Higher Engineering Science Question Paper 2022-23

Candidate 1 evidence

Candidate Evidence

SECTION 1 — 20 marks
Attempt ALL questions

1. A new material is being tested for use in the manufacture of ships.

The range of 0 to A is shown magnified in Figure 2.

Figure 1 . I F%gt}r‘ez

; ; |

The resulis of a tensile test on the material are'shown in Figure 1.
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1. (continued)

(i) State the name of the range 0 to A.
14
Q,‘CLJ'}:L ~ang

(i) State the name of the range A to D.

P/CQS +ic —Cn ge

(i) Calculate, using the information from Figure 2, Young’s Modulus for this

material.
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~ (i) State the property identified by point C on Figure 1.

e Maam (oot
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MARKS
2. Part of an electronic circuit is shown.
5.0V O—I—
8.0 k2
2.0 kQ
"VCC Vout
OVo 1-

{(a) Calculate V- 2

QL

o a——
\/‘.f\ - 1o 3]
{0
\/o2-50° \
- \ v/ o7 30
o - Vv
- —
-
(b) Describe how the gain.of this op-amp circuit could be decreased. 1
‘weramsma Yo yabe oy Ly,
After testing, it was decided to add an additional op-amp configuration to change
the polarity of V.
(c) State the name of the op-amp configuration required to perform this task. 1
V2
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MARKS
3. Abeam used in the construction of a covered walkway is shown.
4.5 kNm™ 1.1 kN
Y
l . 14m ) 0.30 m
| i |
Calculate by taking moments about B, the vertical reaction at A. 3

Gosx 16 = 63k

1 ap 1C01) = (6 3x6-7)

A:lj‘(ﬂ/
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MARKS
4. The speed at which an automatic garage door opens is controlled by a motor using
pulse-width modulation (PWM).
(@ Complete the graph below to show how PWM could bé used to-make the motor
rotate at half speed.
You should 1'nclude at least threg-pulses. ) _ 2
voltage A
9] .
5V — T
oy ——7— =t — ——
o t L 3 &5 b6 +D) 9 il
time (ms)
(b) Déscribe how the-speed of th1‘$ motor could be-decreased using PWM. 1
&4 ' A(/@t}é‘_-ij {/(«c Jpale Live C qeuppS o beites
¢ 43.) 0/ Ly deccesy the tudTtine (Eite
O\r \0-./\3(;3 .
- ¥ —7
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4.

MARKS
(continued)

An alternative method of speed control involves varying the size of the DC voltage
supplied to the motor.

(©) Describe one advantage of using PWM in comparison to varying the size of the
voltage supply. 1

I+ & ease o 2% Ale STre o) Ll Wl!f-’
deddenlg C[/'M/'M/ He 7= o Doy, (tye c
Lz cw)oJ v(wye 2 Pa WMO‘VS “SoLE Stat’
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‘MARKS

5. The capacity of a sports stadium is being increased. This needs an additional stand
to be built on top of the existing structure.

A structural engineer is involved in the design of this new structure.

Describe two examples of how the structural engineer will use their knowledge of
materials in the design of the new structure.

Example 1 ldL e Spo/JfJ Shaficmn Jo fla Sk
do Ywma (iFe s bigh i ampbery feilefle
‘ﬂ“’c‘["““{ ny.nea, U’ls “ kﬂé/w L{/wa- Aeecfetads
{o tefect uwlo ensoca e higlest Jector o4
5%’@13{ needo L, J

Example 2 ’(("4 Skt o @\q‘nze/ wht 50650 howe kﬂorg%
Ok -U& Slrrwsos ke ddf?@u" radrmts  Coq WA

before. gk 4 (L“y o o Yy b Lo (P Fre o e
14/(7(0/ 1% f&g(/;ﬁq‘l/{\ﬂ— ‘qu&/vq[ @xq"’lze/ wi“ Need 45
@_}}IWA—{ /hﬂ {0‘(}1 pA  on 4l V’ﬂf/iLd“’m[-‘? [97 Fl

PQOP(( i ’H"& 5‘!’4}‘/\/"“ /ﬂ,‘g\s,h,uo(/ud 0/([1%&- L\/ ‘-{ a/kﬂ
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needs fo be
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MARKS
6. An electronic engineer has designed a combinational logic circuit according to the
Boolean equation, shown below.
Z=(A+B) (C+D)
Draw a NAND equivalent circuit for this Boolean equation. 3

Space for working

Final answer
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MARKS

SECTION 2 — 90 marks
Attempt ALL questions

7. An engineering team has produced a prototype system to store excess energy from
power plants.

When electricity production exceeds demand, electric motots are used to lift
concrete blocks and place them in ‘towers’, When the blocks are returned to
ground level electricity is reclaimed by generators.

The first block has a mass of 10,000.0 kg. The system that raises this block is 92%
efficient. :

a) Calcul.ate the energy required to raise this block 32.m‘. ] 2
€= r«jh g
= (0,000 % W x32
+ BV us X163

~ 339 kS
= 33oks

_mq;,ﬁ xlo® Loy

—
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(continued)

A second block applies

efficient.

a force of 80.0 kN to the supperting wire rope.

As this block is returned to ground level (at constant speed) its supporting wire
rope turns a generator and electricity is reclaimed. This part of the system is 87%

(b) Calculate the power output from the generator if this block descends 15 m in

MARKS

11 seconds.
,PZ e w O = rva/L,
£ , . c ,
[Boxie 6 = Cg‘OMO x9-8) =98 x /s
- ) ~ 1S o -
= ”'Bf{\/lw (ISX Lew 3

: (30)([063‘

e

The wire rope holding the 80.0 kN block as it is lifted is made from mild steel and
has a-diameter of 48 mm.

(o) Calculate the factor of safety in the wire rope when it raises this block at a

steady speed. -
T.0.3 = e _ Boxto®
Y. 2 T x|

-1 : by B S
- (p’c:l E
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7. (continued)

(d) Describe two economic and two environmental impacts that this system would

have.

Economic impact 1 )(\’\rls COJ[DL L\OU/Q, a ““{)MP On
Lo locd]90bs @y ths macling co)d replee

péoﬂlgs Sobs Cfﬂl lewe ther U/\MIMEJ\ ﬂu

tvod I’\C(UL a_ nu/q,{—-ua :/"]7(!1//' sa e [bau( € ong my,
Economm]mpactz/ﬂ'Lb oMb have 2 905.{—:\/& Lnpat @4/
fle loced . @lonori g {‘ @Leeds Qﬂaﬂf’I Con Lo ched
o grin ik o Cogger 10 g 14
1S aceded. -EL\B GAx helo pgop(g Lu, lowa s ny el

energy bills.
En?ngro ental1mpact1 )A’\ﬁ i 360‘)‘ JrO o QA\fi"!o'\W't—
ad Ir" 3 Morg @3/6—-(.\-2/\1!' @(\J\ 4 a Weth ‘fb
Vb‘l”c”“:\d(‘\ J“’D’Q/ (e ﬂ@uvqfla[a. Aoy,

J J J

Env1r0nmental1mpact21(\’B COJ)J* \nu,JQ, Co ne,aaxf"/e. "‘/“C‘C
or T loce] ervironcent o5 Ay, Jrruc/q apl
Llﬂ“l/«{ ‘\/([66[1‘19/‘4 Lx/()u!al Lﬂ, " -FLQ Jw-ec‘_ Jf-"}ffo &7

U‘lﬂ\‘ll}e. and Ca.uS/r\o( Fol{u-\' on.
J

(e) Describe two advantages that this system has over a chemical battery storage

system for excess electrical energy.
Advantage 1 @Q/ﬁl@(‘b aeed du L»e @Vof&i ay# Oace
vial I d Wil Le DL@%/ e e Conpay i thy
ot o0l by tate b Stmd ey (ot
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*

8. An anti-lock braking system is used to control the speed of an elevator as it
descends. This uses a form. of pulse-width modulation operated by a
microcontroller.

If the speed of the elevator is too fast, the brakes will increase the proportion of
operating time.

The table below identifies the connections to the microcontroller.

Input Pin | ~ Output
L 7 brake
Vground level sensor 1 »
speed sensor (a_nalogue) b}

The system must perform the following steps.

Values for mark and space both need to be initially set to a value of 100
A reading must be taken from a speed sensor and its value stored in variable X

If the value of X is greater than 128 then mark increases by 1 and space
decreases by 1

If the Valu_e- of X is smaller than 128 then mark decreases by 1 and space
increases by 1

If the value of X is 128 then mark and space do not change

The brake must be switched on and off for the times specified mark and space
(this will be in millisecends)

The process must continue until the ground level sensor is activated
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MARKS
8. (continued)
(a) Complete, with referénce to the specification and the input/output table, this
flow chart for the control of the system. 8

START

L
| ™~
rset Mark to 100

set Space to 100

sfore reading inX
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MARKS
8. (continued)
An alarm (Z) is part of the elevator’s operating system and needs to be activated
under the conditions given by the following Boolean equation.
Z=A+(B+C)
(b) ‘Complete the following flowchart to perform the function described above. 3

/ switchon Z /
STOP

SQA | www.understandingstandards.org.uk 14 of 104



Higher Engineering Science

Question Paper 2022-23

Candidate Evidence

8. (continued)

tachogenerator.

6.0V 0—

[

22 kO

An alternative system to control the force applied by the brake is also tested. As
the speed of the elevator varies from a reference value the output of the circuit
changes propertionately. The speed of the elevator is monitored by a

56 kQ

+9.0V

22 kQ

A

0V o— SN

be23V.

VOUT

2.0V
56 kQ

When testing the circuit, the voltage from. the tachogenerator (Vo) was found to

{©) (@) Calculate the resistance of the variable resistor in the circuit shown
above when the output voltage of the op-amp is +4.5 V.

MARKS

tr
L -« Sxtu’%ﬂi.x y O 303 I I§fl')ffz>:”-)'!zfz,
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8. (c) (continued)
(i) Describe, with reference to the circuit, how the reference speed of the
elevator could be increased.
By ncomdiny Ao talve Of S5 o
V Y, , |
locresy) the vele 9+ <.
N ) ’
[Turn over

MARKS

SQA | www.understandingstandards.org.uk

16 of 104



Higher Engineering Science Question Paper 2022-23 Candidate Evidence

A system is needed to alter the position of a solar panel so that it is constantly facing the
sun during daylight hours. If one sensor gives a higher reading than the other, a motor will

turn the panel in the brighter direction.

A preliminary design of the control circuit is shown below.

60vVo
15k0 H 1.5 kQ H ZS;’
+9.0V
> 47 kQ
A
+
9.0V
Va
LDR, H j; LDRg H :ﬁ
0vVo
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9. (continued)

The characteristics of the LDRs are shown in the graph below.

A2 S =TT
10 7 ILDR type ORP12[H
3
N
10— : :
g 5
- 3
(&
2 ;
2 1.0 7
o 5
S5 3 ;
8 .
10 Z
5
3
-2
10 357 357 357 357
1.0 10 102 103

illumination (lux)

(a) Calculate V, if the light level on LDR, is 20 lux.

10*

S x b

Var e

£

- Y. ¢

A

MARKS
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MARKS
9. (continued)
Part of the control circuit is shown below.
60VvVo
+9.0V
4.7k}
-9.0V
0Vo
(b) (i) Calculate the base current to the transistor when the op-amp saturates
positively.
Assume VY, is 0.70 V. The op-amp output saturates.at 75% of the supply
voltage. 3

(—kj Y0t 7 3TV
-1t
\/ ”Ig,l

4= ——
A s
- LA

-
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9. (b) (continued)

The relay has a resistance of 5.0 Q.
(i)} Calculate the minimum current gain of the transistor to ensure it is fully
saturated when the op-amp is saturated positively.
be = = Z
‘ - T e« & -
F& ,)‘b r
Tete L2 - &6
Y —————s
o™ v
S ((zA
- loé8l
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(continued)

While testing the circuit, V, was found to be less than Vg and the motor rotated, moving

the solar panel towards the sun’s position.

LDR,
A

LDR;
/

—

TOP VIEW

i e b 4

inahnaags

b4 '
VT
a w
7 LDR,
LDR,

FRONT VIEW
6.0Vo * -
H
N
1.5kQ 1.5 kQ) !
+9.0V
- 4.7 kQ
A
+
A
-9.0V
Va
LDR, 5 L.DRg H ‘; Ve
0Vo—e
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MARKS'

9. (continued)

(c) Describe, referring to the circuit on the opposite page, what will happen as the
solar panel moves.

Your answer must refer to the input voltage dividers, the op-amp and
fransistor, and the relay and motor. 6

Input voltage dividers _{ } o peves wéS‘f’J LOZa it
[0, s Wi Cedece Ho vabe  fo, V,
(\'}— i Quves Ladt L'O'q/&)’/. L()Qs b lll dncoese

ks il /‘ei«/z_a e Lakoe ]1.0, Vie
e l»jjtw Yo lghy lelol e snetle o vote
5‘9-/ ‘VA‘/'\/L@

Op-amp and transistor ]3’ gy Lregt \/A < \fe S0 #
QD Seotv the Op-an? wik  Satvmfe posituely
lr 1% pos et \pp<p Visy, o

K prap wit e gl

Relay and motor_13a2ed on Wt He  0p oo

LI Sabriade _ppsitecly 7 fegapaly tl
hrcotre, o e rn il
\3’% Ligld bevel = LL??!../ the <vfpt Lolége
?a—l‘am '(/l:’a Lp-cp will be loq/a/v, Shatzahen

@l how jast the Mutos Lorns s le,,, + W he
S:/n,J ’ ,
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MARKS
9. (continued)
The op-amp control circuit uses two-state-control.
(d) (@) Complete the graph below fo show how the output of a two-state control
system.changes as it approaches the desired output. 2

output

desired | e

output

0 aE

(i) Describe the impact that this type of control would have on the
mechanical output of the system, 1

el ) 2 pedy ot wwayt beset
R )
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MARKS'
9. (continued)
An alternative control circuit is also tested.
60Vo »
Ry
+9.0V
R;
I+| _
VOUt
LDR, LDRy
ovoe *—

() () State the type of control produced by this type of circuit. 1

K0 L3nde

(i) Describe the difference hetween the control produced by this circuit and
a two-state control system. You can use diagrams or graphs to illustrate
your answer. 3

[Turn over
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under which one of the cylinders must outstroke.

10. An engineering team is experimenting with different control systems to operate a
number of pneumatic cylinders. The following truth table shows the conditions

A B c D z
0 0 0 0 0
0 o | o 1 0
0 0 1 0 i
0 0 1 1 0
0 1 0 0 0
0 1 0 1 0
0 1 1 0 0
0 1 1 1 0
1 0 0 0 0
1 0 0 1 0
1 0 1 0 1
1 0 1 1 0
1 1 0 0 0
1 1 0 1 0
1 1 1 0 1
1 1 1 1 1

(@) Write a Boolean equation for the output Z.

z-_C~ ( 5+CA'G))

MARKS
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10.

(continued)

A second cylinder operates under the following conditions.
X=A-B®(C-D)

(b) Draw a logic diagram to perform this function.

[Turn over

MARKS
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10. (continued)

Two further cylinders are to be controlled by the following circuit.

® ® s

L]
@ 1

T
W
A
¥
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10.

MARKS
(continued)
(@ (i) Describe the operation of this circuit, highlighting the function of each
component and the conditions that will cause the cylinders te instroke
6

and outstroke.
WhenV,. .. 12 p(edswl and \/a VA mw‘w
v passes 1 L’C’vo/\ Yy m? Ji"“’“&s Ve -PL,M( Sorh
(p(lo'o'— o 90 V ’Vt‘f‘(/{\ N2 O ASkcoxe C, .
4}/[* A5 ar alse Haels r}(/o,,/;, o tithe
i’/{‘“’\ fo aclvate Vg. Ahis il O fSivbe
¢ Pustin the boHon oA U, , sttty
boqss uil Lok PIOY ose back g (/G
bot e fo S botbas,va v, and U bery
i sperq loadel a0 conflich \iut oacw,ﬁé
W nstoe Cy Ahe o Ut elsp go 2 U

W Wit cer O o nghke, dlad Ao gton

Vg e oTee e gpaflict v ace wd
B Sty lt 4 Hoe SWE, 0T Un,Vis and Ve o presced, o

The engineering team are conSIdenng changing the circuit shown opposite to
one that is operated by a microcontroller.

(ii) Describe twa reasons why using a microcontroller-based system is
preferred to a fully pneumatic system.

pMrerg rariugirests  Cu Lz Cefe ratle
Yo S8t O~ - Opp

S, Comressal e on bt degoons.

\x c(,\(,g,,gwan)u) wdet B Lo Lul,tm, ottt

Moy cp l/‘w“@/ 2N Olﬂ%ce, of Prdlv(vws aLc'.,rm? yor

e (ghag o~ ofler ifves.
ke 7
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10.

@ o

@i

(continued)

in order to use a microcontroller-based system, solenoid valves need to be used.
The following circuit has been designed to actuate one of the solenoids.

6.0V o—o

7

VGATE 4'

ov

The solenoid is rated 12 W at 6.0 V. The MOSFET has a resistance of 0.70 Q when
switched on.

Calculate the resistance of the solenoid.

Calcutaté the cufrent through the MOSFET when it is fully switched on.

\/2 1\

£

\= —
- $.6A

MARKS
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11.
between two high rise buildings.

‘During a- const}'uctiqn project in.a-city centre location, a lifting platform is installed

‘@36.mm _ ‘

~

(a) Calculate the toad carried by this membér.

One of the members in the structure.has a crass:section as shown below, with an
internal diameter of 31 mm, and an external diameter of 36 mm.

@31 mm

This mild steel member has a strain of 4.6 x 107 when éubjected to a load.

MARKS

£=19%
=

r B 65—

6 = G txioTx |90u0°

» 9. 0l6 wasP

Fzg.0l6x 3357w
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-

he 7= °
TrTA36°
= \}f{éﬂ‘z
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129672 G\
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11.

(continued)

A motor-driven winch system is used for tifting construction materials with up to
12,000 kg of mass. The windlass, with 320 mm diameter, rotates at
12 revolutions per minute.

motor

(b) Calculate the mechanical power required by this motor.

P?zl‘ch

1z e
-.((Lf,ooox q .%) y@:ww) .

- 1.0 KN,

P - 2%0.2 %7 -8xt?
- 'L?),ékw ~-

—

——
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11. (continued)

suspension.

Later in the construction project, the lifting platform supports cables used to
suspend a concrete beam above the site until it is ready for positioning.

The diagram below represents the concurrent force system while the beam is in

9.2 kN

6.7 kN

(c) Calculate the magnitude and angle-of the force F, required to maintain
equilibrium. -

MARKS

Eo=—=57

Fes©= 10

Fhae = O0.C|
\;s‘:?\?@ 0-6)

e

'ﬁS‘H =)

me.:o:-s—é
G- 19°
o 0.6

Cad Sin2?

(AN S ¥596 = S 4min3e+ 6 Flos 22

Q-2 x CosF| 4 (Axgazes S 4xlsss tFESe

F= (L Thwn «t 29°
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12. The free-body diagram for part of a structure and its loading is-shown below.
24 kN
BY b
T
50°
A L"29° . —
T C
31 kN
Calculate, using nodal analysis, the magnitude and nature of forces in members AB,
AC, BC, BD and CD. o
Show all working and final units on the page opposite.
Complete the table below. ) ’ 8
Mehber 7 Magnitude Nature )
AB 4 §ien strut
AC Ky, tie
BC Sk Lie
BD SN | Steet
D U3 kw Steok
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12. (continued)

Space for working 5:;2’

node A
MG Singo = 31
A L4
AB-G 3w
31 kN Ace Alos ¢ o
node B
24 kN

TG4 483ingp = BC
sY

_é~U~;€;;—"ﬁ B¢ =55 KA
Ryt o

- BDe 3 FhHW
node C
s¥ 21 4(/05‘,41‘7—‘ v
- 29 / (O - I1I13kw
4 C S —

[END OF QUESTION PAPER]
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Candidate Evidence

SECTION 1 — 20 marks
Attempt ALL questions

1. A new material is being tested for use in the manufacture of ships.

The results of a tensile test on the material are shown in Figure 1.
The range of 0 to A is.shown magnified in Figure 2.

Figure 1 Figure 2
A ¢ A

D 400

B 350+

300

250

200

stress (Nmm™
stress (Nmm=2)

150 -

100

50

= - - 0
0.002 0.020 0
strain

0.001
strain

0.002
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1. (continued)
(a) (i) State the name of the range 0 to A. 1
Yo‘e\ct
(ii) State the name of the range A to D. 1
(b)y (@ Calculate, using the information from Figure 2, Young’s Modulus for this
material. - 1
E - g
E
oo
E- 0-0&
-2
E= 00, 000NKmm
(i) State the property identified by point C on Figure 1. 1

UlRmsfe Stregs
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2. Part-of an electronic circuit is shown.

5.0V
| 10.0 kQ

8.0kQ
+V,
T 50.0 kQ «
1 -
J_ :
. ‘ - . +
20k | | |V,
_VCC Vout
OVo I

{a) Calculate V.

Vo = — EZ-C:‘_ XV

1o s
Vo = — %
[~ 5_0
£
Vo = -l v :

(b) Describe how the gain of this op-amp circuit could be decreased.

B._, thereageng the gesStonce
- J J

After testing, it was decided to add an additional op-amp configuration to change
the polarity of V.

(c) State the name of the op-amp configuration required to perferm this task.

, nverbay  op- omp
-~

MARKS
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Lyl By = 6.3%

RBp = ©-33
Gl
R = 0-eTkn

MARKS
3. Abeam used in the construction of a covered walkway is shown.
45 kNm™
| . 14m ] 0.30m
| ) T
Calculate by taking moments about B, the vertical reaction at A. 3
h . q‘-S&l"ﬁ'E"S[m
(\" X 0'3) = (Q.?J b4 O-“I) ‘2\3
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4. The speed at which an automatic garage door opens is controlled by a motor using
pulse-width modulation (PWM).

(@ Complete the graph below to show how PWM could be used to make the motor
rotate at half speed.

You should include at least three pulses. 2

voltage A
4]
5V

RScrpble  Crdlecld
Shadins  nof andstofee.

Bl = ==
% =| | =
| [&=2
2| |%5| |75
dAvdiL=
_ ‘,/%\
IRKNE S

ov - . -

time (ms)

(b) Describe how the speed of this motor could be decreased using PWM. 1

TM Sreml . of "ﬂi rofer . C,aulel ée CA&CM‘&J

VS Py b; demeo&hj e Vol-’-oje
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(continued)
An alternative method of speed control involves varying the size of the DC voltage
supplied to the motor.
() Describe one advantage of using PWM in comparison to varying the size of the
1

voltage supply.
Wk PWM vou  de't pase  to cpngtenth

Rplace . mecrubdie. WA T Vorgag the sShe  4ou

beve o Congtontly Coples  the  Size of te wise

Sﬁfpfj »
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5. The capacity of a sports stadium is being increased. This needs an additional stand
to be built on top of the existing structure.

A structural engineer is involved in the design of this new structure.

Describe two examples of how the structural engineer will use their knowledge of
materials in the design of the new structure.

Example 1 _The  Skevchoraed engneec would elevate

the Gres  wely  on the  smotecials So  thot

tF Wodda’t collapSew  tondet OresSure.
Example 2 The  Steoeboral enjmer voale CN\cJ?SQ yhe
Propertes of e rmatertods ‘o See oL b s
o \othstoedd  the paforsd  @lements.

MARK:
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MARKS
6. An electronic engineer has designed a combinational logic circuit according to the
Boolean equation, shown below.
Z=(A+B)« (C+D)
Draw a NAND equivalent circuit for this Boolean equation. 3
Space for working
=
C

A
T DD —
(_—-—rjr’r

D_;——-—-—o
Final answer
K on adtsivoal  Popes BE o He
baer %
A Gy

L_Da____
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SECTION 2 — 90 marks
Attempt ALL questions

7. An engineering team has produced a prototype system to store excess energy from
power plants.

A AT A AT AV AV S

When electricity production exceeds demand, electric motors are used to lift
concrete blocks and place them in ‘towers’. When the blocks are returned to
ground level electricity is reclaimed by generators.

The first block has a mass of 10,000.0 kg. The system that raises this block is 92%
efficient. : :

(@) Calculate the energy required to raise this block 32 m. ] 2

Er= "ﬂj N O-QZxS\%o&b?m

Ee <loeee xagxy

E? 3nboco X
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(continued)

A second block applies a force of 80.0 kN to the supporting wire.rope.

As this block is returned to ground level (at constant speed)-its .eupporting wire
rope turhs a generator and etectricity is reclaimed. This part of the system is87%
efficient.

(b) Calculate the power output from the generatorif this block descends 15 in.in

MARKS

11 seconds.
> = l'L‘:- —— —_—
Pormer $n
—
A
‘ P k—‘zg‘s's'lzb 262293
AN & O adlomat PosaS

The wire rope holding the 80.0 kN block as it is lifted.is made from mild steel and
has a d1ameter of 48-mm.

(c) Calculate the factor of safety in the wire rope when it raisesﬁt“lli:s b_l_o__ck ata

steady spéed.
FoS: vs = ¥
S5 ~
Fes = 430 T =¥ereee go
V-6 '_Eé'_“"?_ Ly
Fog = 26803 AN Ll
Fos = 2TT0

p——
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(d) Describe two economic and two environmental impacts that this system would
have. 4

Economic impact 1 “-' ‘\,"-'0'-"\“9 . peovdde  Job opporhesbed

ete...

v

E¢onorhic impact 2 ﬂz fynm J3 . cheeper  ¥o . Shore

B Stheé 5‘"4"_5.. Chentesd. Bo.l-k:';,’s ore . iore Ekp;z%{

B ke, sed.

i . ALt L ‘

‘Environmental impact 1‘.‘“"3 S Qtlo-ng"j_)' S A o
Yhey/re

Store _eretey  Sonce %Lza-’r nol be&)f __ Shered

’Jrvsﬂ"e, _ f‘fe . Paer, plonks- . . ..

Environmental impact 2 _Neerby——cesidents . No——bitd s —
E ] L it i L. v q
wherariny o7 Cones L JE TReEAT %—%—?——L@“’h .

i 5;_.-53 hoBotelS  cnew ke alpcted by cpelldien
?aglumn bey Sl m _electded  erefpy ﬁ‘&’\

P’“"""‘- ?1:-—\‘1"5 . B
(e) Describe two advantages that this system has over a-chemical battery storage
system for excess electrical energy. 2,

Advantage 1.{€ _there, &8 &«  \eok  chemdonds  wen'

SPIM fgordng  OFS . SafeC..

Advantage 2 ~E7¢cﬁn}@/_‘, w’ﬁ'j ds  Safer,  heder Gr e

Ertwroment  Fo ,;Ex._ée thor . Hhon A;Sforbj _ Chrpdeod

T
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8. An anti-lock braking system is used to control the speed of an elevator as it
descends. This uses a form of pulse-width modulation operated by a
microcontroller.

If the speed of the elevator is too fast, the brakes will increase the proportion of
operating time.

The table below identifies the connections to the microcontroller.

Input | ‘-Pin Output

- 7 ‘ 7 brake
ground lével sensor 1
speed sensor (analogue) | 0

The system must perform the following steps.
« Values for mark and space both need to be initially set to a value of 100
* Areading must be taken from a speed sensor and its value stored in variable X

» If the value of X is greater than 128 then mark increases by 1 and space
decreases by 1

« If the value of X is smaller than 128 then mark decreases by 1 and space
increases by 1

» If the value of X is 128 then mark and space-do not change

* The brake must be switched on and off for the times specified mark and space
(this will be in milliseconds) ,

+ The process must continue until the ground level sensor is activated
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8.

(continued)

() -Complete, with.reférence to the specification and' the input/output table, th]S
flow chart for the control of thé-system.

| set Mark to 100

N

set Space tﬂql 100

store readmg in X

-MARKS
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8. (continued)
An alarm (Z) is part of the elevator’s operating system and needs to be activated,
under the conditions given by the following Boolean equation.
Z=As+(B+C)
(b) Complete the following flowchart to perform the function described above. 3

Y
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MARKS

8. {(continued)

An alternative system to control the force applied by the brake is also tested. As
the speed of the elevatar varies from a reference value the output of the circuit
changes proportionately. The speed of the elevator is monitored by a

tachogenerator.
6.0V 0—
56 kQ
15k | | o-%v —
+9.0V
e 22k0
| pa—| _
“ - —O VOUT
Viacho *—__1 +
22 kQ 9.0V
Vir
ikt g 56 kQ
_—
ovo

When testing the circuit, the voltage from the tachogenerator (Vy,c0) was found to
be 2.3 V.

{(© () Calculate the resistance of the variable resistor in the circuit shown
above when the output voltage of the op-amp is +4.5 V.

¥ next Pa_?@ )(';
—_—

&
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8. (¢) (continued)

(i) Describe, with reference to the circuit, how the reference speed. of the
elevator coutd be incréased.

MARKS

e Spead . coutd  be  Swcceased by decresgh,

fhe  eSoSter  welues.  So Yhet smare ¢ aivent

Cam o,

N
AR Y

o-H ey »
:6 Ry
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9. Asystem is needed to alter the position of a solar panel so that it is constantly facing the
sun during daylight hours. If one sensor gives a higher reading than the other, a motor will
turn the panel in the brighter direction.

A preliminary design of the control circuit is shown below.

6.0V o—y ’ .
=
15kQ |, 1.5 kO A i
9.0V (R
I = 47 kQ
+
y 9.0V
sko LDR, ,’; " LoR, ,’;
0Vo—e .
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9. (continued)
The characteristics of the LDRs are shown in the graph below.
102 e
/ |LDR type ORP12[
3
10 i
= 7~
g 5
e 3 N
(%)
c N\
g 1.0 7
] 5
= 3 y
§ N,
-3
10 7 =
5
3
-2
10 357 357 357 357
1.0 10 10% 103 10°
illumination (lux)
(@) Calculate V, if the light level on LDR, is 20 lux. 2
2° Wi = Spooni

2
— RV
=~ 5
Vi ~ F
4 —_— st
b5
VA = Ligy
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9. (continued)
Part of the control circuit is shown below.
6.0Vo
o e SOEEE
1
1
N
+9.0V
47 kQ
~9.0V
0Vo
(b) (i) Calculate the base current to the transistor when the op-amp saturates
positively.
Assume V,, 15 0.70 V. The op-amp output saturates at 75% of the supply
voltage. 3

Eeo.7 = S.32v

O-7x 5.3 = 348V
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9. (b) (continued)

The retay has a resistance of 5.0 .

saturated when the op-amp is saturated positively.

(i) Calculate the-minimum current gain of the transistor to ensure it is fully

V=3I %
53 = xS

LGE = ‘o

ik

hée \-ob

C'8Y

he — V25

[Turn over
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9. (continued)

While testing the circuit, V, was found to be less than Vi and.the motor rotated, moving
the solar panel towards the sun’s position.

LDR, LDRy
-/

[l
[
L
}
|
[
3

TOP VIEW
]

i

FRONT VIEW
6.0Vo
1,5-kQ H 1.5 kQ H
A
A
LDR, '; K LDR; H’; Vg
0Vo—e
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. 9. (continued)

(¢) Describe, referring to the circuit on the opposite page, what will happen as the
solar panel moves,

Your answer must refer to the input voltage dividers, thé op-amp and

transistor, and the relay and motor. In Lbe

Input voltage dividers _Wlea  Pff  leve! deops resistence

Brrmetzs o Ve oz e Hnereases W ikeh resoffs

{)4, Heo e \rana.;e To ba Lh-ﬂw thee L‘D"Z,A,

Sihsee Lorsts YWk feel  Mereges  Se  peshece

And  vidoge fer  Lpna Vs low~.

Op-amp and transistor _Sixee  Lbeg?s  wikge o Ryler

b Lorg's Hywt Frams Yt the op~ omp

lwot! Saborate pogotnely reSell  n He romgghe-
1 . i

Yo GudFCh e S e velbose & ab-ve o-"7Tw

Tie @SSt oyotacts tie Yremgigies Ewmn toe rencet,
Currenk.

Relay and motor__Sehee  tle  troesrsber o3 oa A

mEons ot e rebay | Sl stche S o~ ik LonSeX

Iz I o C"n-n;e Shefc VA Y. LowSa3 e 12+ e

Clo _'P‘“ Ha  mgbor Sttty de fa. _H2

Mwele PreskCB e velc_»ly Ceorm Dot =mY.
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9. (continued)
The op-amp control circuit usés two-state control,

(d) (@) Complete the graph below to show how the output of a two-state control
system changes as it approaches the desired output. 2

output A

desired |
output

. >
0 time
(ii) Describe the impact that this type of control would have on the
mechanical output of the system. 1

_lIl’S Wv‘ Cowse 4ae rcAordcod Bubpuf

4o @ . Never reach  He  desyed | ool pob
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9.. (tontinued)
An alternative control circuit is also tested.
6.0V o—e
Ry [

LDR,, l

ovo
(e) @) State the type of control produced By this type of circuit. 1

P\“u Por Renal

(i) Describe the difference betweén the controlproduced by this cireuit and
a two-state control system. You can use diagramis of graphs to itlustrate
your answer.

[Turn over
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10. An.engineering team is experimenting with different control systems to operate a
number of pneumatic.cylinders. The fellowirig truth table shows the conditions
undér which one of the cylinders must outstroke,
A B C ‘ D Z
0 | o 0 0 0
0 | 0 0 | 0
0 | o 1] o | 1
0 | o 1| 1 ] 0
0|1 0o | o 0
o | 1 o | 1| o
o | 1 1 | o0 0
1 ) 0 ‘ 0 ‘707 0
i 0 o | 1 | o
o]t o]
N RN
_1 “ 1 0 0 ‘0
1 1 o | 1 |0
1] 1 1 0 1
1 1 1 1 1
(&) Write a Boolean equation for the'qutput Z. E 2
1 (An20) s (4 3.2.0) +(R5.2.5)
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10. (contiriued) | : I
A second cylinder épérates under the following conditions.
X=A+B®(C+D)
(b) Draw a logic diagram to perform-this function. - 4

| A —e—
B

P

¢

[Turn over
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10. (continued). .

Two further cylinders are to be.controlled by the following circuit.

. G

M@
N>

ik
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10. (continued)
(¢ (i) Déscribe the operation of this circuit, highlighting the function of each
component and the conditions.that will cause the-cylinders to instroke.
and outstroke. 6

WhenV,... .35 _pressed asads——adir ard  edther

Vg or.. Ne % ‘g:vessecf mebd  odr Clows  +e

Ve ond dhe g Cowsde G Yo ool Siofe,
. = Ex g = -
mwlg(e;{,bﬁr Elow-s . Ao ke _ und-Svecfrened | cesteier

7

o referved fovide a  Hee ,oldo:;f _and

thto Vl'-c s comvter (s o _outsiroke Wiieh

ockvefs N, . Coitg Pt o h flows Yoo

Vor  Losong Cy Yo . dnsheke ~eanvbier | plef, oor

floes Jowm o Vg hkh  cosee &t dshoke

W desile &, gofs  pushd  beok o lhonges

Yo ptt o weh Qs o Mg wiveh Lol

e the Aty ovr  Suply G Ny o Ve Thiy
lofos Y= @SM Yo fesef.
The engineering tedm are considering changing the circuit shown opposite to
one that is operated by a microcontroller.

(ii) Deéscribe two reasaons why using a microcontroller-based system is
preferred to a fully pneumatic system. . A 2

Vi ._n@ucn}ﬁf@w‘ I, Me.t‘j i Sr“oi’ ordl  Compact

MEordng ek Nou. At ne et o Soamd
=g ~

a Ei‘lﬂ

e

of ey  on Br  Lompenents. s eldo  @cgy

to.. repodr Zoee M you ke, b de . v

4

le-progoane

Fotlar ‘H’r.m Fcpfa;fbf, . e ?a.PfS -((an—,,oor-mps‘\.
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10. (continued)
In order to use a microcontroller-based system, solenoid valves need to be used
The following circuit has been designed to actuate one of the solenocids.
6.0V o—1
Voare v|
oV
The solenoid is rated 12 W at 6.0 V. The MOSFET has a resistance of 0.70 Q when
switched on.
(d () Calculate the resistance of the solenoid. 1
Py
14
‘2= 67
TX R’
R = 6*
2
=34
(ii) Calculate the current through the MOSFET when it is fully switched on. 1
Ve T T
é —Ix o 70
otoT— 6
T=5
oo
T 848
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11,
between

two high rise buildings.

- )://\‘_J

'

During a construction project in a ¢ity centre location, a lifting-platform is.installéd

71 |

@36.nf1m

(@ Calculate the load carried by this member.

One of the members in the structure has-a cross-section as shown below, with an
internal diameter of 31 mm, and an external diameter of 36 mm.

— @31 mm

This mild steel mefiiber has a strain of 4.6 x 10~ when subjected to a load.

MARKS

e

A< wd?
o

' A -:tCss.?\i

P

L

AT AT mem

;ATr_ 41“ A(
‘Ax = oM. 88=Tsy 4

§ X 263 8’

/AQ':‘ECAY

l‘
Az tex36t
o

A'L = “3\7-2%91.--\?

o= F
A

et v

|

Liute™S = F

2631

© = Lobwtom 2 263440
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11. (continued)

12 revolutions per minute.

A motor-driven winch system is used for lifting construction materials with up to
12,000 kg of mass. The windlass, with 320 mm didmeter, rotates at

motor

(b) Calculate the mechanical power required by this motor.

. T oo xlés

p————

= l‘38i5§°§ﬁm

—fe o < 9E

K 2T 5 7
= \J6o0
IR =
/MX
P =Reesmwse —
) c'-'.._"
=Y -
P=—Ygosieo, T =lree o x0-%
I - ——cmti
T2i6= 0 vevsS mpar  Scrend S :
T= Fr R,oeon X2 = \WTboeN C=32e 2
r=1bo

P'r— ?ﬁ. r\T
? s Zax0olx 8 Lo
P = 23 v seaw

MARKS
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11. (continued)
Later in the construction praject, the lifting platform supports cables used to
suspend a concrete beam above the site until it is ready for positioning.
The diagram below represents the concurrent force system while the beam is in
suspension.
9.2 kN
22°
5.4 kN
6.7 kN
(c) Calculate the magnitude and angle of the force F, required to maintain
equilibrium. 6
v= o o= O
¥f = 1 - Ca—

* . gl
G2 St & F =6 T5m2R b Siysaas QU 2asly 6T¢osR2

8.Jo0r = 3.5 & 3.\o R:-"lo»w‘&z?
=28 4310 R= 2N
S’.‘]Q
v = o©.64¥N ?
§=«+=O‘ Zjo.w
g = Cam ks Aeon—

GesTi+ 6 TeoSeY = F-Heesn 5 ~ T Tomb= ©
249 + 621 = WME A

A
= Tl o-8%
€ = yaarbért @ (&=

L.t ©=\"1.y°
F= 2N o< \82
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12. The free-body diagram for part of a structure and its loading is shown below.
24 kN
BY. o D
e -
50°
A 2L oL L 2 & —
C
31 kN
Calculate, using nodal analysis, the magnitude and nature of forces in members AB,
AC, BC, BD and CD.
Show all working and final units on the page opposite.
Complete the table below. 8
Member Magnitude ‘ Nature
AB T strut
AC b5 tie
BC b Stof
BD BN Strot
CD 3.ThN Toe
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12, (continued)

Spaée for working
node A Fas 2 Fap = 3
AZ €nc
31 kN
node B

node C

[END OF QUESTION PAPER]
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ab

[ ?=

\Lorkdy

[P = 28T e
\\

P - 262283WwW

Q==

ADDITIONAL SPACE FOR ANSWERS

(A-w) - (C V)

EP = "‘lal\
Bp = 16327 x9-8x s
Ep=\loo0,0005

©- 37V |, 200 008
?ou\' = i, oMYy, 000 I

Zo, 000 = 8
= 3163.2 kj

MARKS

SQA | www.understandingstandards.org.uk

69 of 104



Higher Engineering Science

Question Paper 2022-23

Candidate 3 evidence

Candidate Evidence

Figure 1

A

stress (Nmm™)

SECTION 1 — 20 marks
Attempt ALL questions

1. A new material is being tested for use in the manufacture of ships.

The results of a tensile test on the material are shown in Figure 1.
The range of 0 to A is shown magnified in Figure 2.

Figure 2

¢ A

D 400

350

o o

300

250

200

150

stress (Nmm™2)

100

50

0.002

- 0
0.020 0
strain

-
0.001 0.002
strain
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1. (continued) -

(@ (i State the nanie of the range 0 to A.

elashc _ a/ge

(i) State the name of the range A to D.

{o(ma@%p

material.

(b) (i) Calculate, using the information from Figure.2, Young’s Modulus for this

&= = 20,000 Mum
E :-'ZO lé'(l(mm ~L

S

U ihmade Jdens te Stiess

(i) State the property identified by point C on Figure 1.

[Turn over
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2. Part of an electronic circuit is shown.
50V :
|‘ 10.0'k2
8.0k
+V
‘ 50.0 kQ «
2.0kQ Vin
-V, Vou
Q“\ I cc t
0Vo - :
ii - Y
(&) Calculate V. ~ 2
Z.OO @ 0:5m4
Uu’( = o “_'[.V
% N
Va - - Z‘ix Ul
- “(O(OOO
T ;
=.0% Ll/ ; |
=
). \ :
6‘
(b) Describe how the gain of this op-amp circuit could be decreased. 1
bq o’lecz‘eaﬁuzq Te fesstans oL fle
decréasin
(@@fm @a&s - by S (E3cfance
A \J
After testing, it was decided to add an additional op-amp configuration to change
the polarity of V.
(c) State the name of the op-amp configuration required to perform this task. 1
hertea aump (e
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3. A beam used in the construction of a covéred walkway is shown.
45 KNm™! 1.1 kN
Y
| ‘ el
A 3
| 14 m ] | - 0.30m
] ) ’ |
Calculate by taking moments about B, the vertical reaction at A. 3
2 Mg = O GO = Groxle

= 6(3fc'ﬂ( QO(?M

yan ;@‘3KO'?>+Q'[KO.}5> )
Kixhice = o (T 8033 e
(4= SeBEST ... A0

ﬂkt 6‘@k§(
S
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4. The speed at which an automatic garage door-opens is ¢controlled by a motor:using
pulse-width modulation (PWM).

(a) Complete the graph below to show how PWM could be used to-make the motor

rotate at half speed.
You shiould include at least three pulses. 2
voltage A P
.M '

5V A= JF

0 V—A—f—bs e

time (ms)

(b} Describe how the speed of this motor could be decreased using PWM. 1

Paa:v/\,d@w@&? dep@nsualoqt o
\Wgea [ (@mﬂ L e aM!szza
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4,

(continued)
An alternative method of speed control involves varying the size of the DC voltage
supplied to the motor,
(¢} Describe one advantage of using PWM in comparison to varying the size of the
voltage supply.
Wele ade — amd. [eas Lrsied 8%6’@@ |
[Turn over

MARKS
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5. The capacity of a sports stadium is being increased. This needs an additional stand
to be built on top of the existing structure.
A structural engineer is involved in the design of this new structure.
Describe two examples of how the structural engineer will use their knowledge of
materials in the design of the new structure. 2

Example 1 %5@ Mm o@ Pf&@mﬁlﬂ]
potenels do cugore (hat 3 Shadim

Example 2 ﬁ.@%h 5@ Sﬁbﬁ@?z‘{ (1§ %k EO it
v agnoast- u@f‘ @fur e %MM@M}/
Maenel anomobes a@lﬂw @d@ﬁu\@{e
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Boolean equation, shown below.
L= (m) . (C +D)

Draw a NAND equivalent circuit for this Boolean equation.

6. An electronic engineer has designed a combinational logic circuit according to the

)

MARKS

Space for working

0 —=(6¥
8 |
¢ L/ ) f
P —H B[ A
Final answér
Z.
O ————

oot
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SECTION 2 — 90 marks
Attempt ALL questions

7. An éngineering team has produced a prototype system to store excess energy from
power plants.

G )
=

When electritity production exceéds demand, electric motors are used to lift
concrete blocks and place them in ‘towers’. When the blocks are returned to
ground level electricity is reclaimed by generators.

The first block has a mass of 10,000.0 kg. The system that raises this block is 92%
efficient. - =

e

22l oras
6F: I | 753 &60

| :éo, Jeo) X@c?)( 32

= 36000 g BES(20

(@) Calculate the energy required to raise this block 32 m. 2

‘ G5+ 3138000
= ZEES (20
€ = 1685 MI
E=3r

——
—_—
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(continued)

A second block applies a force of 80 0 kN to the supporting wire rope.

As this block is returned to ground level (at constant speed) its supporting wire

rope turns a generator and electricity is reclaimed. This part of the system is 87%

efficient.

(b) Calculate the power output from the generator if this block descends 15 min

11 seconds. 3
E=fd B
=
= &3 Coa x5 e = F =]
= 21T
F - &
‘ _ [ 20D Qe
e
=~ (09090
= (0Q-0% -kof
= (g

. The wire rope holding the 80.0 kN block as it is lifted is made from mild steel and

has a diameter of 48 mm.

(0) Calculate the factor of safety in the wire rope when it raises this block at a

steady speed. 4
(&6 5 S3s _ 13%<
aS = ==
stv
F 3 é:

- &36
Fos=® £ = (96 frlwm>

@gzq,}zey TS5 3D
03=23 o=t s

- [C) . [@OQCD—S‘7
- o = Clegoax
I = Clee 2 Hllu

543

3
£
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7. (continued) MARKS
(d) Describe two economic and two environmental impacts that this system would
have. 4

cconomicimpect 1 BOREE e gess gread O
ShedyleQor 55 pore LM
ssted Rdymel e Ot Pat il
ok be cged. W)

Economic impact 2 lower Vﬂ%%ﬁg M@H

B shoge » nee offued

Environmental impact 1 L@(’LW o CE%ES ekl
()ﬁ M&WU/\W cdhen %@W

Environmental impact 2

(e) Describe two advantages that this system has over a chemical battery storage
system for excess etectrical energy.

Advantage 1__1¢
Mﬁ@ C[}zemm %JOJHW@% are_

Advantage 2
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8. An anti-lock braking system is used to control the speed of an etevator as it
descends. This uses a form of pulse-width modulation operated by a
microcontroller.

If the speed of the elevator is too fast, the brakes will increase the proportion of
operating time.

The table below identifies the connections to the microcontroller.

Input Pin Output
7 brake
ground level sensor 1
speed sensor {analogue) 0

The system must perform the following steps.
« Values for mark and space both need to be initially set to a value of 100
+ Areading must be taken from a speed sensor and its value stored in variable X

¢+ If the value of X is greater than 128 then mark increases by 1 and space
decreases by 1

» I the value of X is smaller than 128 then mark decreases by 1 and space
increases by 1

+ Ifthe value of X is 128 then mark and space do not change

* The brake must be switched on and off for the times $pecified mark and space
(this will be in milliseconds)

» The process must continue until the ground level sensor is activated
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8: (continued)

(@) Complete, with reference to the specification and the input/output table, this
flow chart for the control of the systém.

set Mark j:o 100

set Space to 100

store réading in X

N
Y m N
\Se+ Nar/r-f-e/ 5 L<n A
i _.,-»lg[(—“' Y o2y

4 %{i@ * m | o
(e, jolos

T Puse 92 WJ
et S by
erse—(0(] -7 __
1% N

MARKS
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8. (continued)
An alarm (Z) is part of the elevator’s operating system and needs to be activated
under the conditions given by the following Boolean equation.
Z=A+(B+C)
(b) Complete the following flowchart to perform the function described above. 3

/ switch on'Z /
STOP
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(©

8. (continued)

MARKS

An alternative system to control the force applied by the brake is also tested. As
the speed of the elevator varies from a reference value the output of the circuit
changes proportionately. The speed of the elevator is monitored by a

(0 Calculate the resistance of the variable resistor
above when the output voltage of the op-amp i

tachogenerator.
6.0V 0—
56 kO
1.5kQ 1
+9.0V
22 kQ
 — ~
A —O0 Vour
Vracho +
22 kQ 90V
v .
/H/ VR 56 kQ
0vo

When testing the circuit, the voltage from the tachogenerator (Voueuo) Was found to
be2.3V.

in the dreuit shown

is +4.5 V.

190ae Vo= %4 (us-v) ofz—»gé%z(gv
66/\ (= WE
e 5T T @y Rf= Stk o
—Vye ﬂﬁ& (‘_::22/'
W AN Uv«_ % < (50:%;{‘
Vies 2. 32— [«F6785 5
e _ ~ 0S8V At Rl ils
\ 45 !K]T ZZ o LP‘,V?__
Gut QR GSn. Rk
\\0{\ Ve(R 8-65uh V=R, 0es?
(‘f%’%‘;: éf[;iz /865
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8. (¢) (continued)
(i) Describe, with reference to the circuit, how the reference speed of the
elevator could be increased. 1

wamﬁ fle Ualve o

6{@@@3 - dzc\ﬂb(l{, o@ ‘ﬂe/ daﬁqb@feﬁmdw*
c[aﬁo@e Ve whieh worgasag 12ed

Ledpu-een UT#@@M Ve  marcas [Turn over
Vet and, sy o e oot
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9. Asystem is needed to alter the position of a solar panel so that it is constantly facing the
sun during daylight hours. If one sensor gives a higher reading than the other, a motor wil
turn the panelin the brighter direction.

A preliminary design of the control circuit is shown below.

60Vo
1.5 k0 H 1.5 kQ
+9.0V
A -
+.
-9.0V
Vv, 3
LDR, H '; LDRy ?
0Vo '
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9. (continued)
The characteristics of the LDRs are shown in the graph below.
10? 7 S
! LDR type ORP12f
3
1 N
0
= 7
© 3
& 3
o . i
2 1.0 7 - -
a 5
= 3
8 N
-1 . -
10 7 ===
5
3
-2 .
10 357 357 357 357
1.0 10 102 10° 10*
illumination (lux)
Qromas
(@) Calculate V, if the light level on LDR, is 20 lux. 2
erm Z 5 e
. i . Y =&
. y =4,
W@V \/ _So0o s 5 q:
 e—— cdFma
, &5
V- CegV
v/}_:: C.(:-é U
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9. (continued)

Part of the control circuit is shown below.

6.0Vo

~
=

M e

+9.0V

4.7 kQ

-9.0V

0Vo

() @) Calculate the base current to the transistor when the op-amp saturates
positively.

Assume V. is 0.70 V. The op-amp output saturates at 75% of the supply
voltage, 3

= @ Ocqﬁch(
Vo Cé’ F50F) = EFSV

[:(lz&;ZXLO"'S 6(13XCO-L
Ib= L‘Bb"t/jr B G(3B xee

[} 1(,0(54
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9. (b) (continued)
The relay has a resistance of 5.0 Q.

(i) Calculate the minimum current-gain of the transistor to ensure it is fully
saturated when the op-amp is saturated positively.

MARKS

e - E=
¢

_ !‘24

0~ CBLsA
= Q230

ue = Q2.0
—a

0

i

o 3
LR
" t
N
N

h

[Turn over
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9. (continued)

While testing the circuit, V, was found to be'less than V, and the motor rotated, moving
the solar panel towards the sun’s position.

LDR, LDR,
A /

12V 0V

LDR,

AN
NN

0Vo—é :
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9. (continued)

() Describe, referring to the circuit on the opposite page, what will happen as the

solar panel moves.
Your answer must refer to the input voltage dividers, the op-amp and
{ransistor, and the relay and motor.

input voltage dividers 6.5 h‘qth leved 3 decrease f@c&iw@
o [ Bs Mcraiozwo Lt pensese,
Bloge oufrst, MMM
Mu@ﬁmmwm
i /o <\ few e bpaume Sodoedes wsrﬁw‘v
wiodvrrs [ Y Va 2\ Hotieapany Sueds’y hgpetiny
Op-amp and transistor
L{\C O‘J”‘P‘NL la WQWQUQ A\ Ub ove &g ok
e Gﬁgga_,e«mx;k fhad mavwcg .f‘w'\obd_dzwﬁﬂ‘
S lepthon 0 bt (s fran ~0FY fLen

d]p,m&c— Lol Uowf- fom

Relay and motor deﬂ“sé”‘@& Qi %’m ﬂ’%
- QCP/ M > 52%\‘401%/(‘*’ OPOT &

Swkbef FPodiy de#
topsuggrote. POR pedgess %ure%,v

[Turn over

Candidate Evidence

SQA | www.understandingstandards.org.uk

91 of 104



Higher Engineering Science Question Paper 2022-23 Candidate Evidence

Ly

9.

MARKS |
(continued)
The op-amp control circuit uses two-state control.
(d () Complete the graph below to show how the output of a two-state control
system changes as it approaches the desired output. 2

output ‘

desired |, < L
output [ A G M7 S N 2§74 7

time

(i) Describe the impact that this type of control would have on the
mechanical output of the system. 1

AT, ouAph (oeld Chnuge o
o [/Zb% ag f,ﬁt A% Aoserte
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9. (continued)
An alternative control circuit is aléo tésted.
6;0 V. c .7 &
RA
LDR,.
ove
(@ () ‘State the type 6f control produced by this type of circuit. 1
(i) Describe the difference hetween thé control.praduced by this circuit and
a two-state-control system. You tan use diagrams or graphs to illustrate
your answer. 3

‘[Turn over

SQA | www.understandingstandards.org.uk 93 of 104



Higher Engineering Science

Question Paper 2022-23

Candidate Evidence

10. An engineering team is experimenting with different control systems to operate a
number of pneumatic cylinders. The following truth table shows the conditions
under which one of the cylinders must outstroke.

MARKS

A B o D z
o | o o | o 0,
0 o | o 1 0
O 0 0 N 1
o |0 | @B | o
-tr 0 1 o | o 0
2 e ( Len Co o | 1 0 | 1 0
0 1 1 0 0
—_— 0 1 1 1 0
1| o | 0o | o 0
1 0 0 1 0
1 0 1,1 0 1
t oo | 1. | 1.0
1 1 0 0 0
1 1 0 1 | o
1 1 1 0 1
1 1 1 1. 1
(a) Write a Boolean equation for the output Z. 2
z
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10.

MARK:

(continued)
A second cylinder operates under the following conditions.
X=A+B®(C-D)

(b) Draw a logic diagram to perform this function.

C

Ny

Bk

o~

R
[Turn over
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10.

{continued)

Two further-cylinders are to be controlled by the following circuit.

© ©

@ n

/V\/-L
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10.

MARKS

(continued)

©

(i) Describe the operation of this circuit, highlighting the function of each
component and the conditions that will cause the cylinders to instroke

and outstroke.

WhenV,... S ®™ & [%ﬂ Skl ad Vo5
w8 lootipn Stode. o Rl 05 puoset
et . Ueipo satonfp flovss ﬂmk e gottey

Umq‘a & LZQLW&@!@, Ccawwc(_«fo
outsteke, A (o ’ﬂ«mkﬂewgﬁkum’f&
omd. (e eno (s c:u‘)b@tobgw oew Vg

(> WW&') (s LQ‘QQC&M (cmiméx_@i
o cdigetier anoh oototRia

aotest Vg cohith @y w% Ucr 2e A
VF booge tllo flea— /)ﬁ[(/Y/\waa& St
’W U,/;,VC.\;,@L UPO oef arR an

X0&- gok—, (£ one @ cohoied texar Flows

M. Voue o laodn M%MMQ«‘G%Q&L%

The engineering team are considering changing the circuit shown opposite to
one that is operated by a microcontroller. -

(i) Describe two reasons why using a microcontroller-based system is
preferred to a fully pneumatic system. 2

W@%M‘f@ @uﬂm | ol e
V a2 Hembions
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10.

(continued)

n order to use a microcontroller-based system, solenoid valves need to be used,
The following circuit has been designed to actuate one of the solenoids.

6.0V o—

/

The solenoid is rated 12 W at 6.0 V. The MOSFET has a resistance of 0.70 Q when
switched on.

{(d) (@) Calculate the resistance of the solenoid.

(iD)

S

p=1° p-NT o 36 U
VR ¢ N
R=352 St

Calculate the current through the MOSFET when it is fully switched on.

s e
\J <14 223
%’vﬁ Z ﬂ;@{i .

( = .Z = = A

2-3 —

MARKS
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11, During a c’onstruction,projeqt in a city ¢entre location, a lifting platform is installed
Jbetween two high rise buildings.

i PN I

sl

One of the members in the structure has a cross-section. as shown betow, with an
internal diameter of 31 im, and an external diamagter of 36-mm.

— @31 mm

_ @36 mm

- B - J296.
'6’ TSk + FT7E3E

This mild steel mémber has a strain of 4.6 x 10°5 when subjectted té a load.

@ Calcutate the load carried by this membeﬁwl ( A( +-8Féaz 4

.’ 6‘: —-é—:— . A-.: % ~ /—?Z_
| g=Exy A= (0(F 87802 FReeicss
= ‘ 58§
e (o0 x b j—:__ ggi 1(0'-8;
|o=9-01¢ o EET
&= (a6 Nmm—r

F:qtc(é—/(z%r/
(= 2(206 7 3¢
—
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11. (continued)
A motor-driven winch system is used for lifting construction materials with up to
12,000 kg of mass. The windlass, with 320 mm diameter, rotates at
12 revolutions per minute.
(b) Calculate the mechanical power required by this motor. 5
_ Ce V2
P Lant n= L—'oc’Lr\em%w
6o —— ‘
=/ >
P=7xTx0axT e 2 oo he

?'—' (28761 UE™ .
P=l) 56 xo3 = o= T2
= Fxr

P: LQ%O/(W - 3@0%@,@,
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11. -(continued)
Later in the construction project, the lifting platform supports cablés used to .
suspend a concrete beam above-thessite until it is ready for pésitioning.
The-diagram below répresents the concurrent force system while the beam is in
suspension.
| 9.2 kN
(©) Calculate thé magnitude and angle of the forcé-F, required to maintain .
equilibrium. 6
Z1E=ZAF rsuee ZFTE=E
t - > 331_ K? (7
AR Sile Sin s GetD s 35 = 6kt VoBszy
|Fy 86987 = 3‘?{?&? i T rGel3 = 25090 +20 U3
= B ‘ 3 - ! —
fy-94-%043 Fes 9506 ~eue3
| Tv=0:6(0%3 Fie [ 10326
| Fu=O-6lKkE& U::(:- Qﬁ{z(,ﬁ,z s o
. . n&d =
°e S oy
| o852 feleltt TP
{(FoF2e
I3+ 2o
1S 762%
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12, The free-body diagram for part of a structure and its loading is shown below.
24 kN
BY D
a —
50°
A 1 29° o
o
31 kN
Calculate, using nodal analysis, the magnitude and nature of forces in members AB,
AC, BC, BD and CD.
Show all working and final units on the page opposite.
Complete the table below. 8
Member Magnitude Nature
AB Ce &l ik - strut
AC 6L tie
BC 2 o Strut
B 26 LI 43

c 97t/ | TlE
- (L
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12. (continued)

ShEs P

' Spacé for working

ST

ffe= Fo =
node A ?:Alﬁ M Le_oig( an - 1—4@@33
Fag= (B ITF  Fre=4Fllosto
e Far = @ F2en Eaes J6°73
o ) [T9e = 36T
)
31 kN
node B . o
24 kN ZAFT2LF Z f=c=F
l Fﬁt = Zé(’[fN F/;@H = F;@fD
' st o< 8 2LGstes
Ero= BEqpnl
Tho- 8265 5
Eop ==«
e 50 et
node C Z 4(’ ’—'Z{;F 2'—>F"2__<E~F
T = feov
foSinq=2¢%
= Teo < LqTANT
SHE=SF
F:@cz Eeov
(o Swmél = 2
—

[END OF QUESTION PAPER]
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