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Abstract. Learning through laboratory work is critical in high quality science education.
Traditional engineering labs are useful but not challenging. However, when the same labs
are repeated every year, and students know the results, it is questionable how much is
really |l earned. Students may cofficyltfor he resul ts fr
instructors to evaluate their work. To address this problem, the Mechanical Engineering
Experimentation and Laboratory Il class was revised. A nededmmed to be
challenging and useful by using a current research topic to guide issTiagigié in

new class environment witateof-the-art facilities. Students learn instrumentation in a

way that forces them to think about the problem, develop a method to measure a
phenomenon, and draw conclusions about the results. The tangibleiocorioect
research motivates students. It takes professors more time to create these labs. However,
since the results fold directly into their research objectives, i.e., gathering data needed for
publications, the approach ultimately becomes an efficieof tisge. It is fairly

common for professors to ignore undergraduate labs, but this paper shows that with a
little bit of effort, these labs can provide a significant learning experience for students.
Based on the survey, more than 90% of students adrdeethaw lab help them to

develop defining problem, designing experiment, analyamiuding, and reporting

skills. More than 70% of students agree that they learn new measurement equipment for
the new lab. Also, 91% of students would recommend titients to take the new lab.
Moreover, this paper shows that the results from the lab lead to the manuscript which
has submitted to a journal.
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1. Introduction students. For the class, there are seven learning outcomes:
learn knowledge of engineering, apply knowledge in
Learning through laboratory work is essential ®mgineering, identify and formulatenplex engineering
science educatioh.lab experimenntroducenew ideas problems, design solutions, investigate complex
and help students to develop the process of learrgngineering problems, work as an individual and in teams,
skills such as experiment design, data collecting, @ada communicate (listen, speak, write, and read)
analysis, and logical thinking. Moreover, instructeftectively on engineering activities with teams.
supplement class objectives. For example, students camhis class comprises of four weef lecture and
relate theory and practi@ydents can develop a neive topic labs. Each lab has one professor and one
idea and use it to scaffold learning, or instructors éasistanto teach and support students. During the-four
evaluate students with objective measures. Wigek lecture, students learn  measurement
Mechanical  Engineering  Experimentation  afi@btrumentation, experimental process design, and report
Laboratory 1l is a class in mechanical engineering waing. After that, four toife students form a group.
utilizes laboratory woto teach students measuremenihen, each lab is simultaneously assigned tgrowp
techniques. This paper describes modifications to @hstudentsEach group has three weeks to complete a
class that benefit both the students and the faclady. After that, they are rotated to the other labs. To
responsible for the course. complete the class, each group must finish 3 of 5 labs.
The objective of this class is to teach studentsTiee tineline of the class is shown in Tdble
design a lab experiment, conduct tiperxent, collect
data from measurement equipment, analyze the dataTahtel. Timeline for the class
present results in oral and written forms. The problems

assigned to students are selected from theories pre sw&e& Groups
in a companion class. Examples of labs invlibdation 1&2 [38&4 |5&6 | 6&7 | 7&8
of Plates,irAConditioning ProaedStress Strain Analysisled Lecture

a Wing Structukven though these problems are usefl7 LlabA LabB |LabC |LabD |LabE
and relate to the material the students need 8t®0 LabE |[LabA |LabB |LabC |LabD
understand, these problems are not challenging. Thislis3 [ Lab D | LabE [LabA | LabB |LabC
because the problems have been studidd tla
procedures to solve the problems are widely known. TheThe problems of lab A, B, C, D, and E have
students can find the procedures eitheiinenor from traditionally addressed topics suclviasation of Plates
other students, follow the instruction to solve th&r Conditioning ProamsStress Strain Analysis of a Wing
problems, and learn virtually nothing. For most problegtucturdhey have been used to teach in this class more
the students can find the s of the data even beforghan 10 years. This paper adsireghe redesign of Lab
performing the experiment. Consequently, the studextshe only lab changed for the course.

are not motivated to take these lab classes and obtain

minimal benefit. For instructors, evaluation is challengi® Engineering Workspace Facilities

because it is unknown whether a student actually did the

work or just copied the approach from a lab done the Lab A is conducted in the engineering workspace
previous year. To address this problem, three fachilf (EWH) at Chulalongkorn University, as shown in
members radically changed the structure of a lab courigg. 13. The EWH is designed to encoumigeussion

This paper describes the changes, the value tovihge performing experiments. It has state of the art
students taking the class, and the kené&di the equipment, such as a SMART board, an interactive

professors teaching the class. whiteboard, which is used to lecture, discuss, and present.
There is a space with white boards for group discussion
2. Class Environment and study. The EWH alsoopides tools, a laser cutting
machine, 3D printers, and measurement equipment
2.1. 2103360 Mechanical Engineering students need to execute experiments. Students can
Experimentation and Laboratory Il Class freely access the hall during workday from 9.00 to 20.00.

The intent of the EWH is to create an environment that
The class is designed for third year undergradgateouragesisient creativity.
mechanical engineering students. It can support up to 40
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Fig 3. Space with white boards for group discussion and study

3. The Haptic Device means) ON and OFF periods that should be used for
this application?

The traditional lab A is -oesigned around an 2. For a given 1 sec time interval, determine as
existing research topiDeveloping vibrotactile haptic stianylipatterns as possible that a human can differentiate
based on measured human capabiliite®tactile Via the vibrotactile wristband. Note that there are FOUR
wristband, as shown in &igt5, is designed to sendvibration motors, equally spaced, in the given vibrotactile
information to the human who wears thevice. The wristband. Temporal sequences of the vibration motor
wristband consists of four vibration motors that adetuations are encouraged.
equally spaced around the wrist. The goal of this researcB. What is resolution of the signal that a human can
is to investigate the feasibility of sending digital andsense (instant) using the given vibrotactile wristband?
analog signals to a tactile display that are felt by the usef.wo lab groups work in Experiment A during the
For exarple, can this device be used to help a blifi$t lab week. Each group addresses the first goal. For
person navigate through a cluttered environmentth§ remaining two weeks, one group works on the
of eeling6 the proxi mi t ysecondfgoal whilg the othes arldressefs the thigdggal. w h
parameters should be used to effectively send the datén next section, the concept and features of the
and how many patterns can one send? The lab has thbgetactile wristband are presented. Then, the
gaals: experimental setup and procedures are shown.

1. Determine the ON and OFF periods of a
mechanical pulse that a human can sense? Also
determine the Obestd (students must define what
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undergraduate students in Mechanical Engineering
Department at Chulalongkorn University. Their ages
were between ZP years and all are healthy. They had
previous knowledge about the experiments and felt
comfortable with the experiments.

During the first class, the professors introduce the
lab, wristband, and instrumentation. They discuss the lab
goals with the students. Then, the students explore the

Shaftless Vibration Motor 10x3.4 mm instrumentation and brainstorm approaches to achieve
Precision Microdrives, Model: 310-101 the lab g0a|S.
Fig 4. The design of a vibrotactideistband.
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Fig5. @ N:ny Rl O and 06ond6 Of fFig.B. oTweviewsibivg the @xperiment space.
A vibrotactile wristband with its electronics and interface.
3.3. Research Goals
3.1. Description of the Vibrotactile WristBand
Based on literature review, there are situations where

The device is shown in Fig. 4. The four vibratidumans cannot interpret the environment using only
motors (Precision Microdrive 3D31) are mounted in asight or hearing. To address this problem, several types
slot of plates and attached to an elastic wristband ¢{th&actile devices have been developed to help humans
width of the wrisband is about 20 mm). The positond vi sual i ze 6 t hr o urFgrhexample,h a p 1
the plates can be adjusted to accamamecdifferences in references {8] have developed directional navigation
the size of a human wrist. With this design, most peajgegices, such as an active belt or wristband. The devices
can easily adjust the wristband to create an equal spesieiye directional and range signals from a navigation
among the four vibration motors. system, such as GPS. Then, they generate tactile stimuli

The vibration motor has a vibration frequency &bm multiple bration motors inside a belt or wristband.
approximately 200 Hz and 0.8g acdmlaravhen the Humans can visualize distance and direction though
input voltage to the motor is between 2.5 to 3.8 votteese haptic devices. However, the techniques for
This amplitude and frequency are in the comfortabbnerating the stimulus signals for a vibrotactile
stimulus range for humans [1]. wristband remaiad hodHumans may not perceive the

The controller for the vibrotactile wristband consist§ormaton correctly or they can only receive
of a s rofipower ciccaitrusing theldnyRIO information at a very low rate. The research need for this
with FPGA from National Instruments (NI). The-@ffi lab is that tactile displays need additional investigation.
power circuit is controlled by a signal fromamyRIO Therefore, the lalpeveloping vibrotactile haptic stimuli
and provides 0 or 3.8 volts through a cable to thessed on measured human cépalstiigred to the class.
vibration motors. The NhyRIO is programmed A vibrotactile wristband is presented and students
through LabVIEW 2013 software with REahe and conduct the experiment and answer three questions.
FPGA modules. All programs are developed and run onl. Find the range of ON period and OFF period to
the FPGA to verify that all I/O ports work in parallekrigger the vibration motor such that a human can sense
The command update rate is 10,000 Haurégshows digital data. Also, repodn the performance of the

the vibrotactile wristband with controller and interfacec o mmut at i on. I n addition,
(Students provide the definition of optimum.) ON and
3.2. Experimental Setup OFF periods for this application. Prove that these
periods are optimal.
All experiments were conducted at BW&WH at 2. Find the number of patterns (sent in one second

Chulalongkorn University. The professors provide tbreless) tht can be understood correctly by a human.
workspace, instrumentation, and the haptic wristbandDetermine the performance of the pattern design
the lab. The experiment spacgeisip as shown in Fig. 6quantitatively.

All test participants were recruited frdhird year
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3. Find the resolution of the analog signal that Since the questions of the lab are open ended

student can send via a vibrotagtiistband. questions and the questions for each group are different,
groups are allowed to talk each other, current groups,
4. Generic Methodology to Develop Labs previous groups, professors, or any®dhe.idea is that

there are many answers to the questions, and the groups

1. Decide on research topic of interest that negted to formulate a good question before attempting to
experimental data answer lIt.

2. Create open ended questions that require data
acquisition (or whatever the goal of the lab is) 5.2. Preparing Lab Sequences

3. Prepare measurement equipment and instrument
to conduct he experiments (The measurement After finishing the threweek lab, the groups are
equipment should be flexible for verity of setuptated to do another lab and a newugris sent to Lab

and instrument should be robust.) A. The professors create a new lab based on results of
4. Write labs handout and prepare materials to h&lp previous group, which is assigned to the next group.
students understand the lab background Each group of the current round is encouraged to view

5. Introduce the lab to students and let them freéfg results of previous groups.
desgn the experiments.
6. Give students feedback and comments &r3. Lab Assignments
studentsd experiment design
7. Prepare the hardware and software setup for There are 3 godisr the lab. Since the goals change,
studentsd experi ment seach group cannot have the same answers. The
8. Let students conduct the experiment and repagsignmerfor each group is shown below:

the results

9. Feedback and comments on the results and 1) First Round
report 1.1) Group 1

10. Demonstrate and show students the research gap 1 Goal 1: Determine the ON and OFF periods of
that they do not understand a mechanical pulse that a human can sense.

11. Modify the openended questions after the 1 Goal 2: Determine signal patterns for effective
guestions are answered communication.

12. Repeat the process 4 to 11 for other groups 1.2) Group 2

13. Have a final class to conclude what students and ¢ Goal 1: Determine the ON and OFF periods of

professors learn from the lab and what thg pechanical pulse that a human can sense.

conclusions of the lab are 1 Goal 3: Determine resolution of the signal that a
L human can sense (instant) accurately.
5. Application of Methodology 2) Secoerund( ) y
2.1) Group 3
1 Goal 1: Determine the ON and OFF periods of

. . a mechanical pulse that a human can sense.
There are six groups that perform this lab, scheduléd
group b ' 1 Goal 2: Based on the results of Group 1, there

as shown in Table 1. The first round is Group 1 and 2, . . L
the second round is Group 3 and 4, and the third rouf€ otge;r)agngl patte;ns of signal for communication.
: roup

is Group 5 and 6. ] ]
Before the lab starts, a hand out and a published 1 Goal 1: Determine the ON and OFF periods of

paper [2] are given students to study. During the first @ mechanical pulse that a human can sense.

class, the professors introduce the lab, the wristband, the Goal 3: Based on the signals designed by

measurement instrumentation; they discuss the goalscf&ating a sequence of turning on each vibration motor,

the lab. There are three goals, as shown in Séctioletermine resolution of the signal that a human can

Each group needs to address the first goal. Bhen, Sensdinstant).

group is selected to conduct the second goal and anothe8) Third Round

one is selected to conduct the third goal. The professors 3.1)  Group 5

guide them to focus on the first goal that is relatively easy { Goal 1: Base on thesults of Group 4, repeat the

but provides the clues for the remaining goals. technique and improve the presentation and analysis of
Students explore the instrentation, do research, the results of the ON and OFF periods of a mechanical

and discuss their assignment. They need to designpghikse that a human can sense.

experiment and present their design experiment to { Goal 3: Based on the signals designed by creating

professors before starting the actual experiments. Td€equence of turning on each vidnamotor, develop

professors comment on t h® teéhhique ® dnfprove Isitdess @ate herceritabed of

needed, to prepareet setup. Students have three weekfscrete steps that a human can sense (instant).
to finish the lab.

5.1. Guide to Preparing Labs
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3.2) Group 6 in Fig 7. With this format, it is very difficult to interpret

{ Goal 1: Based on the results of Group 4, rep#agir results.
the technique and improve the presentation and analysié\fter instructor feedback, they revised their
of the results of the ONand OFF periods of a approach and presented their results, as shown in Fig. 8.
mechanical pulse that a human can sense. This time, the important and useful results contained in

1 Goal 3: Based on the signals designed tB§ graphics were easy to understand.
creating a sequence of turning on each vibration motor,For Goal 2, they developed signal patterns for
develop the technique to increase resolution of @@§mmunication. The patterns and the results were
signal that a human can sense (instant). presented Wlth the_symbols and tables as shown in Fig. 9.
Note: For the second round, Goal 3 has been adjusiéwever, in the final results, they could develop the
due to the results of the first round. Also, for the thiRgtter format to present these results. Fig. 10 showed the
round, Goal 2 was removed from the lab because itfthg! results of the goal 2. The graphias more self
not appear to add new information. contained.

6. Results 2. Group 2

Based on class syllabus, student gmeesded to For _Goal 1, this group had a 'different approach' to
submit a full report for the first lab and short reports fAftermine the ON and OFF periods of a mechanical
the remaining two labs. For the full report, each gro&lﬂse that a human could sense. They had a hypothesis
had three chances to edit/improve the report. For thilpt the ON and OFF periods might be dependent. Thus,
second and third lab, students submitted the short reffdfy de®ined an experiment that was different from that
after finishinghreeweek lab. Thus, Groups 1 and 2 h& Group 1. They selected 3D bar chart to present the
to submit full reports. The rest submitted only the shBfBults. Figure 11 showed the first draft result of Group 2.

reports for their lab experience. Although reporting the result with 3D chart looked
impressive at first glance, there weraynwuestions
6.1. First Round Results raised by the chaft.was difficult to interpret the results

with 3D chartThe professors provided feedback to help
Since the questions of the lab were open endfagm understand their Goal 2 results. The students found
questions and there was no guideline forethts, the & better method to present the result. Figure 12 shows
groups needed to think and develop the charts/grapitg final reults for Goal 2. The 3D bar chart was

to present their results by themselves. replaced by a 3D surface and contour plot. These plots,
which used the same data, were easy to interpret.
1. Group 1 However, they were still difficult to apply in practical.

For Goal 3, they could determine number of discrete

For Goal 1, Group 1 had a good idea to determiSigPs that a human could sense. Howevgr, in the first
the ON and OFF periods of a mechanical pulse thdi'aft: they selected bar chat as shown in Fig. 13 to
human could sense during a vamétiuman activity. present the results again. Af_ter feedl_aack from t_he
The results showed that ON and OFF periods depen8&f€ssors, the students revised their presentation
on human activity. However, in their first draft, th(%pproach, as shown in Fig. 14.
chose to present the results with the bar charts as shown

. I Lo . Ay d dvs L e . G yg
420921 On Period Miaofiaafidnlihmwazingda | & [ dwam On Period filaaiignifialiuwasiasninmiv 290981 0ff Period ilpailan i Fnliluvazhianssunu
s Insfinifiafa

Fig 7. The first draft result for the goal 1 of Group 1

172 ENGINEERING JOURNAL Volume24lissuel, ISSN01258281 kittp://www. engj.org/)



DOI:10.4186/ep020241.167

. auduidulnsdn 8o Sadund Imua’uwu 110 slaai I |mmm§u 170 fa&unit |
eudurie 70 fadunit :
[]
1 A

H

100

[quwimfiu’lm?‘wﬁ 125 fipdTundt ]

5

- —
2

€ — /

H /[mqusﬁw"qﬁu 115 ﬁa?ﬁyﬂ

S 60
a2 /

i

B 50

=

= '—/

T

é 40

= /

= ——
ik, 30

2

® 20 —

vt
Audualnsdw
i H
eumgeduiiaiia
ﬁwqumﬁuﬁuiﬂzﬁ’wﬁ

AmuMyRAUFY M

fiunannaes 6 AU

Een o = J '
Amaaighunmaaosfaniimadusasngediims)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110115120125 130135140 145150155160 165170175

Fig 8. The final results for the goal 1 of Group 1
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Fig 11.The first draft result for the goal 1 of Group 2
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Fig 14.The final resultir the goal 3 of Group. 2

6.2. Second Round Results determine these signals. This introduced a new technique
for communication that was never published. The result
For the second round, they had a chance to see di¢his goal was shown in Fig. 18.
results of the previous and to talk with the previous
groups. They could use the previous knowledge &@. Third Round Results
develop theiexperiment.
Students could see the results of the previous groups
1. Group 3 and talk with them. They could use the previous
knowledge to inform their experimental approach.
This group was assigned with Goals 1 and 2. The
methods that they used to solve these problems weéréroup 5
different from Group 1. However, the results they
obtained were pretty much the same as Group 1. This For Goal 1, this group was asked to repeat the
helped the professors to comf the results of Group 1. experiment of Group #ut they needed to add more
Figuresl5 and 16 showed the results of this group.  information and complete the plot. The plot of this
group was shown on Fig. 19. It was improved but still
2. Group 4 not fully complete.
For Goal 3 of this group, they needed to determine
For Goal 1, this group decided to improve the 3fhe methods to improve the success rate of thalsig
plot of Group 2. They appli¢de experiment method of developed by Group 4. They analyzed the errors of the
Group 2 and select another way to presentethdts. signals and developed a method by using a signal base to
Finally, they came up with the contour plot as showniirtrease the success rate of the signals. Their results were
Fig. 17. This plot looked clear and easy to use @aitwn on Fig. 20.
understood. However, the plot was still not complete
because it was missing some information.
For Goal 3, they were asked to design tmalsig
created from a sequence of turning on each vibration
motor. The method seeras hod¢iowever, they could
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