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Abstract mills are able to accept chopped cane. 

In the past three years several locally developed whole stalk 
harvesters and imported chopper harvesters have come into 
use in many areas of the South African sugar industry. The 
Experiment Station therefore conducted time and motion 
studies during the past two seasons to assess the performance 
of these harvesters while operating under local field and crop 
conditions. 

The results of these studies show that harvester outputs vary 
considerably. The primary field, crop and management fac- 
tors affccting both whole stalk and chopped cane harvester 
performances are discussed. Sonic of the more important 
issues that potential users of harvesting machines need to 
bear in mind, when endeavouring to dcrivc optlmum usc 
from thei r machines, are highlightcd. Future research 
requirements are also proposed. 
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During thc past three years, sevcral locally developed whole 
stalk harvesters and imported chopper harvesters have come 
into usc in many areas or the South African sugar industry. 
Thc Experiment Station (SASEX) therefore conducted time 
and motion studies during the1997 and 1998 seasons to 
establish firstly, their performancc under varying conditions 
and secondly, to determine the main factors affecting their 
perlhrmance and to identilji future research requirements for 
the harvesting of sugarcane mechanically. 

Method 

"Time s~udy is the basic technique of work measurement 
since i t  is concerned with the direct observation of work 
while i t  is performed." (Curry, 1963). Dircct time study is 
bcst suited for repetitive operations such as ploughing, har- 
rowing, sugarcanc loading, transport and harvesting (Meyer 
and Worlock, 1982). 

Introduction Thc technique used to study the various elements involved in  
the mechanical harvesting operations is thc cumulative tim- 

In South Africa sugarcanc is grown under a wide range of ing me[hod. Time is recorded at the start and end of each 
conditions. These vary from stccp to flat terrain, 0,9 to 1,5 m elemcnt on a specially drawn up time study sheet (Table I), 
row spacing, 12 Lo 24 month cutting cycles and cultivation using the lap recording facility colnmonly found on stop- 
under dryland to flood and ovcrhead sprinkler irrigation watches. A typical field tilnc stucly sheet used for mechanical 
regimes. To affect the situation even more, only some harvesting operations is shown in  Table 1 .  

Table 1. Example of field time study sheet. 

Date: 12/6/98 I Machine: Whole stalk I Location: North Coast 

Field No: 1024 
Cane variety: NCo376 
Cane yield: 100 tons 

Time 
Minutes 1 Seconds 

Crop condition: Erect 
Row spacing: 1,2 m 
Row length: 150 m 

4 

Code No:l Harvesting Code No:3 Waiting for trailers Code No5 
Code No:2 Turning Code No:4 Downtime Code No:6 

Soil type: Middle Ecca 
Soil condition: Dry 
Slope: 6% 

E Q ,  59 Minutes l Seconds 

Remarks 

2 
1 
2 
1 

Start  
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8 

Code 

34 1 Topper jam 
1 

i l 

7 
5 
3 
2 
0 

Time 

8 
3 1 
4 8 
34 
2 0 
00 

Remarks 

2 5 
Steep bank 

Continue 

1 
2 
1 
2 

4 8 1 No trailers 4 2 3 
2 3 
14  
1 3  
11 
9 

2 4 
5 6 
3 5 
1 5  
5 9 



Soine mensL~rernerits of mechcrilical slrga~cclne harvester perforinnnce 

Table 2. Typical bundle harvester time and motion output data. 

In addition to the data shown in Table 1 ,  field and crop con- 
ditions pertaining to each study as well as some general com- 
ments observed during thc study were also recorded. Data 
recorded in thc field are entered into a computer spreadsheet 
(Lotus 1-2-3 or MS Excel) to cxtract the total time and per- 
cent time for cach element as depicted in Table 2. 

The field perlbrmance of the individual harvesters is evalu- 
ated using the information shown in Table 2, together with 
the data collected i n  the field, such as row spacing, row 
length and cane yield. 

Code 

1 
2 
3 
4 

Total 

Results and discussion 

No of 
observations 

5 
5 
2 
1 

l 

A total of 14 studies on two makes of locally dcvcloped bun- 
dlc harvesters and l3  studies on three makcs of chopper har- 
vesters were undertaken. All the studies with the cxccption 
of two were conducted in burnt cane. In the case of the bun- 
dle harvester studies the cane was gcncrally erect, whereas 
for the chopper harvester studies the degree of lodging 
ranged from 0 to over 90%. Summaries of the bundle and 

Average per 
observation (min) 

4,04 
2,27 
4,14 
13,92 

Total 
time 
22,02 
11,37 
8,28 
13,92 
55,58 

i n  motion and is affected by the speed of thc harvester and 
cane and field conditions. This rate is calculated by divid- 
ing the cane tonnage harvested during the study period by 
the cutting timc only. 
Harvestirzg rate: 
This represents the harvesting rate including all delays 
due to turning and waiting for transport. Harvesting rate 
is calculated by dividing the cane tonnage harvested dur- 
ing the study period by the total stucly time. 
Potential harvesting rate: 
This represents the harvesting ratc, assuming no delays 

?40 
time 
39,61 
20,451 
14,90 
25,04 

100,OO 

for transport. The potential harvesting rate is calculated 
by dividing the cane tonnage harvested during the study 
period by the harvestinglcutting time plus the turning 
tll l lC. 

Field efficiency: 
This is the harvestinglcutting time expressed as a per- 
centage ol' the total study time. 
The timc taken for the machinery to travel to and from the 
fields is excludcd from the time and motion studies. 

chopper harvester performances, ranked according to poten- As can bc seen in Tables 3 and 4, thc performances or the 
tial harvesting rate (t/h), are glven i n  Tablcs 3 and 4 respec- two typcs of harvesters vary considerably. The actual har- 
tively. vesting rates achieved during timc and motion studies 

ranged between 7,7 and 39,8 t/h for the bundle harvesters 
Note: and between 25,l (green cane) and 5 1,8 t/h for the chopper 

Instantaneous harvesting and pour rate: harvestet-S. In the casc of the whole stalk bundle type har- 
This represents the harvesting rate while the harvester is vcstcr, potcntial halvesting ratcs vary between 11,7 and 40,4 

Table 3. Summary of bundle harvester performances. 

Harvester 
I AV turn Hours I Inst. 

Inst. - instantaneous Eff. - efficiency Pot. - potential 

No: 
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speed 
(km/h) 

time /ha 
(m i n) l 

harvest 
rate (t/h) 

% rate (t/h) rate (t/h) ~ 



Tahle 4 .  Summary of chopper harvester performances. 

* Green cane 

t/h, whilc for the chopper harvcstcrs potential harvesting 
rates vary bctween 39,9 and 68,l t/h. Thc studies show that 
average harvesting rates of the bundlc type harvesters and 
chopper harvcstcrs arc about 22 t/h and 37 t/h respectively. 
These results are not unexpected bearing in mind the rangc 
of ~nachincs, crop and field conditions and operator profi- 
ciencies. 

Carc must be takcn when interpreting the time and motion 
results. For example, when comparing thc results obtained in  
Study 2 with thosc obtained in Study 6 in  Table 4, the actu- 
al and potential outpuls arc I'airly similar but field cN'icien- 
cics are vastly difl'crcnt. The main reason l'or thc low field 
efficiency i n  Study 2 was the amount of time the harvcstcr 
spent waiting Ihr the inl'icld transport. 

It must bc noted that during thesc studies no attempt what- 
soever was made to assess thc quality of work perhrmcd by 
the various machines. 'The main purpose of the studies was 
to establish thc pcrforrnancc range fol- each type of machine. 

FACTORS AFFECTING HARVESTER 
PERFORMANCE 

There arc numerous factors affecting harvestcr pcrfortt~anc- 
cs (Meyer, 1997). Thc most important field and crop rclatcd 
factors include: 

Terrain (steep versus Ilat) 
Soil type anct moisture level 
Cane variety (br~ttle, loose leafed) 
Cane yicld 
Cunc condition (grecn or burnt and crect or recumbent) 
Field condition (field layout, row spacing. row length, 
headland space, rocks) 
Transport haulout distance 
Numbcr and capacity of infield transport 
Operator proficiency 
Machine condition and setting. 

All the abovc lhctors will impact on thc harvester's overall 
perlbrmancc undcr thc following headings: 

Harvesting time 
Turning time 

Downtimc. 

Harvesting time 
Catle cntlrlitio~l: 
It should be noted that i n  thc case of the whole stalk bundling 
harvestcrs none 01' thc studies was conducted i n  high yield- 
ing fields, spl-awled or lodgcd canc. This is because these 
machines often cannot operate cffcctively under such condi- 
tions. Fur-[het-more, these niachincs can only harvest a single 
row of cane per pass and wcrc not designed to harvest green 
c;IIlC. 

On thc other hand, the choppcr harvesters can operate both 
i n  burnt ;~nd grcen cane, although thc potential output in 
grecn cane is reduccd by as much as 30-40% (Table 4, 
Studies 6 and 10). Ful-thermorc, some of thesc machines are 
able to harvcsl two rows pcr pass and chopper harvesters are 
able to opcratc cl'fcclivcly in  heavily lodged cane. 

Opernting speed: 
Many oi'the abovementioned l'actors will influcncc harvester 
lhrward specd. Machines operating in heavily lodged green 
cane will certainly not have thc sarnc output as those work- 
ing i n  crcct burnt cane conditions. Thc results show that bun- 
dlc harvotcr fhrward speeds ranged bctwccn 1,99 and 6,07 
km/h in  burnt canc. whilc choppcr harvester forward speeds 
ranged I'rorn 2,75 to 7.15 km/h. Slope and I'ield smoothness, 
especially thc ~ntct-row, will also af'l'ec~ harvesting forward 
speed. 

Turning time 
Hetrtllar1~1.s: 
As can bc judged from Tables 3 and 4, the turning time can 
account Ihr a large proportion of total time for both bundlc 
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and chopper harvesters. In thc case 01' the bundle type har- 
vester, turning time is mainly dependent, othcr than w~dtli 
and condition of the headland, on machine length and the 
machine's general manocuvrab~lity. 

In many cases, the chopper harvester requires considerably 
less time to turn than thc infield transport, unless spccialised 
transport vehicles al-e used. Generally, as far as chopper har- 
vesting is concerned, the larger thc capacity and the longer 
thc infield transport, and thc nan-owcr and rougher the head- 
land, the longer the turning time which can be expected. 

Row spacirlg: 
Row spacing and row length have a marked effect on over- 
all mcchanical harvester pcrbrmancc and this must be taken 
into account when estimating the daily and annual tonnage to 
be handled by the harvesting machinery. It has been clcarly 
demonstrated that these two I'actors alonc play a significant 
role i n  detel-mining optimurn machinery performancc 
(Meyer, 1998). 

Downtime 
Waititlg,fnr trailers: 
Thc number of infield haulage vehicles and their payload 
capacity as well as the haulout distancc have an effect on 
harvester output (Ridge and Dick, 1985; Mcycr, 1998). The 
effect of waiting fol- infield tl-ansport on harvester perform- 
ance is clearly shown in Tablc 4, Studies 5 and 9. In Study 9, 
5'2% of total time was spent waiting For infield transport 
compared with 38% Ihr Study S. Thus while the potential 
harvesting I-ate for Study 9 was 68 t/h vcrsus 59 t/h Ihr Study 
5, the actual hawesting rate was lower. 

0pet.cltor~: 
A well trained operator will operate his machlne at maxi- 
mum efficiency without over-stressing any part of i t .  
Furthermore, thc usc of a skilled operator will ensure lowcr 
maintc~~ance and I-epair costs and Improve macliinc rcliabil- 
ity, which would normally result in  reduced overall harvcst- 
ing costs. 

Machine condition and setting 
The operating condition ~ ~ n d  adjustment of the liarvestcr will 
affect its ovcrall pcrlhrmancc (dc Beer and Boevey, 1977). 
An example of this can be seen i n  Tablc 3, Stud~es No 7 and 
10 whel-e a poorly maintained or adjusted convcyor cha~n 
and topper rcsulted i n  over 80% and 50%) downtime respec- 
tively. 

Conclusions 

Time and motion studies arc an established method of 
assessing machinery performances. It has been shown that 
time studies can be used to predict actual field pcrl'ormancc 
to within 20% accuracy (Murray and Meyer, 1982). Time 
and motion study results are useful measurements for setting 
perl'ormancc standards l'or n wide range of farming opera- 
tions ;LI~CI  1'0s nic~Ii;~llis;~tion planning cxcrciscs. 

Although only a limited nutnber ol'timc and motion studies 
were conducted on each type ol' canc harvester, the results 
ncvcrthclcss can hc used as a uscl'ul guide l'or planning pur- 
poses. The results show that I'or wliolc stalk bundling har- 
vesters the average actual harvesting ratc is 22 t/h and, under 
reasonablc l'icld and crop conditions, one could expect to 
achicvc bctwccn 20 and 30 t/h. In the case of chopper har- 
vesters. the nveragc actual harvcsting rate is 37 t/h and undcr 
reasonable f'ield and crop conditions one could expect to 
achicvc bctwccrl 30 and 45 [/h. 

Existing and potential users of mechanical harvcsting 
machinery will have to pay special attention to their land 
preparation operations, field layout designs, drainage and 
in-igation systems as well as cane transport systems to ensure 
high machinery outputs, cfficicncics and acceptable operat- 
ing costs. 

Future research should include the role sugarcane varieties 
play as well as measurement of cane and harvesting losses 
associated with mechanical harvesting. Rcscarch should also 
incluclc the cfkct that mechanical harvesting has on issucs 
S L I C ~ I  as soil compaction and irrigation system designs. In 
adclition. time and motion studics on harvesting machines 
operating o n  sloping terrain nccd to bc carried out. 
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