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Abstract

Automated Differential Mukgauging system is a very complicated and critical tool to measure some
casting andmachining parts. Hypoid pinion assembly has two taper rollers bearing with assembly
play or gap. The differential assembly checking will be on three stages as P is housing and Q is
hypoid pinion and the gap between both parts. The differential -gadtjirg system needs to
evaluate and analyse these critical parameters firmly is very important. So, after manufacturing and
assembly of these automated differential rgatiging system analysis confirmed by Gauge
repeatability and reproducibility i.e. GRR. Ftire GRR method, we can take multiple experiments on
the machine as many trials with the different number of parts and operator then that data will be
analysed through this method. After analysing the result and accuracy of the measurement system b
repeatbility trials. The GRR results will be below 10 % is required then and then the only gauging
system is Acceptable. The GRR will generate proper graphs and report which shows hew multi
gauging system will ready to take thousands of parts checking acguaatdl precisely in the
industry. This research will help anyone to how to analyse and evaluate thegauging system

result through GRR.
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1. Introduction

GaugeR&R is usedto understandhe actualreadingsin the part, gauge,multi-gauge,and
gauging system changesparametervalue in measurementsRepeatability shows measurement
readingsgeneratedoy one operatorusing one gauge.Reproducibility showsthe deviation of the
parameterue to multiple operatorsusing the samegauge.Partto-part variation, repeatability,and
reproducibilityarethe 3 differenttypesof sourcevariation.Partto-partvariationis the rangeof parts
by consideringmanufacturingcircumstancesRepeatabilityhas deviation changesbecauseof the
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gaugeassemblyitself, while reproducibility is the inequality becauseof different workersusingthe
gauge Repeatabilityandreproducibilitybothareknown as"Gaugingerror” andaresaidas"GAUGE
R & R & gaugeR&R studywill let usknow thatif the gaugingsystemis acceptabldor its intended
use. Gaugerepeatabilityand reproducibility (GRR) study is a representativeneasuremensystem
analysis(MSA) tool. Two factorsdeterminethe adequay of a measuremergystem:accuracysuch
as bias, linearity, stability, and correlation,and precisionsuch as repeatabilityand reproducibility.
The main concernof the GRR is that a measuremensystemhas enoughprecisionto measurethe
variationof the manufacturegbroductsor the manufacturingorocessinderconsideration[1]

StatisticalProcesControl (SPC)is a very powerful collection of problemsolving tools that
arewidely usedfor monitoringandimproving the processThe purposeof measuremestis to track
the process.For this reason,SPC methodsuse a measuremenprocessto control the process.
Consequently,the quality of the measuremenfprocessinfluences the quality of the process
improvementctions 2]

DMAIC methodologyis usedfor partquality or processjuality improvementn the industry.
This processincludes dynamic data collection which is primarily basedon part dimensional
measurementdMSA is a set of techniquesthat allows us to assesghe reliability, repeatability,
accuracyof the MeasuremenBystemlt is a setof experimentshatmainly focusesonidentifying the
variationandconsiderghe procesf obtainingdataandtheinstrumentsit evaluateshetestprocess,
measuringequipmentandthe overall processof obtainingmeasurements ensurethe reliability of
datausedfor analysisandto understandhe effects,andto takethe decisiongelatedto the same The
gaugestudy proveswhich partof the MeasuremenSystemis contributingthe mostto the instability
of the measurements.MeasurementSystems have variation from three major sources: The
componentthe operatortaking measurementg&ndthe deviceused.In a good measuremengystem,
onemustexpectto calculatealmostcompletelythe variationin the productsonly. If the operatorsaand
devicescreatemost of the variation, it showsthat the systemis not valid. Hence Measurement
SystemAnalysistakesinto all the critical parameterdike linearity, bias, stability, and GRR studies
which help in determiningthe performanceof the MeasuremenSystem.This researchfocuseson
performingthe GRRstudyonthei n d u sneasyrenergystem]3]

The main purposeof a GR&R study is to determinehow much of the total observed
variability is dueto the gauge(or instrument)sothatthe capabilityof the gaugecanbe assessed he
total observedneasuremer(ix) canbedefinedby Eq.1.

w= oProduct+ - ()
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Where X productis the true value of the measuremerdind- is the measuremengrror. The
varianceof thetotal observedmeasuremertt, 2 Total) is definedby Eq.2if x and- arenormallyand
independentlydistributedrandomvariableswith meansp and 0 and variances, 2 Productand ,, 2
Gaugerespectively.

» 2 Total=, 2 Product+ ,, 2 Gauge

Total variability includes both product variability and gauge variability. The product
variability is the actualvariationbetweenpartsproducedby the processit is alsocalledthe partto-
partvariability. The varianceof the measuremengrror (or the deviationof the gauge)is definedby
two componentsrepeatability(deviationdue to the gaugeitself) and the reproducibility (deviation
dueto the operatorspf thegaugeasin EQ.3.

» 2 MeasuremeniError =, 2 Gauge=,, 2 Repeatability+ ,, 2 Reproducibility

Theexperimenusedto measurghesetwo componentss usuallycalleda GR&R study.[4]

2. Concept, Design and Manufacturing System

The threestage checking system concept is created. In which Housing, hgpadh, and
Shim thickness (Gap Measurement) concept is created considering the load and force also the
position and orientation of the part by which we will get exact and accurate values. The gear housing
is a concept created considering one main locatdrsliding plate, sliding plate will move forward
and reverse for loading position and gauging position. The main indirect gauging mechanism is used
is springloaded assembly to measure the distance from one bearing to another bearing as shown ir
Fig la.For hypoid pinion checking concept locator and mechanical clamp used. The indirect spring
mechanism is used in hypoid pinion gauging assembly as shown in Fig 1b. The shim station will be
measured exact shim size as our gap is generated. Shim stationemeassgoncept consists of one
pneumatic cylinder, plunger anvil, and base plate on which shim will be placed as per we will
measure the exact size of shim as shown in Fig 1c. After concept creation and concept finalization
model design was created. For rathtig considered one as to one manufacturing consideration and
production requirement also the physical requirement of the system. The main requirement is the
production of such a critical system with required tolerances and surface quality as pelichgapp

of a multigauging system. The overall manufacturing system is shown in Fig 2.
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Figure 1(a) Concept Creation for Gear Housing Figure 1(b) Concept Creation for Hypoid Pinion
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Table 1- Measuring parameter value with tolerance as per component
Sr. No. | Gauging System Measuring Value

1 Gear Housing Part 1 | 93.16 + 0.050
Gear Housing Part 2| 93.25 + 0.050

2 Hypoid Pinion 89.890 + 0.050

3 Shim Station 3.2,3.4,3.6,3.8, 4.0, 4.
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Figure 2- Model of Automated Differential MukGauging System

3. Experimentation

Table 2- Repeatability Trials for P, Q and Shim Station

Sr.No.|iPo Di|lAiQo Di|ASHI Mo DO
1 93.574 89.893 3.681
2 93.575 89.894 3.683
3 93.573 89.894 3.682
4 93.574 89.892 3.681
5 93.572 89.894 3.681
6 93.574 89.896 3.680
7 93.574 89.894 3.681
8 93.573 89.894 3.682
9 93.574 89.895 3.683
10 93.574 89.894 3.681
Diff. 0.003 0.004 0.004

For the GRRmeasurement experiment run number of trials on every assembly system stage.
For repeatability trials, we generate the number of trial data for understanding theaugltg
system result. First, take 10 trials of every parameter as shown in Table 2.

For GRR gauge repeatability and reproducibility result as analysed by two methods as 1.
Average and Range method and 2. Analysis of Variance (ANOVA). But ANOVA has multiple stages

and submethods to analysed data as per parameter, level of factor, and reicgnthe system.

ISSN: 22370722 1762
Vol. 11 No. 4 (2021)
Received: 24.05.2021L Accepted: 21.06.2021



But in our case, we analysed our result by AIAG method (Average and Range method.) for Average

and Range method requirement are three operators and 10 number of trials by each operator for ever

system. As our automated differential nngaug n g

disamnce

measur ementa,

system has

t hr efei md at
S&nidmfdo rs ytsht ee mi Rvée, muQ@ t

t ake

for each operator, and one part or component have 3 trialshieve exact and accurate GRRult

In our differential multigaugingsystem has three operators as Prasad, Amit, and Nishant for GRR

number of trials. V¥ are taking down every value with tolerance forrgwgerator. As shown in
below Table 3.

Table3 - Repeatability Trials e adi ngs

for

Station

St at i eGearéusing

Gauge Least Coun| 0.010 MM | Specifications] 93.200/92.90(

APo (Gear H

OPERATOR: | PRASAD

TRIAL | 1 2 3 4 5 6 7 8 9 10 AVERAGE

1 93.574| 93.907| 93.844| 93.795| 93.835| 93.754| 93.652| 93.808| 93.622| 93.687

2 93.570| 93.907| 93.840| 93.796| 93.842| 93.754| 93.654| 93.808| 93.622| 93.690

3 93.574| 93.909| 93.840| 93.792| 93.842| 93.750| 93.650| 93.809| 93.621| 93.689

Avg. 93.573| 93.908| 93.841| 93.794| 93.840| 93.753| 93.652| 93.808| 93.622| 93.689| Xa = 93.748

Range | 0.004 | 0.002 | 0.004 | 0.004 | 0.007 | 0.004 | 0.004 | 0.001 | 0.001 | 0.003 | Ra =0.003
OPERATOR: | AMIT

1 93.574| 93.907| 93.844| 93.792| 93.835| 93.754| 93.650| 93.808| 93.622| 93.689

2 93.574| 93.909| 93.844| 93.796| 93.842| 93.750| 93.654| 93.808| 93.621| 93.690

3 93.570| 93.909| 93.840| 93.795| 93.840| 93.750| 93.654| 93.809| 93.621| 93.689

Avg. 93.573| 93.908| 93.841| 93.794| 93.840| 93.751| 93.652| 93.808| 93.622| 93.689| Xb = 93.748

Range | 0.004 | 0.002 | 0.004 | 0.004 | 0.007 | 0.004 | 0.004 | 0.001 | 0.001 | 0.003 | Rb=0.003
OPERATOR: | NISHANT

1 93.574| 93.909| 93.844| 93.796| 93.842| 93.750| 93.650| 93.808| 93.621| 93.687

2 93.570( 93.907| 93.840| 93.796| 93.842| 93.754| 93.654| 93.808| 93.622| 93.690

3 93.570( 93.909| 93.844| 93.792| 93.835| 93.754| 93.652| 93.809| 93.621| 93.690

Avg. 93.573| 93.908| 93.841| 93.794| 93.840| 93.751| 93.652| 93.808| 93.622| 93.689| Xc = 93.748

Range | 0.004 | 0.002 | 0.004 | 0.004 | 0.007 | 0.004 | 0.004 | 0.001 | 0.001 | 0.003 | Rc=0.003

As the gear, housing end play from 0.1 to 0.5 mm in overall assembly, the Gear hangag

for measurement is 93.200 to 92.900. Our least count of tolerance is 0.010 mm or 10 microns. For

hypoid pinion measurement, it is a single solid part, so the required measurement range is 89.89C

with the tolerance of +0.05@nd-0.050- micron value As shown in below Table 4.
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Table4-Repeatability Trials readings for Stati ol
St at i okypoid@®idion
Gauge Least Coun| 0.010 MM | Specifications] 89.890 (+0.0500.050)

OPERATOR: | PRASAD |
TRIAL | 1 2 3 4 5 6 7 8 9 10 AVERAGE
1 89.894| 89.914| 90.049| 89.873| 89.877| 89.814| 89.860| 89.855| 89.869| 89.850
2 89.895| 89.919| 90.048| 89.876| 89.879| 89.817| 89.856| 89.856| 89.867| 89.851
3 89.894| 89.913| 90.048| 89.879| 89.879| 89.818| 89.856| 89.849| 89.867| 89.851
Avg. 89.894| 89.915| 90.048| 89.876| 89.878| 89.816| 89.857| 89.853| 89.868| 89.851| Xa= | 89.886
Range | 0.001 | 0.006 | 0.001 | 0.006 | 0.002 | 0.004 | 0.004 | 0.007 | 0.002 | 0.001 | Ra=| 0.003

OPERATOR: | AMIT
1 89.894| 89.913| 90.049| 89.873| 89.877| 89.814| 89.860| 89.855| 89.867| 89.850
2 89.895| 89.919| 90.049| 89.879| 89.878| 89.817| 89.856| 89.856| 89.869| 89.851
3 89.895| 89.913| 90.048| 89.879| 89.879| 89.818| 89.860| 89.849| 89.867| 89.851
Avg. 89.894| 89.915| 90.048| 89.876| 89.878| 89.816| 89.857| 89.853| 89.868| 89.851| Xb= | 89.886
Range | 0.001 | 0.006 | 0.001 | 0.006 | 0.002 | 0.004 | 0.004 | 0.007 | 0.002 | 0.001 | Rb=| 0.003

OPERATOR: | NISHANT
1 89.894| 89.913| 90.049| 89.873| 89.879| 89.814| 89.860| 89.855| 89.869| 89.850
2 89.894| 89.919| 90.048| 89.873| 89.879| 89.817| 89.860| 89.856| 89.869| 89.851
3 89.895| 89.914| 90.049| 89.879| 89.877| 89.818| 89.856| 89.849| 89.867| 89.851
Avg. 89.894| 89.915| 90.048| 89.876| 89.878| 89.816| 89.857| 89.853| 89.868| 89.851| Xc= | 89.886
Range | 0.001 | 0.006 | 0.001 | 0.006 | 0.002 | 0.004 | 0.004 | 0.007 | 0.002 | 0.001 | Rc=| 0.003

The formula forthe gap or Shim value measurement is,

Gap Measurement = Gear THgpoidgPVaioae V&t ate

For example,

Gap Measurement = 93.20@9.890 = 3.31 mm
So, 3.31 mm is the exact gap between gear housing and hypoid pinioegutirement is to

maintain 0.1 t®.5 end play in the overall differential assembly.

So, Exact Shim required = Exact gapndplay

Exact Shim required = 3.310.1 = 3.21 is required shim value.

Now check Shim availability as per range,
So, we have a St range from 3.2, 3.4, 3.6, 3.8, 4.0, and 4.2.v@ohave the availability of
3.2 Shim near to the exact shim required value. So, we pick 3.2 shims and measure the value of tha

shim to place that shim in this combination of differential assembly. The shxan will be displayed

on the System screen as per the above calculation and then the operator picks the required shim fror

the shim rack. Table 5 shows the shim values and repeatability values.
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4. Results and Discussion

Table 5- Repeatability Trials readings f&t at i on fAShi md (Spacer Distal
St at i on-Sipa&hDbismaoce
Gauge Least Coun| 0.010 MM | Specifications] 4.20 TO 3.20
OPERATOR:| PRASAD |
TRIAL [ 1 2 3 4 6 7 8 9 10 AVERAGE
1 3.481| 3.810| 3.599| 3.800| 3.805| 3.801| 3.795| 3.803| 3.605| 3.602
2 3.482| 3.806| 3.599| 3.802| 3.807| 3.804| 3.799| 3.802| 3.608| 3.602
3 3.481| 3.805| 3.601| 3.801| 3.807| 3.802| 3.799| 3.801| 3.605| 3.604
Avg. 3.481| 3.807| 3.600| 3.801| 3.806| 3.802| 3.798| 3.802| 3.606| 3.603| Xa=| 3.711
Range | 0.002| 0.005| 0.002| 0.002| 0.002| 0.003| 0.004| 0.002| 0.003| 0.002| Ra= | 0.003
OPERATOR:| AMIT
1 3.482| 3.804| 3.600| 3.804| 3.807| 3.803| 3.799| 3.800| 3.606| 3.601
2 3.481| 3.810| 3.604| 3.807| 3.805| 3.803| 3.798| 3.802| 3.603| 3.607
3 3.483| 3.807| 3.602| 3.807| 3.807| 3.800| 3.795| 3.801| 3.605| 3.604
Avg. 3.482| 3.807| 3.602| 3.806| 3.806| 3.802| 3.797| 3.801| 3.605| 3.604| Xb=| 3.711
Range | 0.003| 0.006| 0.004| 0.003| 0.002| 0.003| 0.004| 0.002| 0.003| 0.006| Rb=| 0.003
OPERATOR:| NISHANT
1 3.483| 3.810| 3.602| 3.802| 3.806| 3.802| 3.793| 3.804| 3.608| 3.604
2 3.481| 3.807| 3.600| 3.802| 3.807| 3.803| 3.799| 3.800| 3.608| 3.604
3 3.481| 3.804| 3.602| 3.800| 3.805| 3.801| 3.796| 3.800| 3.605| 3.602
Avg. 3.548| 3.807| 3.601| 3.801| 3.806| 3.802| 3.796| 3.801| 3.607| 3.603| Xc= | 3.717
Range | 0.003| 0.006| 0.002| 0.002| 0.002| 0.003| 0.006| 0.004| 0.003| 0.002| Rc= | 0.003

For the GRR result analysis requirement is % GRR is less than 10 %, then the gauging system

is acceptable. As shown in below figure 3, component variance method calculation shows Part
variation is100 % and % GRR is 1.9 % as the AIAG method.

Figure 3- GRR Result Calculation by Component Variance Method and AIAG Method for Gear Housing

Component

MoreSteam Recommended Alternative » Variance Method

% of Total Variation

AIAG Method

% of Total Variation

% of Tolerance

REPEATABILITY - EQUIPMENT YARIATION (EY)
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EV=__ | 0.0019689 %EV = 0.0%| | [%EV = 19%| [%EV = 1.2%
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AV = 0 %AV = 0.0%] | [%AV = 0.0%| [%AV = 0.0%
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[_GRR=__ [ 0.0019689 | [ %GRR = 0.0%| | [%GRR = 1.9%| [%GRR = 1.2%|
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PV= 0.1056254 %PV=__ 100.0%| | [%PV_= 100.0%| [%PV_= 63.4%
T =100% T <=> 100%
TOTAL YARIATION (T¥)
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[_Tv=
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Figure 4(a) Interpretation of results by Figure 4(b)- Interpretation of results by AIAG
Component Variance method for gear housing method for gear housing

Fig 4 shows the system is acceptable as per the GRR result calculation and remarks the
measurement system is acceptable for gear housing. The same results we will observe for hypoic
pinion and shim station in Fig 7 and Fig 9. Graph and charts show the variation of appraiser bias and
consistency, average result, and range results in the measurement system for gear housing as shov

in Fig 5.Similar results will be observed for hypoithpn and shim station in Fig 8 and Fig 11.

Figure 5(a) Gear Housing Appraiser BigBigure 5(b)} Gear Housing Appraiser consistency

Figure 5(c) Gear Housing Average chaRigure 5¢l) - Gear Housing Range chart
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