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1 Solve the following: dlfferentlal equatlons ’ _
- (a)y —y=e" (£’ -1, - o (%) '
o Jdy  diy Byt . o T Ten :
< ® dxf+4x = -5;:;; 155=0 ooew
d}’l y dyz +y - ) ". ’
L de TN de ~dy, (0) (0) dy, (0)
< 0 0
O\ Gy gy, M AO=0 TG n O L
| _df? ar L
N " Hint: Use Laplace transform ' - (10%)” - ]
[ . - “ . - 1
Lo ’ . ’ < ) . h ot !
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. 2. (a)Solve the followmg matrix equation for matn;r)_f. o
437 SN e -
CAX+4]= . Lot - ~ (159
‘ .F(b) Evaluate _Ez -~ - o T - —_ﬁ iO‘V ‘ S
L - 3-2cosf+siné i 10%) T
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. (a) Evaluate the line integral of (10%)
. F=3xh- z*j<2yzk s
from (-52,2)to (1,-1,3).
Tt ()Evaluate “(15%) . e S -
§[zz +Im(jz)]dz ‘ . ; - -
__ % . where C: thie square with vertices 0, -2i, 2- 21 2 1|
A .z Complex variable- 7+ ' -
as ‘ . oo _ .
} - ’ N
!I * - X ‘ ) . . T~
é 4. Solvé the; boundary value.p(_,blem (25%) - -
o B end H"‘"\ - ~——
., r _ L - i
.2 - - ow ‘5 . B "t ’ 1
— —=—[(1— —_— " -]_< <]_ t>0 -
| T 5l A-x)7 1 (-1<x<1, t>0) |
M B t ) i i N
T With initial condition u(x, 0)=f(x)-—(-1<x<1) ] .
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1. Two posts, one 12 feet high, the other 28 feet ﬁigh,-;stand‘?:O feet apart.
They are to be stayed by two wires, attached to a single stake, running
from ground level to the top of each post ~Where.should the stake be
placed to use the least wire?. - . A 20 / )

2. A space module welghs 15 tons on the surface of the earnh (ay How '
much work is done in propelling the module to a height of 800 miles
. above the earth? (Do not consider thé effect of air resistance or the -
welght of the propellant and the radms of the earth is apprommately

4000 miles). (b) How much work is required to propel the module an
unlmuted distance away ﬁoWarth s surface?
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1. Whatt'is- the ‘Mminitmurm sprlng compre551on
“ to leave, ther flgor.affer ml: is- suddenly released. with'zero

A veloc;ty7
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- P .

'S nededsdry to cause m2

Measure -8 from the unstressed length of the spring

and assume'that all‘motlon is; 1n "the vertlcal dlrectlon [25/]
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3 The slender 30-kg bar AB moves in the vertical plane mth its o
ends constrained to follow* the smooth horizontal and vertical

- rollers.at’A and B

£ re. o3

4. Consxder a umform bar- that. {s plvoted at one end and connected’

~ guides. If the 150-N force is applied at A with the bar. mltlally at . « o
rest in ‘the posmon for which 8=30°",

. calculate the resultmg
+ . angular acceleratlon of the bar and the forces on the small end .

- r
»

: [25%]

~ e &

symmetncally by two* spririgs at-the other end. Assume that the mass of
- the bar is m and that the spring are unstretched when the bar is verical -If

(a) derive the equation of motion,
(b) find the period of the system .

-the system is under the assumption of small oscillation, - -

[10%)]
. [7%]

L

(c) find the condltlon sueh that the i)enod of the system is infinite, [8%]
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S (0% 7
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(2) Descrrbe the followmg processes (15 %) ' L : =’
(a) thread relhng ) (b) hot extrusmn ' (c) stud weldmg _— .

(d) shell rnoldmg (e) blow moldmg LT I

12, (1)‘What are the. prineipaf defects m ferging? How are 'they occiured’&’ (5%) -~ -«
. =
(2) How will a lubncant influence the manufactlmng processes? Use mﬂlmg and ﬁl

o drawmg as examples to answer thrs questron (8 %) - " )
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. One half kilogram of air as an ideal gas executes a Carnot power cyclé having
a thermal efficiency’ of. 50% The heat transfer to the” air during the
isothermal expansion is 40 KJ. At the beginning of isothermal expansion,

 the pressure is 7 bars and the volume is 0.12 m’, Determine

(2) the maximum. and minimum temperatures for the cycle-, inkK, (6%)
(b) the volume at the end of the isothermal expan316n, in m’, (6%)
(c) the work and heat transfer for each of the four processes, in KJ, (6%)
(d) sketch the cycle on p-v coordinates. (7%

A 1

2. In a gas turbine operating at steady-state, air enters the compressor at 0.95 bar
and 22 °C and exits at 5.7 bars. The air then passes through a heat exchanger
" before entenng the turbine at 1100.K, 5.7 bars.  Air exits the turbine. at 0.95
bars. The compressor and. turbine operate adiabatically and. kinetic and
potential 'energy effects can be ignored. Determine the net work developed -
by the plant, in KJ per Kg of air flow, if
.(a) the compressor and turbine operate w1thout mtemal erevers1b111t1es,
(10%) - ¥ -, \ to
_ (b) the ‘compressor and turbme 1sentroplc efﬁmenmes are 82% and’ 85%,
“respectively.  (15%)- - - R




| L : L .imzmufn

TN E TSR B R TRt "

ATABEREPIFEFRLIALAMMNE P AR !

5.6 f-in B 69 S 2T RRHAT K te o9
K'E‘quf% [ SL@A)'CYDP]{, Pfo%’ (54) . -

) Bt T o5, Bap RO R T B
DI L IRFE | TDhe BN pump 69 TR
% 3] 9B n puep® R B WAL (50)

" MR idend oo cyeln BT HFE M €
A 8] B Speciic kel valiy K
P kB 6Y Bk, FEBBOIERE

TR, B

W) HB F iR TR B LT E 25
G Bop BB, AR TN 07
£ By ARAL T AK e ER LREGT

RTE (Reseble prOE) |

2~ s -2 Cop =% OB
S Paitpump, révoraible s G AR Rotsiartl -

(9 -3 AR R DR E10, Ry 1) 8
e I T : . .
P =100 MPx | TIEb00C = 04011 MAg
Usg= 01944 W, B DT S B RS
52 Tz 60C, Us= Vg ST e AR AL

DT 3850 T AR LEWR. ¢




.3 F 4 X

YL 5 e P BRI
NN SAS SR P A

yiy ‘ﬁ]—/fﬁ;;] MUﬂPDT-—CD?"pﬁMAlm i,(@% ,@;
,Aﬁ-]—' 2 +M4ﬁ%§® Y@é&gw\aﬁmrafe
Q, sm) u;sc,gt% SN 48 HLEY 4R B R AL,
%oa‘?&% Pzl kPex, h 17787 /‘J/;¢g. Sig O7/0]
3?_ E%(E_UMOPJCPYDW)E?‘H’i
- Pm o0 KPa, S S.=Sig", hu=208- 65 KTy | s FLECE
BRGNS R SRR TR,
YN L) ﬁl\éj%%,%ﬁ'z 2 IRAR PP
' lrxgj.—@fz; kJ/% wﬁﬂ’l%ﬁl@i—%?fm q
570 (ot 0o BB 5 PP~

<J = (6 /75”,21
h”fp—lzt-okr?m :C‘B_D‘F /3 hjﬁP”@kP“ o ‘3‘

/.zg"‘ :

- Uk
) 15 TR A B oL fW@ [72]
wxﬁtﬁﬂi‘w\%ﬂ m-ré— Fw»vﬁ-arma,w& 36%4
Y—"-—T‘"W COP = R Ed«ﬂ .
3 MPWW;WC% zﬁuc«mpfwmf Din [62]

A) zﬁLMM"WrZ@Jf& {WM?—ID- £623
. (’-5'/)



.
.

.

8

B35 T HhENHER

At DTS BTRE SE A S B

BESH - A TR

FHE : MHE -

WA TUE LK

TABLE A-16 Id::al Oas Properties of Alr

+

T {K), A 2ad & (kJ/kg), 1* (ki/kg + K)

T k - I-N u V. + & T k ! P u o, I r \.
200 199.97 0.3)63 14256 1707, 1.29559 . 450 455,80 5775 J1%L62 22).6 ALY
210 209.97 0,987 149.69 1512, 1.34444 460 462,02 4.245 J29.97 ‘2| 14 2.13407
0 219,97 0.4690 156.82 1346. 1.J9105 470 472.24 - 6,742 D72 200.1 215604
0 210.02 0.5477 164.00 1205, 1.43557 480 482.49 7.268 J44,70 189.5 L17760
. 240 240,02 0.6355 171, 1) 1084, 1.47824 490 492,74 7.824 152.08 179.7 219876
250 150,05 0.2J29 178.28 979, 1.51917 500 503.02 8.411 159.49 170.6 2.21952
160 260.09 0.8405 185.45 887.8  1.55848 510 513,32 9.031 166,92 162.1 2.23993 .,
n 270.1) 09590 192.60 808.0 1,596 520 523,63 9.684 37436 | 154.1 2.25997
280 280,13 1.0889 199.75 7380 1.62719 530 533.98 10,37 18184 146.7 227967 "
., 285 285.14 5,584 201,33 +706.1  1.65055 540 544,35 1110 389,34 1397 1.29%06
%0 290.16 L2 20691 676,1  1.66802 550 554,74 11.86, 196,86 113.1 2. 31809
295 295.17 | L2068 210,49 H1.9  1.68515 560 563.17 12667 404.42 127.0 1.33685
30 300,19 13860 214.07 621.2  1.70203 570 575.59 13507 41197 1212 2,355}
05 305.22 14685 217.47 596,0 1.71885 580 586.04 14.38 419,55 115.7 2.37)48 ’
. JiQ 0.4 1,8546 221.25 5720  1L.7398 590 596.52 1531 4215 llO.? 2.39140
15 s.27 1.6442 224.85 5498 L.75106 600 607,02 16.28 434,78 105.8 2.40502
-3 320.29 17375 228.42 528.6  1.76690 410 612,53 1700 442,42 101.2 242644 .
LY L . L | LAMS 2132.02 508.4 1.78249 620 . 628.2} 18.36  450.09 96,92  2.44356
10 330,04 1,952 235.51 4894 1.7978) 630 438, 19.84 452.78 92.84  2.46048°
310 340,42 2,149 242,82 454.1 1.82790 G40 649.22 20,64 465.50 88,99 24716 ,
RL) 150.49 23719 150.02 412.2 . 1,85708 650 659,84 .86 47325 8534 2.493464
30 360.58 2,626 15724 3934 1.8854) - 660 670,47 .13 48101 , 81.89  1.50985
Jn 370.67 2,892 o446 3872 L9 670 681,14 24.46  488.81 78.61 252589
a0 380,77 3176 2769 3434 1.94001 680 691.82 25.85 496.62 7550 254175 -
390 390.88 J.481 278.93 3215 196833 [4] 702.52 | 2719 504,45 7256 2.5513
400 40098 J.806 286,16 W16 -199194 700 713.27 28.80 51233 69,76  2.57277
410 411,12 415 2914 283~ 2.01699 710 724,04 30.38 520.23 62,07 258310
420 421.26 4,522 100.59 66,6  2.04142 720 73482 _ )02 528.14 4.5  2.60319
430 431,43 4915 J07.99 511 +2,065)3 - 730 745,61 A3,72 53607 52.1)  2.6180) *
4“0 44000 5332 3i5.00 216.8 2,08870 M0 - 75644 3550 54402 59.82 2.63280
T(X), h and u {kJ/kg), 5* {k/kg - K) . " !
T A P- u " s T h ' p, N v &
750 767.29 37.38 551.99 576 2.647)7 1300 139597 30,9  1022.82 11,275 J.27345
760 778.18 1327 560,01 §5.54 "2.66176 1320 1419.76 52,5  1040.88 10,747 J.29160
70 789.11 41.31 568.07 53.)9 12.67595 1340 1443.60 3753  1058.94 10,247 ).J0959
T80 800.03 4335, | 576.12 5164 2.69013 1360 1467.49 399.1 1077.10 9.780 32744 .
« M0 - 810.99 45.55 584.21 49,86 1.70400° 1380 149L.44 4242  1095.26 9337 134474 -
8GO 821,95 47,75 592,30 48.08 2.71787 1400  1515.42 450.5 111).52 8919 3.36200
[ L¥..] 843.98 5259 608.59 44.84 2.74504 1420 1539.44" 478.0 177, 8,56 3.37501
- 80 366,08 57.60 624.95 41,85 277170 1440  1563.51 5069 1150.1) 8,153 J.39586
850 B88.27~  63.09 , 641.40 9.12 2,79783 1460 1587.63 537.1 1168.49 7.801 J.41247
- 520 910.56 '_.;68.98 - 657,95 J6.61  2.82344 1480 161,79 568.8 118695 7.468 3.42892
LS00 93293 75.29__\_674;58_ 3431 2.84856 1500 163597 6019 120541 7.152 J.44516
910 955,28 82.05 691728 2218 2,87324 _ 1520 1660.23 6365 122187 6,854  1.46120
1940 977,92 89,28 703,08 - 30.22. 2.89748 1540 1684.5] © 6728 12424 6.569 J,47112 .
90 1000.55 97.00 725,02 18,40 292128 1560  1708.82 710,5  1260,99 6,301 3.49276
90 1023.25 105.2 - 741.98. * 26,73 2.94468 1580 1733.17 750.0 1279.65 6.046 3.50829
- 1000 1046.04 1140 758.94, 25.17° 296770 1600 1757.57 1.7 119830 5804 15134
- W20 1068.89.. . 1234 776,10 .77 2,990 1620  1782.00 834,1 131696 5574 )1.53879
1040 109185 1333 793,36 1239 1.01160 1640 1806.46 878.9 1572 5,355 J3.55381
1060 1114.86 (439 810.62 . 2L14 3.03449 1660  1830.96 925.6  1154,48 5.147  ).56867
IUW_ 113789 -"155.2_  B27.88 19.98 . 3,05608 1680 183550 9742 13124 4,949 J,%8335
p— 1 ‘ .
LI 1148107 167.1 845,13 1889 307132 -1700 1884.1 1015 1392.7 4,761 15971 .
120 118428 -179.7 862,79 17.836 J.09415 1750 19456 1161 1439.8 4.328 1.6336
1140 1207.57 193.§ 880.)5 16,946 J.11883 1800 2003, 1310 1487.2. 3944 0684
Hed 123092 272 897.91 16,064 J.13916 1850 - 20653 1475 15M.9 J.601 A.7013
1nse 1244 , e 915.57 15.241 115916 - 1900 21274 1655 1582.6 3.295 L7354
1200 12179 2380 933,33 14.470 3,17888 1950  2189.7 1852 1630.6 3.022 17677
1220 1331 247 ° 95109 13.747 J.19834 2000 22521 2068 1678.7 8776 3.7994
1240 132493 2723 968,95 13.069 J.21751 050 2146 230 1726.8 2,555 J.8303 .
1260 1348.55 290.8 985,90 12,435 3.23638 2100 2774 559 1775.3 2,356 J.8605
1280 137024 0.4 1004,76 11.835 1.15510 2150 2440.) 2837 1823.8 2,175 18900
200 2503.2 LIk} 18724 012 39191
- 2250 23664 J46d 19213 1.864 2HMH

Sowrce; Adspted from K, Wark, Thermodynamics, 4tk ed., McGraw-HUl, New York, 1983, as based on J, H. Kecnan and ], Kaye, “Ga
Tables,” Wiley, New York, 1945,
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'1. Consider the system . . ' T SR -
| Y(s) ) 2 Ca it
U(s) 210 2.9 +b T .

St
where u is'the xnput varmble, y i8 the-output vanable, and b is a constant but - uncerta.ln :

value between 7 and 13, ie,, 7 <b< 13. y . ~ ' .

. ~
-in B i

(A) Ifb= 10 ﬁnd a constant input r, ite, u(t) =T, such that the output variable tends to
‘i
“a constant value 3, de., y(oo) 3 What is the damping ratlo of thie system? [Iﬁ,{]

- '}"

(B) Suppose the nominal va.lue of bi 1s '10 and the target value for y 1s'3 Desxgn a control
! algonthm by which the dampmg ratio of the closed-loop gystem is 0.7 (for the nominal

-

system) and a 10 percent va.natmn of b results in a steady-state error less than 1

- percent of the target value, (]y(oo) 3| < 0.03 if b'is 9 instead of 10, for example ) [l?.A.]

-

- - I 1

"( P 1

’ . - . - v ¥ "
h— s LY - ) ¥ . - ¢ ‘
2. (A) Consider the system . : - ' .
-—-_.__.—-H_.,.-._,._.___ -T .._;.. o . . .
- - AP ' —~ LA -

- . Zy = Tg.- _— ) -

, - - I . : ! - ~ .
. . P - ~ EE h - .

. Tg = =zy+2z9+2+u .0
u=—k}xl—k2x9+r - -

where kl, kg, and T are constants to be determmed Find all values of k1, kg, and r for

which the ongln, (z1, zg) (0 0) -is an asymptotmally stable pomt [ [3/{]

N .
(B) Consider the systeni\’ . L. e '

= * T . - -
Ty = ‘$2'Sln-$1-—"(a:1‘+ 2)3 - s - |
-_';ﬂ ' M . N -
=t . By = —:c{cos:.czt—{—\.?-(mg —-I)+u - o
- -~ L}
o g v = —kyop— kazs +r S T
Find all values of ky, ks, and 7 for"which the-origin is an asymptotically stable point. [j)2%]
. , ; -,
. N ) .
* . e -
- A -~ ,,....’.—‘
* ,-'.'P-?';‘“
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3. - Givena transfer ﬁmc’ﬁbﬁ asbelow: . ..~ ° S
v “ o - . 2000 n .': N - :— :‘,. . ‘. R . PN “ ” . .
‘ G(S) = s(s+10)(s'+'3"0' " e AL e

- M
~ F
* :

L (t y Designa Lead compensator with umt feetback conﬁgurauon by Root-

. Locus, and show all poss:ble Root-Locus patterns. ( 15% )4
N 2) Detenmne and show the " best " result of those patterns..( 10% ) v
: . " \r.l‘r*‘ ’ i ":“._ FY ,_,‘!‘
o 4. A nonhnea: system is mzdéled as below e o,
) y +2y ¥ y +“—"‘—'4‘ T T ,
YT el L - )

T ) Lmeanz.e the above equatlon at the operatmg pomt'wnh Yo=1, Yo —0 ‘

A ;
E (Hint: Set §=y-¥o,%.5y-5) (15%)y " - -
- @ ‘Find the steady state solution of the lmc;arizg:d equation. 10%_)‘
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S The bottom member m Flg 1 is of umform cross SCCtIOI'l and can be -
assumed to be ngtd Find the value of the d:stancex if the lower member is to be ( 2 S— / )

B

i

horizontal. &, - " " IR
. oy * ” ) . - : -
LT N . e, . - : - : ] * l}-"
B * Y - . * ! T
.' ?‘ -| 1' & =" : - = 1' : 1 ? L] * 4 ) i’ " -
ST . QL7 777¢7) - %’m S : H .
L.t r Aluminum Steel - '
- * o 13 mm dia. & mm - . ’
: .round dfﬂd : :
. . - - rguh . .
Ls ~ ' * —> - -
) : 150 mm i + Eg=3 €a .- .
. N - e ] — . N
. g - - . { . ~ r "
L " N S T v
- N r ! - w ’: - - 4 \
s L. A - - . - . .
- L—— QOO.rpm—‘—._ i e S :
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- * @ - L _ _~ . h‘ - -
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Ll - . t - o j am,
2Z.. CA 380 X 380—mm steel’ plate of matenal with @,, ="400 MPa has nocmal -7
: -stresses“only acting on aJl €dges. Stress g, is tension and g, is compresswn. The (:_S—o
. ———rlength’ lﬂ«thq&dlrectlon is reduced by 0.2 mm. F,is equal to 2 by the: maxlmum LN A ) !
-\shear theory Find'the_values of the stresses. .o "
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et m = R

N ', 1‘--., N ,: ;‘, - ' TR
.3 ?ﬂ@~FﬁT““?EA” ﬁﬁl« AHﬁZﬂ@ﬁ a ’Byjjﬁﬁ(shcar modulus) G, = .

2G, 'ﬁjﬁﬁz&j@g}@ﬁ(shear stress)ES 7. {fi B Hﬂ,‘z&f@ﬁ: 6 ; m@ﬁa v
B G, = G :ﬁiﬁ%zm:@mﬁﬁz% S

Q) SHU—K/NE TR (torque) FASRTELL » HUsHES m&ﬂ»‘? ['M] |

(2) HFFA ~ BIPRIRZBABIR] 6. 8B%422.[ 6/3 i )

() TAFZHA TH-(H To) 8557 631 (25%)
@) ﬁuﬁa@am b ﬁﬂﬁm ﬁﬂﬁaﬁ%ﬂfﬁ?ﬁ%ﬁﬁz Tmfﬁ‘? L6h)

ﬁnﬁmﬁ?r%ﬁﬁ'ﬁ%éﬁtZﬁMﬂfﬁFﬁﬁéﬁk %jj P (EFIEE A~ D
B SERER I+ SUREE A Dﬁﬁﬁszzﬁmmﬁa HIEER B Cﬁ%ﬁﬁiﬁﬁuzz (25%)
’ _mﬁMﬁswvaﬁ%ﬁﬁﬁE |

“--‘r{u , ——jﬁ *'é 'I.‘
- < N p




Rl

-

¥ " s . . - . -

L}
"

. Y B AT~

;)'% .‘-‘E = %;}i 'f’ﬁ_ . 190

mm aWIaaamrm

-a’/| ammmammiaaa#aam -ﬂHzﬁmﬂﬂ'

kL 1 IR

o —— P T r—— ry - - m~ o
- -, —u |

- As shown in Flgure I, a fixed vane turns a water jet of area A through

-an angle 0 without changing its velocity: magmtude "The flow i is steady, pressure

is P, everywhere, and friction.on the vane is negligible. (a) Find the components
B, and F, of the-applied vane force (12%). :(b)_Find expressions for the force
magmtude F arid the angle {rbetween F and the FHorizontal (13%)

- T - I

>
|3 . .
. . -
M < 2 - -
- - a - = i
oL T e ow - e - "
- . - . u € . .

'
T
a,
d,
s
.
!
v
¥
¥

. 4 e . =

L R . + .o - -

e o

2, . The drag omra sphere movmg in a. f1u1d is known to be a functlon of the
sphere dlameter the velocrty, and. the fluid. VlSCOSlty -and densrty Laboratory tests
ona 4-in, diameter_ Sphere weré performed in awater tunnel and some.mode! data
are plotted in Figure 2 For these tests the 'viscosity of the;, water was 2.3 x 10,
Ibs/ft_dand the water densrty was 1.94 slugs/fl‘.3 Estimate: the-'drag on an 8-ft
dlametepballoon Jnoving in a1r at a velocity-of 3 ft/s. Assume the air to have a
vrscosuy of 3.7 x. 10 -vle/ t—and a density of 2.38 x 10 < slugs/ft’. (25%).
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3. Cooling wgter is, pumpc_ad from a.reservoir
to rock drills on a construction'job using ... -

, . the pipe system shown. ~The flow rate must”
. V, = 36ny/s

be 135 m3/h and water ntust leave the spray

Pipe, D = 100 mm

nozzle at 36m/s. Calculate the minimum ' aluminum)’
.. . . Total length»L = 210 m
supply pressure needed at the pump outlet. , Joints: 15, each with

ol =
120m

(15%) Estimate the required power input if -
. the pump efficiency is 70 percent.(10%)

(f=0.0136, minor head loss can be expressed,

72 <772
as f Lr‘—-V— or K 4 , for gate valve(open),
D2g - .28’
A
. % =8 ; also,the Height dlﬁ'er_ence between -

Pump

dlla

: wa:tér level and pump outlet can be neglected) ~ '

N - N -

4, The air. ﬂow through the gaps formed at the —

" top and bottom of a closed door is driven by* - cou [ A I I
the local air pressure difference between the .~ 1 | g Der
- two sides of the door. The door separates two T,Ec' (ZT 5
* isothermal rooms at different temperatures, T -
and Tp. In each room the pressure distribution e | - DT*' Py il J P
. _is purely hydrostatic, P¢(y) and Py(y), and the Sal—
height-averaged pressure is the same on bbth e

- —-sides of the door.” .. = -
1) Assume that the air ﬂow through each gap is lammar and fully -

developed. In terms of the geometric parameters indicated in the

figure, show that the air flowrate through one gap is.

D’WH - ) .
, = (o i) S0 " .
where ‘W is the door width in the direction perpendlcular to the plane of
. thefigure.(12%) e

2) What s the net convection heat transfer rate(q) from the warm room
"to the cold room, through the two gaps. (10%) And Comment on how
the quantities(#,q) react to an increase in the gap thicknéss D.(3%)



