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ABSTRACT

To achieve the target of Lean Manufacturing and J T Production and
reduce the cost, the balance rate was a key factor used to evaluate the
efficiency of aproduction line balancing. At first, the current status of the
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machining line was investigated and simulated, and secondly the
bottleneck steps were found out, then the project for an optimal target
value was laid out. Lastly, a series of standard operating steps were
implemented and the effect until the desire results was achieved. Then
the balance rate was improved. As the simulating result shown, the case
was improved both in productivity and quality, and wasting was reduced

on the aspects of staff, time, equipment and operator.
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INTRODUCTION

Most of manufacturing production linesare multi-
process, streamlined and continuous operation produc-
tion lineswhich had been segmented. Now duetodivi-
sion of labour, the compilication of work had been re-
duced, leadto job proficiency be promoted easily, and
operating efficiency beimprovedfindly.

However, no matter in theory or in practicethe op-
erating timefor each processes can not be exactly the
same, so the phenomenon uneven workload can not be
eliminated. In addition to causing unnecessary | oss of
working hours, but dsoit caused accumulaionof alarge
number of WIP (work in progress). Theworst caseg, it
may |ead to the suspension of production.

Thebalancing production linewas asuch technol -
ogy or method which was used to make each operating
timeasequa possibleasthrough adjusting theworkload
and averaging all the operating processes. It wasthe

most important method in production processdesign
and the operating standardization.

BALANCE RATEOFALINE

If al the processes ware not completed by one
person, then there must be adivision of labor and co-
operation. So averaging the amounts of workload be-
tween thelaborsand the machines can make adirect
impact ontheoverdl efficiency of theentire production
line. To measuretheefficiency of thisproduction pro-
cessthestandardisthe ba ancing ratewhich wasshown
asinfollowing equation:

BR = 2T x 100% ()]
CTxW

Where,

BR- Bdance Ratefor aLine;

T. - Timefor Each Process;

CT - CycleTimeof Operating;
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W - Total Workers (Operators);
And

_ 3600(s)

CT 9 2

Where,
S-Timein seconds (Second):
Q-Output per hour (Quantity).

Operating cycletime CT, acertain period of time
to complete aproduct in the production line, it was
determined by thelongest processtime (Pitch Time) of
the production line. Because no matter how fast the
operating time of other processesit can only be deter-
mined in the Pitch Timeto send aproduct inacycle
time, and the others of the stationsinwhich the operat-
ing timeislessthan the cycletimewill bekeepingto
wait, sotherewill beacertainlossof theworkingtime
and load, the proportion of thetota working hoursoc-
cupied by operatingtimewasbalancing ratio.

Tomeasurethebaanceleve of aproductionline, it
was hecessary to set aquantitativevauetoindicatethe
baancelevd, thevadueisthelinebaancerate (baanc-
ingratio) or balanced | ossrate(Losing Ratio), expressed
asapercentage:

LosingRatio(%) = 1- BalancingR atio(%) 3

Asshownin equation (3), theimba anceindicates
that thewastenot yet bediminatedinamely thelevel of
the operating cost would be greatly increased.

Consderationsof balancing production line;

Congtraintstoimprovebalancing:

For most manufacturing productionlines, thereware
many processes may not be completely controlled with
flexibility, owingtothelimitation of equipment capabili-
ties, the number of employees and the proficiency of
staff, particularly in aspects of the capacities of each
machine. Becausenot al large-scal e equipments can
beincreased or decreased discretionarily, it may in-
volveaninvestment of substantia capita and fixed as-
sets. To solvethisproblem, theaverage production load
method has been used to different productsand differ-
ent processes. Theaverageof all production for differ-
ent productsand processeswill eiminatethefluctua-
tions caused by different loadsand different products,
andit requiresinnovation inthemethodsof makingthe
production plan, such aschanging asingle speciesmass
productioninto amulti-item continuousproduction. The
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implementation of the process needs to be based on
the standard time study.

Surveying production capacity:

Two partsin an engine production line have been
chosen separately, to survey the balancerate about the
capacity of thelineand the WIP of the parts. Theboth
resultsareshownin Figure 1 and Figure 2.

Balanding Ratio of the Product One Line CT
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Figurel: Production balancerate

COwverstock of the Product Two Line
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Figure2: WIP of each process

AsshowninFigurel, thebaancerateof thispart’s
production lineis obviously determined by the cycle
time(CT), thelongest process.

AsshowninFigure 2, although the processtime
not be measured, but in respect of WIP of each pro-
cess, theproduction lineisin unbaancing status.

Expected result of improving linebalancing:

Tofulfill thezero waste and thetarget of thelean
production (LP), the balancing rate reaches 95% was
best. Naturaly, the balance runsup to 95%~100% for
aproduction linewhether it wasdomestic or foreign,
was amost non-existent under the premiseof thedivi-
sion of operating labor. In other hand, from theactua
state of the plant at homeand abroad, when the plant’s
productivity stay at 60%~70%, it wasin thesituation
that without any management and processimprovement,
therewaretremendouswaste of productivity and prob-
lems of efficiency, becauseit showsthat 30% to 40%
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of thelabor hoursdoesnot produceany vaue. And the
bal ancerate stays at 70% to 80% show that manage-
mentinalow leve, problemsof management and tech-
nical exist too; When the value reaches 80%~85%,
showing theproduction management saff hasdonether
business, but someimprovementsstill canbedonein
| E technol ogy; When the val ue exceeds 85%, showing
that the management and | E technol ogy both are at the
relatively high satus.

IMPROVING EXAMPLE OF LINE
BALANCING

Theimprovementsinvolvinginincreasing produc-
tivity, equipment utilization, staff motivationandrationd
machines layout, reducing costs and the work in
progress (WIP) between the processes, to achievethe
purpose of lean production and to minimizethewaste.
Following isareconstruction example of the produc-
tionlineof apart of an auto engine, thelean production
be pushed forward step by step. Obtained that the ef-
ficiency of lean production had beenincreased, mean-
whilethe staff, the equi pment and operating time had
been reduced. It should be noted that thisprocesswas
implemented gradudly, concretestepsware: Steinves-
tigation to get the current state of balance and analyze
tofind out the bottlenecksthat had greatly impacted on
the balancerate, after that theimprovement programs
and objectives should be proposed, then the measures
be carried out and theresultsbe eval uated lastly. Fur-
ther morefrom different anglestoimprove, and ulti-
mately achievethe best results.

As above, there was an example of amass pro-
duction line of akey part of the engine. The balance
method for thisproduction lineisshownin Figure 3.

Balancing Ratio of ths Praduct Thres lize
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Figure3: Surveying production line capacity

Basicprinciplesof improving balance
Adjusting processcontent:

Following thismethod to make the processtime
closeto each other, the content of the bottleneck pro-
cesswill be shared by others processes. the reason of
bottleneck processtaking long cycletime should be
checked at first, whether dueto alowanceistoo big or
other factorsand there exist some adjustment difficul-
ties. Inthe above example, to reduce processing time
theimprovement of the bottleneck processesnamed of
1, 2, 3 should be consideration firstly. Getting addi-
tional equi pment may need alot of money, so reform
on the existing equi pments may be more reasonabl e,
meaking Thespecid equipment becomeuniversa equip-
ment. Of course, complex processesrequire carefully
testing to ensure the suitability of equipment and prod-
uct quality. Thisequipment can be quite doubled twice
meachinesand leaving lessprocessing cycletime. Inad-
dition, the downtime caused by equipment faillureand
thelow quality of workpieces caused by defectiveand
repair products should be also considered, to avoid
schedulede aying and production Stagnating.

Reasonableload for personne and equipment:

To reduce the operators, as long as output per
capitaisincreased equalstoincreasethebalancerate,
and lower cost per part. By meansof an accuratein-
vestigation of the capacity of personnel and equipment
to make surethat the redistribution of thework isrea-
sonableand tominimize people’sla suretimeand equip-
ment so asto improveefficiency, sotheaimisto make
the process with reasonable load of personnel and

equipment.
Analysisof loads:

Theload analysisabout spare capacity includesthe
following threeaspects, the machine spare capacity and
the operator spare capacity aswell asdeterminingthe
number of operating machines by an operator.

To calculate how many machines can be operated
simultaneously by an operator can be seen asfollow-
ingy

T+M
N=—70 4
Where,
N : Number of operating the machinesby an operator;
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T: Timerequired manua of operating machine;
(Including walking time between the machines) ;
M : Machining effectively timeto finishthe process.
Accordingtotheinitia dataof the effectivework
timesincluding themachiningtimeto finishand theop-
erator timerequired for operating amachine, where
only cong der thetimerequired for machineloadingand
unloadingthework pieces After aweek smulationtime,
the WITNESS simulation results are presented in
TABLE 1. Theweek output volumeisbased on two
dhifts

TABLE 1: SIMULATION RESULTS FOR MACHINE LOAD

No. Busy(%) Idle (%) Setup(% ) Output M(Min) T (Setup)

01 1376 15.83 5.22 619 1.00 0.38
02 8381 1137 4.83 517 7.29 0.42
03 29.64 6463 5.73 516 258 0.50
04 53.03 4033 6.64 516 4.63 0.58
05 2408 7169 4.23 515 210 0.37
06 7.67 8753 4.8 515 0.67 0.42
07 1453 7884 6.62 515 127 0.58
08 2483 7025 4.91 515 217 0.43
09 2766 5955 1279 514 242 112
10 571 89.5 4.79 514  0.50 0.42
11 1576 7542 8.89 514 1.38 0.78

Caculating Balance Rate: Calculation of the balance rate is
bas

It can beseenfromthesmulationresultsinTABLE
1. Thebiggest load of the machinesisup to 83.81%
and theminimumisonly 5.71%, whichindicatesawagte
of resourceswithin aweek simulating time based on
two shifts condition had been happened.

Caculating balancer ate:

Calculation of the balancerateisbased on the case
inwhichal dataarefromthered line.

Scenario 1: BaanceRate Whenimproving process
time of the bottleneck from 900s down to 640s by ad-
justing the process content:

CT— 900s—A24uting 3 5405

No»26=1"M

W15

T
BR Lxloo)@:Locs

= x 100% =53%
CTxW 640sx 15

Scenario 2: Balance Rate When changing the spe-
cia machineinto amix-products machine:

Mix—M achine

CT - 900s————— > 450s

No22=1*M

W =19

T
BR =Lx 100% =ﬂ
CTxW 450sx 19

x 100% = 70%

Scenario 3: Comprehensive Bdance Rate:

CT — 640s—Smprehens ve_, 390
T+M

N> 21= W — 20
T
BR =Lx 100% =ﬂx 100% = 93%
CT xW 320sx 20

Insummary, theba ancerate of thelineisimproved
from 53% to 93% by adjusting the process content
such asdlimination, combination, rearrangement, Sm-
plification.

Developing oper ating standards:

A standard operation consists of three elements:
the standard operating cycletime; thework order of
manua inastandard operating cycle; the standard num-
ber of WIP.

A comprehensiveresult that integrated the“Stan-
dard Operating” and the “Operating Instructions” is
shown asin Figure 4, which isacombination of the
figuresand tabul ates.
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Figure4: Integrating guideof a standard operation
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A smulation mode about the production unit was
established by usng the WITNESS, asimulation soft-
waretool. Inputting the processdataasgivenin Figure
4tothemode and running and observing the model,
the operator workload of the process can beshown as
inFigures.
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Figure5: Simulation model of a production unit

Asthemodd simulation results, theoperators’ loads
availablewereshownasin TABLE 2.

TABLE 2: SMULATION RESULTS FOR OPERATOR WORKLOAD

Name Opel Oper2 Oper3 Oped Opeb
Busy(%) 7893 3197 3384 338 4313
Ide(%) 21.07 68.03 66.16 66.2 56.87

TABLE 2 showsthat there was spare capacity to
reduce the number of staff. Standardized operations
will enablethe operator to reach ahigher percentage of
effectiveness.

CONCLUSION

In ba ancing the production line, themore of pro-
cess operation contents, the harder of adjustment to,
so accordingtoainitia balanced situation, the process
smplifiedisthefirst step. Thenext directionisto pay
attentiontoimprove staff capacity, and reach gradually
people can be moreenthusiasm, and finally theforma:
tion of standardized operationswill bemade. Thework
to bemore chdlengesandrelatively complex taskswill
let the operators to be stronger motivation. For the
operation of traditiond plant, thesmulationresultshave
shown that improvement methods mentionedinthisar-
ticle easy to improvethe personnel and equipment as
wel| astheefficiency of productionline.
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