was the binder. In the caleculation of the
capacity of the power unit, the high drelt has to be con=

sidered. Table § indlicates that the high dreft of the Linder

Table &

The Pull Reguired in Pounds per Yoot of width or Draft
per Foot of Fleld Xachines

¥eehine Low Flgh Hormal

per fcot of width 1s 150 pounds, Pased on Sthis dreft, 2.4
N.P, 18 roquired for a gralin binder of three feet width at
a spesd of two miles per hour, but the reaper designed is
comparatively light in construction and has no heavy fleld
wheels. The operator walks with the meschine instead of
sitting and saves tem pounds of draft., This 1z shown In
Table € (Sanborne, 1891), Also, the knotting mechanism 1is
not present, Due to the above ressoning, an engine of 1.5
nomingl H.”, was proposed to be used as the prime mover,
There 13 a close sgreement of this result with caloulstions
made by Carter (Cartor, 1534) in Table 7. It will be seen
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Table 7
Power Roguirements cf Fleld Hachines

Yauwe of Eormal draft per D.B.0.F. reg
machine foot of width e OF_uwldth

that this table Indicates 0,40 D.B.l.Pe por foot of width of
eut in grain dbinders at the speed of two miles per hour.
This corresponds S0 1.5 H,P, for a tlwee foot width of eut.
These calculations were proved in prastice when the machine
worked up to expectationa,

Iramewerik

The frame muat be strong and rigld enough tc carry ths
total welght of the reaper itself and sbout 30 to 40 pounds
ef eut grain, and to resist the vibration when working in
the fleld, It must necessarily be simple for esse of fabrie
cation.

Figwre £ shows the general layout of the fremeworke.
Flzures 3 and € show the side view and front view of the
reaper, respectively. It was bulls up of plpes end elther
1ight flat steel bars or angles with & view of making the



Plge 2+« The Genersl Layout cof the Frame Work




FPigs 4« Front View of ths Reaper
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framowork easily detachable. Only the cutter bar of 38 inches
in length wes cut from the used binder,

The cutter bar and three pleces of steel tubling formed
& rectangle, it one end of the rectangle, two bearings for
one wocoden roller were c&rried; at the other end of 1t there
were twe adjustable besrings for snother wooden roller,
These sdjustatle bearings were for regulating the tightness
of the canvas COnveyors

Cutter bar assembly

The construetion of the cutter bar was the same as that
of the ecrvesponding psrt of the binder, The gusrds, guard
plates, sickle clips, sickle bar and wesring plates were
attached In the seme manner and had the same funetions, The
cutter ber did not drag on the ground., The welght was borne
on the wheels and the shoes of the resper. The bar Itself
wes made of hegvy-stock Z-bar angle zteels The guards were
bolted So the cutter bar, They were spaced two and one-half
inches apart. A S4-inch (effective cut) reaper, therefore,
had thirteen guards., 7The sickle sections were held down
against the guerd plates by the knife clips. The sections
wvere serrsted, Smooth gusrd plates were used in connection
with the serrated sections, Thls combination gave the bLest
results for cutting grein. 7The travel of the sickle was
five inches, twlce the distance between two guards,
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At one end, the sickle bar was connected through a
short link to the bell crank lever. The othaer end of the
bell crank lever was attached to the plitzan shaft, The speed
of the siokle bar or the number of strokes of the sickle bar
per minute or per fool of travel of the lesnd wheels will be
discussed later in the sectlon sbout the tisnsmisalon of
power to the slickle.

Platform

Plgure 5 shows the plsiform with the three platform
rollers and two platform conveyors in plsce. The cutter bar
was sttachied to the front of the platform. The inner cone
veyor (or the short cne) put eround rollers 4 and B in Figure
8. The outer conveyor put sround the elevated roller C snd
the whole inner sonveyor. The cutelde roller was drivenm by
the bevel gear and this roller drove the inner conveyor, and
the inner conveyor drove the ocuter conveyor., The inner and
elevated rollers were two carriers or "idler" rollers only;
that 12, they dld not drive but only carried the canves con=
veyors, The bearinge of both the inner roller and the
elevated roller were adjustable for tightening the canvas
cONveyors.

The bottom of the platforz was made of sheet metal whieh
was carried on four angle iron oross aills.

To prevent the grain from belng blown over the rear of
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Fige Bes Platform with Three Rollers eand Two
Canvas Conveyors
Ae Cutside roller
Pe Inaide roller
Ce Eleveted roller
De Inner canvas conveyor
e Cuter canvas conveyor
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the platform, the platform fence (Fig. 1, No. 21) was used,
A the graln wapr ont by the sleckle it fell on the moving
outter platform conveyor wilech was 36 inches In width (the
total height of the graln is 24 to 36 inchea) and conducted
the graln to a height about .16 inches from the ground and
dropped 1t into a basket (Flg. 1, ¥o. 14).
The speed of the canves conveyor was sbout 380 feet
per minute on combines and 120 to 180 feet per minute on
binders (wooley, 1986). In this design the speed of 130
feoet per minute waz sdopted,

Table ©
Speed of Orain Conveyor on Binders

Este of travel Speed of canves spron
2174 S 7 Te/ain
200 176 120
.28 198 133
2.50 220 180
2.75 242 165
S.00 264 153 §
Basket

As the threshing box method 1s used in Chine, the cut
grain must be deposited on the stubble in even stralght
windrows, so that 1t can easlly be plcoked up and gathered
into bundles for threshing (Stone snd Kan, p. 17, 1048),
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craln heeds must &ll lle in one dlrection snd butts in the
other, Butts and heads of the bundles must be even to facllie
tete tureshing. Hensce, it 1s necessary that s proper device
for an orderly deposition of cut grain should be incorporatedd
in the deslgn.

Hany methods which ecan be used to colleet and deposit
eut grain In even bundles (not in tied bundles) on the ground
at egqual dlstanges are as follows:

1, Use of a stationary platform and the raking of

the fallen cut grain in these ways,

2. by & hand rake with suffieclent hesd-space
for opersting the reke without the reel
getting In the way;

.h. by & rake which sweepe sutomatically;

¢. by a metal plate traversing on the stationary
platforn from end to end, Thls plete is con=
nected to chalns and moved on the platfors
intermittently to reke the cut grain.

2+ Use of a canvas apron as the platform moving intere

mittently,

as by & eluteh to contrel the motion of the spron,
then the cluteh is sngaged the spron will move
faat and deposit the cul graln outside, Then it
ts declutohed 1t will stop the movement,

be by & canves apron shich moves very gquickly and
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drope the graln %o one side and then remalne
stationary for an interval.

3« Use of & canvas apron as the pletform moving cone

tinuwously,

8, by & vertioal plute at one end of the platforam,
This plate may be ralised or lowered, by the
operator or by an sutomatic mechanlism,

be Dy 2 $1ltable Dasket at one end of the plate
fora which 1s sntomatieally tilted when it
is full to unload the grain.

Among these, the most effective, perfect and labore
saving method is the last one. The basket wes made of three
sheot uelal plates and cne axle (Fig. €). One edge of each
plate was welded to the axle. Three plates were set at an
120 degrees angle to eamch other, In this way the basket unit
wng composed of three small Laskets., It is the purpose of
this basket to collect the ocut graln in bundles, After one
small basket was filled with cut grain the whole bessket unit
was qulekly and sutomstically turned &t an sngle of 120 de=
grees to unload the grain on the ground and let the next mall
basket continue to colleet ite lcad, In most osees the leaves
and stems of cul grain tangled. TNere a wedge point (Fige 6=C)
waz made on each outer edge of the three sheet metal plates
and separsted, dlstinetly, the tangled gralnm into two Iindle
vidual bundles. At last the even bundles were spaced on the
ground at equal distances,
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Beel

The functlon of the reel iz to bend the standing grain
toward the sickle and hold 1t sgalnst the slekle until after
the graln has been cut, The reel should be raiszed, lowered
and tilted forwerd or beckwsré so &o o meet the many differ-
ent econditions., The slats must strike the standing grain just
below the hemd and should not leave the graln until after it
is cut, Four reel slats were used, In the sonstruction of
the reel in this machine there was no deviation from other
standerd machines, Figure 7 showe the reel, the reel sup=
ports and the besrings for the reel shaft,

The two bearings for the reel shaft were a little differ~
ent from others used in this machine. If the reel supports
were not rigld enough, the bearings would be thrown out of
alignwent when the machine was under the operating conditions,
The simple construetlon of selfealigning bearing used in this
machine is shown in Pigure G,

Steel pipe was used ss the reel shaft, Two ends of the
shaft were supported by two self-aligning besrings, Adjuate
ment for varying the helght of the reel was provided by shifte
ing the shalt Learings.

Power for driving the reel was teken from the left drive-
wheel shaflt of the tractor and was transmitted through a
section A V=belt, There was an idler=pulley to teke care of
the tightneas of the belt, A combination of belt, sheaves






Fige 8. Farts of the felf-illigned Searing

Pilge 9« Reel Drive
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and 1dlere-pulley transmitted the power to the reel, ss slown
in Pigure ©.

The speed of reel 1s still an essentiasl feature, Il 1t
is exceasive, rips grain may be threshed out by the slats}
if too slow, cut grain may fall on or ahead of the slckle and
choke 1t. The peripherel speed of the reel in the MeCormlck
Deering combine Yo, 42 is 760 fest por minute, The diameter
of the reel in this designed reaper ls 47 incheaj its R.P.2,
will have to be about 61,

8T BN = 780
“n?n.zx%'“
R = Radius of the reol (ineh)
!33.1’.!!,0!%1‘041

T = 3.1418

%%wa kle, roller of ganves
SORYSIOT,

The various parts which transsit the power to the sleckle,

roller of oganvas apron, basket and reel are described and
shown by figures as follows:
le Transsmisaion of power to the sickle
(a) Crankshaft (Plge. 10=4) end erank (Fig. 10=8),
The power was transmitted from the engine of the
tractor to the crankshaft by Vebelt (not shown),
A% one ené of the shaft a crank wes welded, The
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erank carries the wristpin to which the pltasn
(Pige 10=C) 1s attached. The orank shalft runs
at spoed of 400 R.F.E. Table § (Ramlah, pe. 51,
1647) indlcatez the importent dlamensions, the
ReP. B, 0f %he pltman shaft, the linear speed of
the sickle bar, and the number of strokes of the
sickle ber peor foot of travel of the lend wheel.
All the features of the cutter bar in this designed
reaper were veyry aimilsr to that of the comdine
Hoe 42 in Table 6.

{b) Jaw cluteh (Pige l0=D). Jaw clutchwes used
for stopping and starting the work of harvesting.
Jaw cluteh is eontrolled by the cluteh fork and
the eluteh fork 1s operated by & smell lever
nesr the handle of the Sractor,

{e) Pitman snd bell crank, The pitmen (Fig. 10«C
Fige 1l=i) connects the wristpin of the crank
end the bell crank (Pig. 11-E), and the bell
crank connects the cutting knife or sickle., The
pltuan chenges the revolving motlon of the erank
fnto a resiprocsting motion, whish It trensmits
tc the slekles The pltuan was mede of wood,.
wood is light and resilient, The pitmen 1s held
in place on the wristipin by e lsteh, It may de
easily removed when 1t is necessary to change the
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Pige 10. The Driving Arrangement
fe Crankshal't
Be Crank
Ce Pitiaan
e Jaw clutech

Flge 1l. Transmission of Power to the Sickle
A« Pltmen
Pe Bell orank
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mechine parts. The opposite end of the pitman
connsets the plimen Lox fitted on the bell erank.

2. Trensniszsion of powar to the roller of the canvas
eonveyor
{(n) A palr of bevel gears (Plg. 12-i), The bevel
ﬁm«; s keyed to the right end of crankshalt
and the hevel gesr ia keyed Lo shalf't of the roller.
The speed ratlo of the bevel pinilon snd the bevel
gear is 2 %o 1. Then the shaft of the rolle »uns
at 190 R.P.M, The diamster of the wooden roller
is 2~1/4 inches. Then the apeed of the canvas
apron running sround the roller is about 120 feet
per minute (cheek with the dsta Iin Teble 8).

These bevel goars sre used for changling the

dircetion and speed of the motion, the crankshal't
being placed at a right engle with the roller's
shalt, m-ﬂmtwﬁthntmc.ﬁhhh
shown in Flgure 1, ¥No. 21.

3. Transaission of power tc the basket
he problem was to get the basket to rotate 180
wummm&mumacm
amount of eut grain was collected, when this
project was first undertaken there were zeveral
diverse designe and arrangemsnts proposed. Seversl
of theso were glven consideration snd tested
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Fige 18« Transmission of Power to the Roller
Ae Devel geoars
Be ¥eoden rolisy

Plg. 13. The Turning of a Basket Automatically Centrolled
by tho Weight of Cut Oraln




ol G

before one was {inally adopted. Xach one of
these designs excelled in scme special point, but
was thyomwn out on account of an objectionable
point shileh overruled the good points, The de=
sign having the best combilnstion of controlling
factors was experimentally arrived at:

{e) In the first experiment the welight of cole
lected cubt gralin, csnm and spring (Fig. 13) were
used, As the welight of collectsd cut grain in
the basket overcame the strength of the spring,
the bssket turmed 120 degrees until the next
notch of the can epprosched the nosze of the rod
which was controlled by the spring.

This method wea discarded for 1t could not work
succesafully. In fact, the reslstent force
included not only the strength of the spring,

but also the frictlonal force of the contact
surfaces between the shaft of the basket and the
besrings, and between the nose of the rod and

the cms, Within thess resistant forces the frice
tional force varled always on sccount of the
vibration of operating conditions and the different
smeoothness of rubbling surfeces. If any one forece
varied, it made the experiment fall to get the de~
sired result,
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{b) In the second experiment the Ceneva wheel
{(Pragemen, pe S41, 1947) wes used, The derivative
type of Ceneva wheel is shown In Figure 1l4. The
dlse A with pin 1is the driver, The pin moves in
the slots on B, causing I} to turn, B 1s festened
to the shaft of the besket., In the figure, B
will turn one~third revelution (or 120 degrees)
and rest while A makes one eontinuous revolution,
During the perlod of rest B is prevented from
turning, since itz eoncave surface 13 in contsct
with the convex surfece on A. This method wae
discarded too, because after turning one=third

of & revolution snd when the basket should stop
and unlosd, P received an inertis from i1t and made
1t eontinue to tuwrn, Neanwhile, a large pressure
took place on 2 polnt, or a amsll contact ares,
between the concave and convex surfaces and had a
tendency %o stop A from continuing to turn. In
this way the mechine parts of this mechanism were
saslly out of order.

{e) The third experiment resulted in the adopted
design. The design which was finally accepted as
the beast arrangement to use is the ratchet
sechanisn (Prageman, pe 243, 1647). The arrange-
mont 1s shown in Figure 15, A and A' are festened
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to the shalt of bssket, A, the front S-teeth
ratchet sheel and A', the rear J-teeth ratchet
whieel, are fastened tojjether but with oppowl te
teeth direction end 2 1s an oselllating lever
eurrying the driving pawl C. € iz connected
with s revolving sheave E by rod ¥, A supple=
nmentary peswl U prevents besckward motion of the
wheels When arm B moves ccunter-clockwise, the
pawl C will force the wheel through e fractional
part of & revolution (say 120 degrees) depending
upen the motion of B, When the arm moves back, the
pewl ¢ will slide over the surface of the retehet
wheel while the wheel remsains at rest because of
the fixed pawl D and will be ready to pull the
sheel on its forward motlion as before. BHut the
motion ispmrted o the wheel is usually so great
that the wheel (A and A') may over-travel; that
is, 1t nay continue to move after the pawl C has
ceased to drive. Ancther pawl ¢ prevents the
forward motion of the wheel Dy touching one tooth
on wheel A'. In this way, when arm P moves
clockwise before pawl C forces the wheel to turn,
pin P (riveted to B) will push G to releass firast,
The sheave i receives power from a pulley
fastensed to the shaft of the outside roller by

8 V=belt., The speed of E is 30 R.P.¥N,.
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Flge 16, Trunsmission of Power to Zasket by
Use of Ratchet Hechanlam




pividers

An in=ide divider and en ocutside divider (Fig. 1,
Koe 5) wmore used., Both were made of sheet lron and were
braced from the maln freame, Hach one projected twelve inches
into the standing crop separating it in advance of the cutter,
The dividing functions are always to gather and direct the
grain et the Inner and outer edge of the swath towsrd the
slckle. :

shoes

The helght of eut was regulated by these two shoes,
Shoes were rgaunod under the cutter bar by two different
bolts, As it was the purposs in thils mschine to effeet a cut
as close to the ground ee possible, for the straw was to be
used later. The adjustment of the helght of the cutter bar
above ground level waa found unnecessary. The shoes msde by
low carben steel are shown in Figure 16,

Eelancing weight

A plece of caest iron casting welighing sbout 50 pounds
(Fig. 1, Ho. 20) was fastened to the handles of the tractor
for balancing. %he balancing welght fecilitated handling,
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Flze 10. Two Steel Shoes




FIELD TRIAIS

Before trials were msde in the rleld, all the parts were
checked for proper sssembly, the bearings wore gressed, and
canvases were tightened and aquared. The experimental mechine
was tested In the laboratory first., The engine waz started
and the hand levers were put on, All the moving perte, sueh
as jaw cluteh, siekle bar, rollers, canvas conveyors, basket,
end reel were set in motion, These lnstiiuted mechanlsms
functioned satisfaetorily. A flield trial wes taken on
Augnst 18, 1948, 1n the oat field on the Experimental Farm
of the Department of Agricultural Englneering. Oats were
considered sz equivalent to riece or wheat in the eonditions
of the sheoring of the stems, Theo date soemed a little later
than the regular hervesting season, The straw was overs
dried, all greins were shelled out, and s lot of weels, sbout
one foot high, greow in the cat fleld,

The cutting mechaniesm operated sacothly for only a fow
minutes, then clogged. A noticesdble slippage of the powere
trensmitting belt over the Vepulley (the pulley festened on
the middle part of the crankshalt) took plesce. After the
belt was adjusted and Sightened the same trouble occcurred at
the second cperation. After inspestion, the cause of slippsge
was found to be, not because the slckle was clogged, but
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because the rollers were wound with the meny weeds, Wost of
the green cut weeds entered under the ganvas conveyor in-
ateel of lying on the swface of 1t and wound sround the
eircumference of the rollers, gradually increasing thelr
size., The rollers could continue to run until the size
inereased to the largest case, The would weods pushed the
canves conveyor out to touch the sheet iron (the bottom

of the pletfern) and csused mueh friction between the sheet
iron andé the canvas conveyor and stopped the moving cone
veyor. The conveyor stopped the roller, ths roller stopped
the transmitting mechanism and the transmitiing mechaniasm
finally stopped the engine, This evidently showed that it
was necesasry to set two boards (Filg. 17) separately under
the two sidez of the upper half of the canvas conveyor to
prevent weeds entering in.

The reel snd basket woried succesafully. Only the
helzht of the besketl seemed too low in position, It was
easy for the outer edge of the basket to touch the ground,
This experiment showed that the basket should be fixed at
such 8 helght that the lowest part will be 2ix inches asbove
the ground.

The helght of shoes under the cutter bar was Just
1deal; the cutter bar was four inches sbove ground level.

A second fleld trisl was sade on September £, 1948 at
the same place. Ko out weeds entered under the canvas



¥ige 17. Two Wooden Bosrds

Flge 18. The Heaper during the Fleld Trial .
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conveyor. After reaping a certain dlstence, the cutter bar,
csnvas conveyors and basket cemsed to work, but the engine
st1l1l ran, The belt slippage existed on the same pulley
which was put on the center pert of the leng crankshaft,

The creaankshaft whilch wae made of steel tubing was supported
by two bearings &t both ends. Although it had adeguate
etrength to transmit the Iimposed torgue, it wes not stiff
enough to resist bending, aAdding a bearing at the center
part of the crankshaft beslide the pulley to resist bending
was necessary.

The third fleld trial was continued on October 18, 1948,
This trial revesled thet the worklng conditions would fule
f1l1l1 the expectations of the design. Only the cut grain
conveyed by the conveyor sculd not drop into the dasket
with even butts end so 1t was not easy to get bundles drop~
ping st equal distances on the ground (Fiz. 18), but this
might be caused by the following reascns:

The oats standing In the fleld were overe-ripened,
shelled out, or light wolght snd of short length (about 16
inches high)., During reaping the cut graln waved becsuse
of the moderate wind and when cut and carried on the con-
veyor to the eleveted position or the inelined plane of the
_outer canves conveyor, it had a great tendency to be blown
off by the wind, It might be better tc use upper and lower
conveyors {ususlly used in binder) Instead of thse outer

»



Hdw

cenveyor of this mechine to transport the cut grein te a
bigher plece and thus repel the effect of the wind,



1.

DISCUSS ION

Some expeclied sstiafmctory festurez of the experie

mental reaper.

in

the ecourse of design of this experimental machine,

the following advantages were expected; that

b.

G

T

De

the 1.8 H.P. David Pradley trsctor would supply
enough power for traction and reaping;

the cutter bar and its driving srraangement would
6o as nice a8 job as that of a mower, binder, or

combine;

the outer canvas conveyor, as well az the elevetors
of grain binder, would elevate the cut grain te e
Fredicted helghts

the basket would definlitely turn at the 120 degrees
angle aftor a certain time Interval;

the four«-inch helght of the shoee would help the
sickles cut the crop at the right placep

only & Jjaw cluteh would control the whole reaper
end sdd sisplicity to the operation of the mechine.
Two uncertain features of the experimental resper:
The device of gathering the eut graln into bundles
of sven butts end heeds,

The device of depositing the bundles of the
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gathered cut grain on the ground st equal spaclage
Suppose that the crop, oats, resped by this mechine,
grew during s normsl harvesting sesson, that it hed the right
helght and welght, then the cut graln sight be gathered Iinto
btundles of even butts and heads, and depoeited by the basket
en the ground st equal spacing. Proper weight and helght
f1tted the designed functlions of the machine and amight over-
gome the weather eondlitions unfavorable for hervest,
3, The capucity of the reasper “
According to the following equution given by B, O,
HeXibben (1830) the capacity of this reaper was § seres.
AwSW e % x3=9
A = sctusl capacity of mechine per day in acres
& s rate of travel in miles per hour
¥ = wldth of mschine In feet
Tals result was comparsble to the performance of grain
binders snd wae certalnly many tlmes that of & hand slickle,
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SUMMARY

1. The purpose of this research was to design & resper
to be used for harvesting rice and wieat under the Chinese
agricultural conditions and that could be drawn by a small
tractor,

2. Only the small tractor used ss the power unit can
meet the neel of small farss in Chlna.

3. About 48 percent of the food supply in Chine is
rice and wheat, There Iz & greater shortsge of labor dure
ing ths harvesting sesscn of rice and wheat than for any eof
the other farming operations,

4, A reaper 1z needed but one has not yet been de-
signed that ean be attsched to any kind of a small tractor,
Se & veaper for this use under Chlnese conditions

must be adle to cut the stalks off sbout three to four
inchesz above the ground kiol, to gathier the eut stalks into
bundles (not in tled bundle) of even butts and heads, and
to deposit them on the land beside the machine et regulsr
intervals,

6. Fleld trials were made to show the satlsfactory
performance of the designed reaper, the work of the reel
of the cutting mechsn lsm, and of the canvas gonveyors for
elevating the sut grain to the top of the basket,
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7. The irregulurity of the droppling of the eut grain
into the baskets cgualing uneven dundles of butts and heads
might have been caused by,

(1) lack of welght in the overeripened eut graln

{2) the wind blowing the over-drled, lisht, cut

grain into disorder.

8, The suggestion Iz msde by the anthor that fwrther
studles in collecting end deponiting the eut mraln into
bundles by the basket shell be made under more faveradle
harvesting conditions.
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