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Torsion Test

Shear stress

0

1. 3alalunsvliuaan yield shear strength
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2. qw“la‘lumwﬂﬁuﬁmm shearing proportional limit
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3. 9alalunsliueaan ultimate shear strength

.

.

0 A

19 B

.39 C

Shear strain



4. 51a15011a11a' 14910 shear stress-strain diagram
N. Modulus of Elasticity
4. Poisson’s ratio
f. Modulus of Rigidity
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5. Tumsih torsion test Y8lAgnADe
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fl. mamﬁmﬁﬂﬂlmﬂuummmnﬂuumunuﬂmwmm

Tension Test
N d‘ 1 ! A v a a a A 1
1. ﬂ'l“l/llﬁui!ﬂLL”]J\iiS‘H’J’I\iﬂ"lﬁtlﬂﬂ'.llmllE]a'lﬁ'ﬁlﬂLLﬁ%LL‘lJ'lJWﬁ'lﬂﬂﬂﬂﬁﬂﬂﬂ
. Yield point
9. Ultimate tensile strength
f. Modulus of elasticity
3. Proportional limit
3. Elastic point
1 9 3 d' 9 da' 1
2. ﬂWﬂ’J'llll.ﬂuG]Qﬂ']ﬂ‘Vl11414111!ﬂ']51ﬂﬂﬁ0ﬂ11“]56’ﬂ@$u15
. Actual stress
9. Engineering stress
fl. Mechanical stress
3. Practical stress
1. Real strength
1 d' Y g =) = = =) Y =)
3: ﬂ'l“fli‘lﬂuﬂﬁ’Jﬂ‘Hi’i]L‘l.'55]‘]JL‘VIEJ‘Uﬂ')'IiJLWUU’J‘iJE]\1’Jﬁﬂ ﬂ’t']’t']%ﬁlli
. Percent hardening
9. Yield strength
1. Percent reduction in area
9. Ultimate tensile strength
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15.5 mm uazﬁuiaﬁa 120 kgf fauenily 160 mm 9311 Modulus of elasticity ﬂlﬂﬂ%ﬁﬂ
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f. 30 MPa

¥. 31 MPa

A. 300 MPa

1. 350 MPa

9. 400 MPa
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Loading of Struts
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f. Height
9. Cross-Section
fl. Modulus of Elasticity
4. Mass moment of Inertia

3. Area Moment of Inertia
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3. auyAingan imniszIngafiduanldain Euler's solution 11w P tlousssinnsiumn

v v EJ . o w
windsuanueveadain 12 77 24 i inziiaaszingan ls amudau

. 4P
Y. 2P
f. P/4

3. P2

9. Break a Leg! (=Good Luck!)

4. AUMAINENFIUIWUL  hinged-hinged column LAszIngafiduinldnin Euler's

solution 1314 400 eua sens 1w winwdeuiluawuy  hinged-fixed Wag fixed-fixed

column 3iiA1nszIngami 1s awdau

f. 200 100
¥. 100 200
f. 1600 800
4. 800 1600

9. Beat Me! (=] dunno!)
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Beam Experiment

o A . s v A =) 1 dy
1. M3IANBN elastic curve 1UN1TNAADY beam experiment 1HAToaiioaz 150 111l
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2. Tadveslsde luifiduilosomouondinuiidanaliaui elastic curve A1af
f. elastic modulus
4. moment of cross section area
f. density
d. type of support

2. weight
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N. allagb Lﬂu‘ﬂﬂ,}ﬁ’l statically indeterminate
& . : .

VY. bl c Lﬂufﬂﬂgm statically indeterminate
g 3 : .
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Mechanism Analysis
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Cam Analysis
. 1 ) g Y s o <

1. Cam, follower LLQ1% spring lLﬂaZﬂgﬂVlN'luulﬂﬂﬂw% operating conditions ¥\

QY K = stiffness UBJ spring

M = total mass UB4 follower assembly
L = maximum lift (displacement) U4 follower
volafe maximum possible acceleration (a__ ) U84 follower

Na,=¢g

Vv.a,, =KL/M

fl.a_ =g+KL/M

la,  =-g-KL/M

9
v. lifidegn
4 = . . ¥ q A . . .

2. lUBY spring pretension Tay P = 5202 pretension 991af® maximum possible acceleration
(a,,,) V03 follower

Na,=¢g

V.a,, =KPM

fl.a_, =g+ KP/M

l.a_ =g+KLM+KPM

v.a_, =-g-KL/M-KPM

24 v @ d 1 @

3. AT LAAIA NUFUNUTTEH N (maximum operating speed U84 cam)2 N1l spring pretension

(P) fie
f. max speed’ (1pm)’

: 3

spring pretension (in)

a. max speed” (rpm)°

/,

spring pretension (ia)




.
max speed2 (xpm}2
V ’
spring pretensicn (in)
. max speed” (rpm)’
R ’
spring pretension (in)

v. Lifidegn

4. 910 displacement diagram
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5. 921N maximum operating speed T gatuldnd1als Tae'lilina bounce

U

. 0A stiffness YD spring

U. 0 total mass YD follower assembly
f. AATTYY spring pretension
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U A
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Coriolis Acceleration

1. AMNNINGEHVBA Coriolis Acceleration A1
na=27r 6
V.a=27r 6
fl. a=2r0
l.a=2r6
V0a=2 #6
2.L%Hﬁ1ﬁu5hﬁ1ﬁ%0&ﬁ@ﬁ%uuﬂiWUﬁq%iﬂﬁWﬂiﬂuﬁﬂCoﬁoﬁsﬁﬁWﬂﬁ%NTN
. 7 U
U, 5.
A. 10 U
4. 120,

1. Aanuannde
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1 e o o/ ' o o/ = d‘ 1 d!
2. vinaswllugddeans ymndafumasuvinalngdmiusda llihveseuuranis

o { { a a o 0o w A Y Y
‘mmuﬁ 428 rpm 'ﬁ Head 700 tU#&13 Lmzﬁﬂi:ammw 40% Nmmmmmaumnaﬂﬂmﬂ

€

LY

JMU

Head, m
800

600

400 1

SOMw KAPLAN
BN

200 —

0 50 1(|)0 3
M/sec

n. 68.7 MW
Y. 1.8 MW
A. 420.4 MW
3. 1382 MW
3. 26.9 MW
3. Foiuihmeduiiduriuguénais D = 1200 mm MyuAIBANUEITEU 1750 pm MIN
anudaveaind Tnasenanlusuiuniify 16 ws uaziduiuguinaveniiia

9y '
WIRY 50 mm WATUIUNITATING Iaveii lnaruriine

f. 0.3450 m’/s
. 0.0658 m’/s
f. 0.1225m’/s
3. 0.0559 m’/s

2. 1.116 m’/s =
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1 v
[ % 1 1w °
4. 91NMINAQBY Pelton Wheel iatluidiuifanyuidh el 4 seu e1umidasins Inavesti
Y 1w ' 1 ~ Y] 9y @ < Vly
UlﬂWl']ﬂ‘U 6.3 cfm LALDIUAT head “mnil’m‘lﬂ 42 ft IAAULTITOUUDY Pelton wheel 1@
v Y
1750 rpm UENUTULTA 0.9 Ibf (R=6 12) WAIUIUNILUTSANTNINVOL Pelton Wheel
. 10%
4. 15%
f. 20%
3. 25%
2. 30%
Y a A A a 13 @ o o3
5. 1nNUN 4 ‘H"Iﬂl‘WNLLiQL‘UiﬂVl‘L'Li?JU‘] NATLNAYUNUNITNIIUUDY Pelton Wheel ﬂzu]u
0819 l5
< a .3 [ 1 a a a 9 =
. ANULIITOUINWNUU head aAad ammn"lwmmmn ﬂiZﬁVlﬁﬂTV‘laﬂaﬂlla'}ﬂﬂﬂ
=] [ a a 2 -4
V. ANULIITOUAAAYT head AR E)ﬂi"lﬂ”li%’iﬂﬁﬂﬁﬁ ﬂﬁ&’ﬁﬂﬁﬂ'\’ﬂﬁﬂa\ul'gﬂlwuﬁu
< 1 a a -4 @ a a a -4 9 |
f. ANULTITOUNUAY head quﬁu 'E]ﬂi']ﬂ'liulﬁaaﬂaﬂ ﬂizﬁﬂﬁﬂ’]WLWNﬁullaQﬂﬁﬁ

< 1 a Y 1 a a a a 3
3. ANLTITOUAARN head (NLAY E]GITIﬂWileaL‘V]']LﬂlJ ﬂiZﬁWﬁﬂTWLWN%HLLgiﬁﬂaQ

<] @ A g a a 4
9. AUISIT0UAAAY head AAAY 9ATINT IMANNAIY UszAnSmnanasudlnad

Flow and Friction in pipe
o @ o o = A 9
1. anudunusvssunmesaNuFsamufetola

I ¥*
n Ap=f——
\p sz
4
v sp=y L2
D 2
LV?
A Ap=f=—
p szg
L V?
3 =f—=—
D 2g
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2. velidurhugudnatsnalu 1 {7254 mm) 61110 m uaziifese Felmduszdnims
qayde (k) 1Y 0.8 i1 (o = 1000 kg / m*) Inashurieuazdesedaunuda 3 ms
semaIduanPa) fidesedail

f. 146.8

V. 0.37

f. 3.6

3. 3,600

1. Aanuannde

v v d 1 @ o @ { aa . y
3. lumsnaaeamanNuauUNUTIZHIN ﬁlﬁli'lﬂ'liulﬁa ny ﬂ’]TNﬂuﬁﬂﬁﬂﬂiWﬁ (Orifice) Vlﬂ

9 @ dy

Joyanil
AUAUAATN Orifice (in.H,0) 1 2 3 4 5 6
895115 Ina (L/s) 0.10 020 029 037 038 040

4 @ g :‘ ' ' ay 1 o d . " w

Lﬁaﬂsmwaﬂﬁ’m"lﬂamum 1 473 (25.4 mm) WUN ﬁﬂ’J’lilﬂuﬁﬂﬁ orifice 1M10U 4

Qy & a 4 @ ! 1w

H12 cmmu"lﬁ'mﬂmuamms Lm:ﬁmmauaw“lummuwmu 1000 Pa 931N

v
< o '

anuisavestirlune

fl. 0.59 m/s

Y. 7.3 m/s

f. 0.73 m/s

3. 0.77 m/s

12y 4 A
9. THA0TAQA MARAD ..
9y @ ' & oy d 2 2 an v W p &

4. mmmmmﬂuwama FINAURIUFUINAN 1 U 817 60 U UAUNMNY 0.3in.H,0 o
uy v 9 < 1 4 a 1w 1 o b
m'lwa‘lummammwa 1 m/s WAL NADTANUTIANIUYBINBAINGT) ﬂ'muﬂ«lﬁl
v
U1 =254 mm

n. 0.0025

9. 0.025

f. 0.005

3. 0.000254

=

V. LT0T10gN QAR oo

V. ‘ﬁmmumi"lwammzmuﬂuuazﬁngﬂqu
a. umesTvauazdiuluia
a. ﬁn"luﬁ'ﬂua:ﬁuqﬂqu
0. Tl Guuma’a) wazduuuimui
2. mﬂgﬂtflumwﬁmaa‘ﬁmmumﬁm ﬁﬂ'hﬁmmufrmiﬂs%’ﬂiﬁ’agiiuﬁn%ﬁﬂclﬂmuﬁﬂymz

o Y & v
N1TIAUBDIVDNLLATD

’ i{]m @ ] A. Jusuuwaia
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1. §asimsmamanuiou Quaz Q, NAwmiiy
M. Q= 630 W, Q= 360 W
¥.Q,= 360 W, Q= 630 W
A. Q= 0.63 kW, Q= 0.63 kW
1.Q=0.36 kW, Q,= 0.36 kW
1.Q=6371,Q,=36J
2. MM 3111ANUToU (Thermal conductivity) ¥833Ag A IAUMIY
n.213W.K'
V. 428 W.K'
A.213W.m' K'
4.321 Wm' K’
.428Tm K’
3. A1M15119 30U (Thermal conductivity) ¥a33ag B HAwmAy
n.0.428 Wm K’
. 0.641 kW.m K
f.0.428kIm K
3.0.461 kW.m' K
.0213kIm" K
4. MANNATUMUMTIIANSOU (Thermal resistance) ¥9930g B UAUMIAY
. 89 KkW'
. 98 KkW'
. 74 KkW'
9. 47 KkW'
2. 213Kk
5. MANUAIUNIUNTIAIUEEY (Thermal resistance) U31IM508A0Y04UBIIAY A Lz B 1
AN
n. 134 KkW'
Y. 74 KkW'
A. 74Kk
3. 500 KkW"
2. 50 Kkw™
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. . "
4 vnmInaasdniieialumudtafivewmes1d 4 Nm finnmisisou 2100 rpm i
Ui UE I 12 bar Teefidnsins Ina 22 Vminute samtlszanamuesily

. 50%

. 60%

f. 70%

3. 80%

9. 90%

1
s v o 1

o a a o =
5. Mludlszaniamueailudsiadini 1
= ' ' P

. mszved lnadanunuidu lined

o = q'.l 1 o 9y g o 1 .:1
¥, mazlufimsdulnieganeaial m“lwmi@mm“lﬁmmﬂn"lnmw

a o ﬁ‘w -7 o

. wszdSuesvesvedvanadr luvazniludaves lvaiau

= o ' Qy 1 d‘ A A Yo 1 = a 5
9. waziinsi lvavesved Imasgnneudiuimdeun ldnudiunngailsvesily

2. QANNTL

£y q

Conduction Heat Transfer

4 g
mm;ﬂmimam Steady stage one dimensional conduction heat transfer Fuilums
1 1 a Y] 1 9
aemanudeunnunainnuiougungiqe (Heat source) A188ATINMINWNANUTOU Q,
1 @ 1 4 { o @ a a 1
rudnanansnszuendurIuguInaIs 10 cm Fuiludde 2 ¥ila (¥ia A Lag B) 14AYY
[ 1 = g 1 a A‘l o 1 9 v A
AU g1InNeuae 45 cm Nﬂ?iﬂilﬂuﬁlv!ﬂﬂ"lﬂﬂkwa‘ﬂ?Nﬂ‘Hﬂﬁﬂ1ElL1’1ﬂTl‘JJi€]1ﬂULLH’JLLﬂH5ﬁ11

@

Thermo couple Woiagavniigniey 10 9a TasszezrnvesuaazyaliAmAy 10 cm 7
) ;

Y 1 1 1w a o
Uasduanilevemsnszuenimsnomanuiou Q, quvasiuanuiougungia (Heat
" N~ 3‘ 1 a { 1 @ { o 1
sink) Gudfuimasdui narudesanmslnani 0010 mys  mualdmanugany

9 ) Dy 1 o " 1 1 :‘ 1w =
Faudumzueaiimia 4,200 1kg 'K tazgamanuriuduveaniuminy 1000 kgm®

1 2 3 B 5 6 7 8 g 10 .
w1880 45 °C

Q:

#7117 30 °C

HAN3IANIINIZALAIVBIUNYIN

1 @ | @
ARN 9] U ANIITAIND L']_IUGNG]']TN

=)

w | 1| 2|34 |56 ]| 7 |8] 9 |10

T(C) |350| 325 | 300 | 275 | 250 | 200 | 187.5 | 175 | 162.5 | 150

I
Ui INae i



