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THE CONTRACTOR SHALL BE RESPONSIBLE FOR FINAL ARRANGEMENT AND ROUTING OF PRESSURE REGURATOR SENSOR PRIMARY. AR DUGT i
DUCT WORK AND EQUIPMENTS. THIS RESPONSIBILITY INCLUDES UTILIZING PENETRATIONS THROUGH WALLS AND FLOORS CHILLED WATER PIPE WITH FLOW DIRECTION Amafiviaal wandhnd An. 33160
AND AVOIDING INTERFERENCES WITH BUILDING STRUCTURE, PIPING SYSTEMS AND ELECTRICAL WORK. PRESSURIZED DUCT PO Ao Tud AR, 44541
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3. ALL DUCT SUPPLYING COLD CONDITIONED AIR TO, AND RETURN FROM, THE CONDITIONED SPACE SHALL BE INSULATED WATER PIPE RETURN—AIR GRILLE RAG AranTRauInaoN :
4. ALL SUPPLY AND RETURN-AR DIFFUSERS, REGISTERS AND GRILLES SHALL BE MAOE OF T
RETURN—AIR DUCT RAD -
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5. ALL DUCT DIMENSIONS INDICATED ARE IN INCHES, AND WITHOUT THERMAL INSULATION. MAKECUESWATER: RIPE REFRIGERANT SUCTION GAS s -
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EQUIPMENT SCHEDULE : AIR HANDLING UNITS AND FAN COIL UNITS

ary | Tee SERVICES ROOM AIR COOLING COIL PERFORMANCE FAN PERFORAMANCE
oR CONDITION COOLING AR FLOW ENTER AIR CHILLED WATER DRAIN | TYPE | EXT FAN TYPE POWER NO. (
APPLICA P ITION Imo! P F STPR | M F UPPLY F
i LICATION CAPACITY CAPACITY CONDITIO! CONDITION pIPE | O 0TOR o s o e
7emp. | HuMo. | o | RsH |suppiy| outsioe | Teme. | Teme. [ Fow | Pire | enterinG | LEawing | Ty | size | AR [(APPROX.)[(APPROX.)| MOTOR | SYSTEM PANEL
RATE | SIZE WATER TEMP[WATER TEMP|CONTROL FILTER STARTER BOARD e S B
SET(S) . o8 | mH [Brusmr|eTumr| crm | crm | FoB | Fwe | oM |INCH @ F F VALVE |IncH @ IN.WG KW v/0,/M2 HAMMLRUTIUARS
Fuil s
FCU-CHW-5-01 to 03 3 | ces | vawmuau 75 +2/55 +10| 19,200 | 13,230 | 600 - 80.0 | 67.0 | 4.0 | 374" 8.0 s8o0 | 2w-0/F | 17 | so - 0.050 - 220/1/50 - Included Room Thermostat -
FCU-CHW-5-04 to 09 (1—Vay Cassette) 6 | ccs | Toafus 75 +2|55 £10| 26,100 | 18,270 | 800 = 80.0 | 67.0 | 52 | 1 48.0 sso | 2w-0/f | 1= | s - 0.075 - 220/1/50 - Included Room Thermostat 9
FCU-CHW-5-10 to 15 (1-Way Cossette) | & | ccs | wanlszqunguean 75 +2[55 +10| 26,100 [ 18,270 | 800 - |Boo|s70| s2 | 1" 48.0 580 [2w-0/F | 1" | sm i 0.075 = 220/1/50 = Included Room Thermostat ™
AHU-CHW-5-01 1| Hv/o | wasiuun 75 +2|55 +10|229,000{150,000| 5900 | 980 | 80.0 [ 67.0 | 458 2" 48.0 580 | 2w-mM/e |1 1/4m| PRI 2.00 550 |[vsD/D.0L| 380/3/50 LSP~AHU-CHW-5-01 Included Room Thermoslat IP-ARCGHTIST
AHU=CHW—5-02 1| Hv/o | vaaduun 75 +2|55 +10|220,000|150,000| 5,900 | es0 | 0.0 |67.0 | 458| 2 48.0 sgo |2w-Mze 11747 PR | 200 550 |vsp/b.0.| 380/3/50 LSP—AHU~-CHW~5-02 Included Room Thermostat iP-ARCHTIST CO,, LTD.
emall: Ip.archtist@gmail.com , visit us:
www.facebogk com g iddiaoos,
© +66(0)834428844
NOTES: — TAtanns:
= o v
1. COOLING COIL FACE VELOCITY SHALL NOT EXCEED 500 FPM FOR AHUS AND 400 FPM FOR FCUS. WATER PRESSURE DROP OF COOLING COIL SHALL NOT EXCEED 15 FT.WG. tiipenariauazssundiimmaiu

muguel TraFaunguunauazniniios
2. EXTERNAL STATIC PRESSURE (EXT. ST.PR) SHOWN IN SCHEDULE SHALL BE THE SUM OF ALL EXTERNAL COMPONENT PRESSURE LOSSES EXCEPT INTERNAL PRESSURE DROP INSIDE THE UNIT OF AHUS OR FCUS.

-
3. TYPE OF AHUS./FCUS. AMMNDATH :

27777 50 Virn U B RN ouugliiy

CC = CEILNG CONCEALED €C/C = CEIUNG CONCEALED W/CABINET (FACTORY BUILD) CCS = CEIUNG CASSETTE €CS = CEILUNG CASSETTE CE = CEILNG EXPOSED
W14 AR WAAAR NFMEHUIUAT
FC = FLOOR MOUNTED, CONCEALED FE = FLOOR EXPOSED HH/S = HORIZONTAL UNIT, HORIZONTAL BLOW (SINGLE SKIN)  HH/S = HORIZONTAL UNIT, HORIZONTAL BLOW (SINGLE SKIN) HV/D = HORIZONTAL UNIT, VERTICAL BLOW (DOUBLE SKIN)
Winaalamns :
VH = VERTICAL UNIT, HORIZONTAL BLOW W = VERTICAL UNIT, VERTICAL BLOW WE = WALL EXPOSED WE = WALL EXPOSED HH/D = HORIZONTAL UNIT, HORIZONTAL BLOW (DOUBLE SKIN)
uwianedtaiunin
4. TYPE OF CONTROL VALVES
23W-0/F = 2 {3) WAY MOTORIZED ON/OFF VALVES aanuliln -
Annlgail UsElwyad a-an.3221
2(3)W-M/P = 2 (3) WAY MODULATING PROPORTIONAL VALVES =
5. TYPE OF AR FILTERS qumuang:
STD = STANDARD FILTER FROM MANUFACTURER PF1 = PRE FILTER, PANEL TYPE, | INCH THICK, 20-25% EFF, ASHRAE  MF1 = MEDUIM FILTER, EXTENDED SURFACE TYPE, 12 INCH THICK, 60-65% EFF. ASHRAE
EAC = ELEGTROSTATIC AIR CLEANER, ? 90% EFF. ASHRAE  PF2 = PRE FILTER, PANEL TYPE, 2 INCH THICK, 30-35% EFF. ASHRAE  MF2 = MEDUIM FILTER, EXTENDED SURFACE TYPE, 12 INCH THICK, B0-85% EFF. ASHRAE ¥
AantlaTaaie
EQUIPMENT SCHEDULE : VENTILATION FAN ' Arantlih:
orY SERVICES TYPE AR | EXTERNAL | MAXIMUM | TYPE POWER NO. P
or oF Flow | stamc | Fan oF SUPPLY oF ATk giin; 3696
APPLICATION FAN RATE |PRESSURE| POWER | MOTOR | SYSTEM PANEL AMLTERE (AUSTIH avin, 52423
e (APPROX.) | CONSUME | STARTER BOARD REVARKS 5 3
(APPROX.) AAINTIATAINGA &
SET(S) CFM IN.WG KW V/B/MZ AnusuA ooy an. 3566
aagihinnl wanATY nn. 33160
fui s AnsTady W nn. 44541
EF-5-01 1 Wk CF-F-5-B| 1740 0.35 0.37 |vsD/0.0.L| 380/3/50 LSP—EF-5-01 ?Jmnf?l'\zmnﬁ'ﬂu:
EF-5-02 1 ﬁmmurgu SCF 100 0.40 0.05 - 220/1/50 = Included Switch Control With Lamp =
EF—5-03 1| Tnafus SCF 340 0.40 0.10 - 220/1/50 - Included Switch Control With Lomp B
EF—5-04 1 | wonlrzqungueoy SCF 490 0.40 0.25 - 220/1/50 - Included Switch Control Vith Lamp .
Fummih - mrurly
EF—R-01 1 AHU ROOM PF=W-1 1,720 - 0.30 i 220/1/50 = Included Temperalure Switch Operoted when T >38'C & Timer 24Hr ) A TEUaziaun "1".,1\71=
Automatic Shutter & Roin Hood Protection
INOTES: —
I, FOR ALL VENTILATING FANS WITHOUT STARTERS, THE ELECTRICAL CONTRACTOR SHALL PROVIDE ELECTRICAL POWER SUPPLY TO THE LOCATIONS NEAR THE VENTILATING FANS COMPLETED WITH ELECTRICAL OUTLET
OR CONNECTION BOX AND ON-OFF SWITCH.
2. TYPE OF VENTILATING FANS
AX-AP—B/D = AXIAL FAN — ADJUSTABLE PITCH — BELT/DIRECT DRIVE CF-B/F-D/5-B/0 = CENTRIFUGAL FAN — BACKWARD,/FORWARD CURVE — DOUBLE/SINGLE INLET — BELT/DIRECT DRIVE
CEF = CEILNG EXHAUST FAN IDJF = INDUCED JET FAN
PF—W—C/| = PROPELLER FAN,—WALL MOUNT—COMMERCIAL/INDUSTRIAL TYPE RV-1/G/U = ROOF VENTILATOR — INTAKE/GENERAL /UPBLAST TYPE T
SCF = SMALL CENRIFUGAL FAN (SIROCCO TYPE OR EQUIVALENT) SAX = SMALL AXIAL FAN DIRECT DRIVE i : margalpalfumma sz uema
OCF = OSCILLATION CYCLE FAN ailmliu mrafinadzsuuenA
3. SMOKE EXTRACT FAN AND PRESSURIZED FAN SHALL BE RATED AT MINMUM OF 250°C / 2 HOURS AND NON—-OVERLOAD FAN TYPE BRI - S015.08
4. FANS DELIVERY CORROSIVE GAS OR AIR. THE MAIN COMPONENT SHALL BE CONSTRUCTED OF PVC OR FRP MATERIAL. FOR THE METAL PARTS, THEY SHALL BE CONSTRUCTED OF STAINLESS STEEL. A -
5. KITCHEN EXHAUST FAN SHALL BE USED WITH OVERHUNG TYPE BACKWARD CURVE BLADE, EPOXY COATED AND HIGH TEMP. FAN TYPE
nraadu Tae : Checker
4uil: 30-10-2563 16/09/2020
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£A0.{l0"x10"
SREVICE P,
D.Sm.xﬁ.sn]
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42785

10000

1700

10200

o

WATER HISER (EXISTING)—

#11/4" CHS.,CHR~1

TO NEAREST FLOOR

| BUTTERFLY VALVE® (NEJ)—— * FLﬁgg 5 LSP-AHU—CHW-5-0+—
“BALANCING' VALVE :(Ng\v)_-—v] =
| @ RGOM THERMOSTN——
-8 FL-CL=+2.55 || 81"D
|k [ #4-eifs. CHR,
: : — :
e [LOQATION ON SITE (TP = 1archis.orr
RS e ._‘r@u‘/g-m = 4. A T =— =]
#1"D FLrEE# D30
5
25 ¢1"DJ : |
CU=-CHW-5-04 ECU—-CHW-3-06
5.2 GPM. 5.2 GPM]|
| #1"€4S.,CHR
21"D
1" — =]
AR —w2'CHs THR! i = i =T = p
2Y4"CHiS..CHR
@ |
FL-CL=+2.55 | :
| d i [ sp—an{i—CAW} 5-02—
—1 s ;
—e1 TCHS.CHR. || e
@D o1 re1o. 7h ROOM THERMOSTAT—
FL—CL=+2.30 £cu—crw—5-faH P 1" CHp.CHi.
#1Y4"D- | #1770, i
FCU—CHW-5-07 | %/‘. \ @ 1" CHS.,CHR -
5.2 GP. i 1 || SR, i ) |
er”CHS..CHR.—] [ [@2CRS..CI i FL-CL=+3.65

B
G S

R,

==

2 1Y4 D —-If _____

FCU—CHW-5-10
5.2 [GPM.

@
CL=+2|30

FCU—CHW-5-13

ECU—CHW-5-11
5.2 GPM.

1"D.
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FL—CL=+2.60
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5.2 |GPM.

oo e
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THICKNESS & REINFORCING SCHEDULE — LOW VELOCITY DUCT WORK

DUCT INSULATION DETAIL FOR DUCT 18"AND BELOW

se = Ll

®

DRIVE SUP

THICKNESS & REINFORCING

AR FLOW AR FLOW

®

T PLAIN'S SUIP BAR SUP

H=1"

SCHEDULE — LOW VELOCITY DUCT

=
® ®

COMPANION ANGLES

POCKET LOCK it

H=1?

PITTSBURGH LOCK

—

©

ACME LOCK-GROOVED SEAM

1/2"WIDTH @ 0.60M.
DUCT INSULATION STRAP(PLASTIC)

WHAILAUIMULIY FIBERCLASS
w1 mudtezyly
unadrznaumuy

P

ﬁ 24 GA. CORNER STRIP
FIRE RETARDANCE ADHESIVE-
SHEET METAL DUCT!

VAPOR BARRIER TAPE ON ALL
JOINTS 2-1/2" WIDTH DUCT TAPE

UM InABIIUATR

DUCT INSULATION DETAIL FOR DUCT 19" AND UP

1?7
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Thsams:

METAL  GAUGE
GREATEST DUCT] REINFORCING ANGLE SIZE &
CALV STEEL SHEET ALUMINUM SHEET LONGITUDINAL TRANSVERSE JOINT TRANSVERSE JOINT LONGITUDINAL SPACING BETWEEN ROD—HANGER SIZE & SPACING
GiENEDN SEAM SMALLEST DIMENSION SMALLEST DIMENSION TRANSVERSE JOINTS AND/OR INTERMEDIATE & TRANSFER HANGER
USG| THICKNESS |B&S |  THICKNESS REINFORCING OR CROSSING BREAKING
(INCH) NO. MM, G.NO. MM,
ACME LOCK
12" OR LESS| 26 0478 24 0.508 % PITTSBURGH Lock | @ DRVE SLP @®ORME SLIP — 29MM. L 25x25x3 MM.@ 2.4 M.
(! K
137-18" 24 0.635 22 0.635 % f,f%gab%%H Lock |®DRVE sUP @ PLAN'S SUP AT SOMM. L 25x25x3 MM.@ 2.4 M.
19™-30" 24 0.635 22 0.635 % ':‘,?T"T‘gsb%%'; Lock |@ORNE suP ® R sup 25x2543 MM.@ 1.2 M. BOMM. L 25x25%3 MM.@ 2.4 M.
317-42" 22 0.794 20 0.8128 (® PITTSBURGH LOCK ((&) DRIVE SLIP ® B8R SUP MM 1.2 M. GOMM. L 25x25x3 MM.@ 2.4 M.
43°-54" 22 0.794 20 0.8128 ® PITTISBURGH LOCK |(®) 1-1/2"POCKET LOCK (® 1-1/2"POCKET LOCK Mie 1.2 M. SOMM. L 40x40x3 MM.@ 2.4 M.
55"-60" 20 0.953 18 1.016 (® PITTSBURGH LOCK |(®) 1—1/2"POCKET LOCK (® 1-1/2"POCKET LOCK M@ 1.2 M. GOMM. L 40x40x3 MM.@ 2.4 M.
617-84" 20 0.953 8 1.016 (® PITISBURGH LOCK | 1-1/2"COMPANION ANGLE | 1—1/2"COMPANION ANGLE MM.@ 0.6 M. BOMM. L 50x50x4 MM.@ 2.4 M.
85"-986" 18 1.22 18 1.295 (® PITISBURGH LOCK |() 1-1/2"COMPANION ANGLE | () 1-1/2"COMPANION ANGLE MM.@ 0.6 M. @OMM. L 50x50x5 MM.@ 2.4 M.

DUCT THRU 12" OR LESS

DUCT 13" THRU 18"

DUCT 19" THRU 30"
(ALTERNATE CROSS BREAKING)

FOLD END OVER TO SEAL
CROSS BREAKING

WHAILRUIUWLIL FIBERGLASS
wun 1 il muirsyl
saEnnlrznaLuy

FIRE RETARDANCE ADHESIVE
SHEET METAL DUCT

‘L‘\

"-‘)
VAPOR BARRIER TAPE
ONALL JOINTS
> > >

2"x2" WASHER (GALV.STEEL SHEET #24 USG.
AND GALV.SCRI W/SMALL PIECE OF FIBER GLASS o >
COVER,DISTANCE BETWEEN WASHER NOT EXCEEDING 12

Uiinlpormsdouiasssunfuaniauy
saueud Trdsunpuinsrazmaiiog

T
anunnaaia:

21017 50 WITEHU T TIRINTOL ouugTib
U1NAAM 1WARRA NPIMIUILAT

iruasTananis :

wAnmduamadn

dannlfin:

Aruntgnd deehyar d-4n. 3221

Wnnung:

RECTANGULAR DUCT CONNECTIONS/ROUND DUCT CONNECTIONS

Aransiasain:

DUCT 43" THRU 54"
DUCT 55" THRU 60"

CROSS BREAKING

6LONG1 16"MAX. THK:

PLASTIC CLEATS 12" C-C

(MIN. 1 PER SIDE)
FLANGED SYSTEM ANGLES
(ATTACH PER MANUFACTURERS FLANGE_SY:
INSTRUTIONS) CONNECTION

cp
770

-

DO NOT BOLT CORNERS FIRE DAMPERfT—
ucT LEEVE(22[5A.

EOPRENE  GASKET

BETWEEN ALL ANGLES [0 . [ﬁ,NIKiUhﬂ)

ELANGED SYSTEM DETAILS T =

(U.L.Appraved anly)
6 E I:a LANGED SYSTEM

4" (SECTION VIEW)
impm CRIMP OR LAP JOINT
BEAD OPTIONAL RAW BAND

SR =

XREF WAC-A4

DRAY BAND JOINT FLEXIBLE DUCT

Aranslybi :

Aol Ay avin. 3898
AMTUAE 13UETIH avin. 52423

a -
AAINTIATTMNNA ¢

Ansina Lo an. 3566
Anpivianl wandha nn. 33160
Amustudy wih An. 44541

AransRanInaoN :

naurly

[t TIUAZIDUA Tui

DUCT 61" .THRU 84"
DUCT 85" THRU 96"

4
Tamn:
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FLOOR MOUNTED AHU INSTALLATION

TYPICAL DETAIL OF FLOOR MOUNTED MACHINE

DRAIN PIPE HANGER FOR SIZE #'%" TO 22"
/2 (2-WAY CONTROL VALVE) SUPPORT WITH VIBRATION ISOLATOR
PRESSURE GAUGE
PRESSURE SHUBBER THERMOMETER
= A NEEDLE VALVE MEASURING PORT FOR BAS
AUTOMRC R VENT: i 2-WAY CONTROL VALVE
' SAEVALXE BALANCING VALVE
e ) GATE VALYE MACHINE HOUSING
A [ BLOT & WASHER
FLEBLE (SiZE TO SUIT)
CONNECTION G
VIBRATION ISOLATOR
el (TYPE & SIZE TO SUIT)
AIR HANDLING UNIT SR . CONCRENE FouNoATIoN
OF PIPE B _ o o =
e MIXING BOX ol @ ; <
: EXPANSION BLOT
AGONCRETE FLOORSUA |(TYPE & SIZE T0° suIT)
&4 oy 4 i Hor
L 1— UNION OR FLANGE a - ) e ;
CLOSE CELL &
ENGLRIR INSULATION
DRAIN VALYE WTH CAP rm—f'l -l
: o TYPE D SPRING AND NEOPRENE HANGER
DIMENSIONS(mm.) vl : I ] —
ROD STRAP MAX. HANGE o a 47 CONCRETE BASE 4 * < &
wowaL Piee sze| A B [c |0 | maxe-out|apsustaBle| size 2 . s S 4|«
3 F__f(mmemm.) (F1) < - e —= 7 = Y UPPER ROD SECURE
77 9 |46 |59 | 64 29 25 2:25 5 .8 i $ - “gaf’ B 2 e 4
3/4" 9 |52 |67 | 64 33 25 2x25 8 4 b 4 -‘ )
T 9 [56 |73 |64 37 75 2x25 il
i-1/4 9 |65 |87 |64 46 32 2525 [ L—DRAINAGE PIPE WITH INSULATION SolBLE: BERLEC TGN
1-1/2" 9 |70 [94 | 64 49 32 3x25 0 AND PVC TAPE OR AS SPECIFIED
2" g |75 106l 64 56 32 3x25 o L———CLEAN-OUT PLUG
HOTE RAMINAL PIPE SIZE MEANS PIPES DI PP
IAM! P Ii

FAN COIL UNIT (CASSETTE TYPE)

T0 ORAIN
DECORATION COVER
DRAINAGE PIPE:
WTH INSULATION
HOSE WTH CLAMP
AUXUARY INSULATED DRAH PAN
(UNDER OF THE CHILLED WATER
VALVES AND OTHERS CONNECTION)

MANUAL BALANCING VALVE
2-WAY CONTROL VALVE

STRAINER
DRAIN QUILET
——DRAN PAN
NAME PLATE
FAN MOTCR

FAN

SUPPLY AR GRILLE

AR FILTER

(BACKSIDE OF THE PANEL)
RETURN AR GRILLE

WTH FLTER

PANEL

RUBBER PAD 25 mm(1 IN) THICK

ONCRETE SUPPORT

DETAIL

NOTES : 1. PRESSURE GAUGES AND THERMOMETERS SHALL BE PROMDED FOR

THE AIR CONDITIONING UNITS WHICH CAPACITY ARE > 35 kW (10 TONS).
2. INCUNED MANOMETER SHALL BE INSTALLED AT EACH FILTER BANK SECTION

(SEE SPECIFICATION).

NEQOPRE
SPRING SEAT

PROJECINE NEOFR 2}
BUSHINE TO PREVENT STEEL# — =
TO STEEL CONTACT

ANGULAR MOVEM
OF HANGER ROD

BUSHING

SQUARE ELBOW TURNING VANE

DUCT HANGER & EXPANSION BOLT DETAIL

W =p AR FLOW

AR FLOW

4

/ll
W
NOTE:

VANES ARE SUPPORTED BY SEPARATE FRAME
BOLTED OR RIVETED TO ELBOW

— VANE 8

-ﬁfq‘———vmss’suppom a f 8

——#3/8" HANGER ROD MIN.

———4"x2"x1 /4" CHANEI PANSION_BOLFS
(SEE DETAIL)

4

/—CLDSED CELL INSULATION

ASBESTOS CEMENT BOAR mm.
THICK, 4" WIDE SADDLE

E /—H.‘\NGER ROD 3/8" MIN.
jadaie i

w
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CEILING EXHAUST FAN

MINI SIROCCO FANS (ISO DETAIL)

UTLET GRAVITY DAMPER

/1.5 mm?2 VAF 60 250V.CABLE
ELECTHICAL CONDUCT-

ELECTRICAL JUNCTION BOX: i Ty .
F Ni CASING
l f\g i

AR RN EEERRHEHHA S S BB HEL

>

=

LFi\N COVER
' COVTR KNOB
l i
e} =]
(=—FAN COVER
COVER KNOB
o o

POWER_SUPPLY CORD
(EFFECTIVE LENGTH ABOUT 600)

12—-LONG HOLES FOR INSTALLATION

FAN CASING

MOTOR SUPPORT

IMPELLER

TERMINAL BASE

TERMINAL COVER

§|UZ%T{0N pucTt g:ggHARGE pucT] " B c D E E G H 1 d K L M N o
%100 $100 206| 86 | 95 [24 | 180|56 |82 |199|98 | 19980 |74 |106|120]| 98
#150 150 261| 112|119 29 | 230| 76 |[100| 261 | 148| 230| 105| 98 | 131 | 145| 148

MINI SIROCCO FANS

A
amiAnmduauaie
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FRESH AIR OR EXHAUST. AIR LOUVER INSTALLATION

CEILING MOUNTED CENTRIFUGAL FAN

21A17 50 WITH MM ETIRINTAL auuRluYib
WUNGAR WAGAN NTINKHKLAT

VOLUME DAMPER AND CONTROL DAMPER

FRAME

SHAFT
EXTENSION

he
S

i

i
i
i

STOP_WiITH ¥
Fi RI

PIN_& BUSHING FRAME

CHANNEL FFR»"‘-ME__l CONNECTING BAR

YOLUME DAMPER

-
0 L
T =
S
]
SHAFT
EXTENSIONS S — =
S
L
L
= ——E -
S5
STOP_VITH
FELT STRIP

CONTROL DAMPER

SEALANT

REMOVABLE INSECT SCREEN
W/ALUMINIUM FRAME

QPPOSED BLADE
——VOLUME DAMPER
l (FOR FRESH AIR)

N PRE FILTER (FOR FRESH AIR)
i 'SIDE REMOVAL BY SLIDING

EXTERIOR WALE—

2
N

EXTERMAL ALUMINIUM LOUVRE—|
W/ALUMINIUM FRAME

Tk\\\“\\

MACHINE SCREW

SEALANT

|
Ny

00)00)00)00

i

[—EXPANSION BOLT

LT et i
a4 .

THERMINAL BOX:

CABLE CONDUITq—|

TEEL SPRING ISOLATOR
[W/NEOPRENE ELEMENT

I—FLANGE CONNECTION
|

,—FIEXIBLE CONNECTION
13mm.(1/2")THICK.RUBBER PAD

I_ OTOR _—BELT GUARD
C—CHANEL

TYP. DUCT INSTALLATION

DETAIL

A

INSTALL FOR SERVICE RETURN DUCT

|——STEEL ROD

——DUCT SECTION W/INSULATION

GALVANIZED STEEL SHEET#18,6" WIDTH,
INSULATED WITH 1/8" THICK ,
CLOSED CELL INSULATION
(ONLY INSULATION DUCT)

HANGER (SEE DUCT DETAIL TABLE)

1/8"

FLEXIBLE DUCT ——~

HOLES
FOR BOLT & NUT (WP)I‘\

1

RETURN AIR DUCT

GASKET PAD /

SERVICE DUCT

[RETURN AIR DUCT]

‘ FLANGEOUCT

RETURN AIR

”F ?
1l
Il
FLEXIBLE DUCT

1/8" GASKET FAD—/

Wuaalamms
AnedaRIunin
anwliin:
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Haununng :
Apanilazain:
Apantliin :
Aol ey’ avin. 3898
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A 16/09/2020

wmmdau A2 : AS SHOWN

=
LA

AC-M5-03-B

FOR CONSTRUCTION




CONCEALED PIPE SLEEVE

THROUGH INSIDE WALL

FIRE BARRIER

FOR PIPE PASSING THROUGH FLOOR

FIRE BARRIER FOR STEEL PIPE W/INSULATION

] piee
wa— ol IPE SLEEVE
. e
R
PIPE SLEEVE 307 af e
y jcwwmc
Ly
,

=

=
=)

=

Linsuanon RPE

STEEL PIPE MAX @ 30" CP 606 FIRESTOP SEALANT MIN 1/2" THICKNESS

MINERAL WOOL, DENSITY 80 Kgq/m3

CP_606 FIRESTOP

MIN 4" THICKNESS
AU

SEALANT MIN 1/2" THICKNESS
REQUIRED ON BOTH SIDES OF A WALL)

STEEL PIPE MAX @ 307

MINERAL WOOL, DENSITY 80 kgq/m3

MIN 4" THICKNESS

[Tl

FS—ONE INTUMESCENT MIN 1/2" THICKNESS

STEEL PIPE MAX @ 30" WITH INSULATION MAX 2

A

-d—‘—-_
.5

STEEL PIPE MAX ¢ 30" WITH AB/
PVC INSULATION MAX 2" THICKNESS

i 0

¥ CP G48E WITH RETAINING COLLAR AND o
W FILL GAP WITH FS—ONE MIN 1/2" THICKNESS pJ114

CP 64BE WITH RETAINING COLLAR AND

FILL GAP WITH FS—ONE MIN 1/2" THICKNESS

(REQUIRED ON BOTH SIDES OF A WALL)

wuavamdin | AuuIEes | Annuzeutad | AWMAUTEUTEY | ATHWUY FS-ONE
(i QUL CP G4BE | Retoining callar (il
MAX 30" MAX 2" 4 1 1/2"

—
AW AINDEDEIUATA
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CP_648E WITH RETAINING COLLAR AND
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CIRCUITING DATA & TELEPHONE, DIGITAL VIDEO ON DEMAND
SYMBOLS DESCRIPTION SYMBOLS DESCRIPTION
WIRING CONCEALED IN CEILING OR WIALL mudugenlumis via ch © COMPUTER OUTLET wsunaufiAng nFunaufiames
—————— WIRING CONCEALED IN FLOOR mudutou win Galuiiu C CEILNG COMPUTER OUTLET \msuRaNTIRDsAAWAIU T UABNTNADT Rekyia
wreeeeeeee— | WIRING EXPOSED AAuanY @] FLOOR COMPUTER OUTLET R L L I
1,2 | BRANCH CIRCUIT HOME RUN TO PANELBOARD,NUMBER OF ARROWS INDICATES NUMBER OF CIRCUIT aedulihendind AmougnA uaziay udnsinou wazasanatih [WF] WIRELESS LAN ACCESS POINT
—— 3 WIRES WAAYITMAUEIE 3 W IEC WIRELESS LAN ACCESS POINT ( CEILING )
— " |'n WIRES (n 3 3) WIRING HAVE NO IDENTIFIED MEANS 2 WIRES wiasdn 4 5 6 . (AERlSATanEiuNTR 2 1) ——C— | UTP CAT & IN EMT 1/2"
—Co— | CONDUIT ONLY ( EMPTY RACEWAY ) nesaEAEId (\MraLaendmiuRsmeialasae) —C—~ |0 x UTP CAT 6, n . 3 IN EMT 3/4", 3 & n < 6 IN EMT 1"
————0 | WIRING TURNED UP auduiuuuadia —C— | UTP CAT 6 IN IMC 1/2° ( IN FLOOR )
— s | wiriNG TURNED DOWN ; aodudunudia —c |nxUTPCAT 6, n< 3INMC 3/4, 3 <ngBINIMCI (INFLOOR )
— | crossING OF PATHS OR CONDUCTORS NOT CONNECTED ( NOT NECESSARY AT EACH 90" ANGLE ) AEFUTMIUR v PRIVATE TELEPHONE OUTLET wnFums TnsAwidomoly
——or —— | JUNCTION OF CONNECTED PATHS, CONDUCTORS v PUBLIC TELEPHONE OUTLET wnFuau Tnsdviiaumeian
B T — oS bl A, LT
= O = —T— | TVE 0.65-4C IN EMT 1/2
——— | CABLE TERMINATION —T— | n x TVE 0.65-4C, n & 6 IN EMT 3/4", 6 & n < 10 IN EMT 1*
1 EMERGENCY DOWNLIGHT 1x50W HALOGEN — 71— | 7vE 0.65-4c IN MC 1727 ( IN FLOOR )
[7] EXIT SIGH DOUBLE FACE LICHTING WITH BATTERY BACKUP 2 Hrs, — 71— | n x TVE 0.65-4C, n < 6 IN IMC 3/4", 6 < n < 10 IN IMC 1" { IN FLOOR )
EXIT SIGH & SINGLE DIRECTION DOUBLE FACE LIGHTING WITH BATTERY BACKUP 2 Hrs. ©pygp | PICITAL VIDEO ON DEMAND OUTLET (RJ45)
% EXIT SIGH & DOUBLE DIRECTION DOUBLE FACE LIGHTING WITH BATTERY BACKUP 2 Hrs, [=ITCP | TELEPHONE PANEL BOARD
[=JoCP | DATA PANEL BOARD
SWITCH &
SYMBOLS DESCRIPTION SOUND
s 1 GANG SWITCH andidtn SYMBOLS DESCRIPTION
25 2 GANG SWITCH aAndR [ PUBLIC ADDRESS AMPLIFIER
ns n GANG SWITCH ( n 3 2 ) WAnd Amqudwa 3 3wl SOUND DISTRIBUTION FRAME
s3 3 WAY SWITCH @nd 3 na CEILING SPEAKER
sS4 4 WAY SWITCH @t 4 N HORN SPEAKER
K KEY—-OPERATED SWITCH @i fa I sosnama VOLUME CONTROL
DIMMER SWITCH wAndnd v MICROPHONE
sP SWITCH AND PILOT LAMP andunufifoyyrnundns
So SWITCH FOR FIXTURE MARKED "o" dngdmiuanianga . MATV
So-d SWITCH FOR FIXTURE MARKED "d" TO "d" ansdmiuanlangn ol fagn .n SYMBOLS DESCRIPTION
0] TV. AND FM. ANTENNA JACK wsudmsud e IMAS AL ua=inglav.i8
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SYMBOLS DESCRIPTION B SPLITTER 3 WAY
[ SIMPLEX RECEPTACLE OUTLET i udn Z] SPLITTER 4 WAY
[} DUPLEX RECEPTACLE OUTLET miua [iE] TAP OFF 2 WAY
Pup DUPLEX RECEPTACLE OUTLET ( WATER PROOF ) g uagshazaufni [i&] TAP OFF 3 WAY
CEILING DUPLEX RECEPTACLE OUTLET wnd UABAYAY ™ TAP OFF 4 WAY
DUPLEX RECEPTACLE OUTLET WITH SAFETY SHUTTER wniug wamuilyiy
HAND DRYER UNIT wdnahi % it
FLOOR SIMPLEX RECEPTACLE OUTLET iy
FLOOR DUPLEX RECEPTACLE OUTLET wniugiadiu CCTV
LOUDSPEAKER QUTLET wnFUA M UR T SYMBOLS DESCRIPTION
TIME RECORDER OUTLET wnfudmiuaisatiufinoan o COLOUR CAMERA, x = NUMBER OF CAMERA, y = NUMBER OF FLOOR
EMERGENCY SIMPLEX RECEPTACLE OUTLET wnFudendwmiuligndu we COLOUR CAMERA WITH HOUSING ( WATER PROOF )
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EMERGENCY DUPLEX RECEPTACLE OUTLET

wnFugdmiy g nidy

DOME COLOUR CAMERA

RECEPTACLE OQUTLET FOR COOKER HOB

TR

P/T/Z DOME COLOUR CAMERA

RECEPTACLE OQUTLET FOR REFRIGERATOR
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RECEPTACLE OUTLET FOR WASHER-DRYER /N DAY/NIGHT FUNCTION
JUNCTION BOX FOR AIR CONDITIONER wp WATER PROOF HOUSING
@F JUNCTION BOX FOR HOOD FAN WP /SW] MULTIPLEXER/SWITCHER
@M"I JUNCTION BOX FOR WATER HEATER O POLE
—® THERMOSTAT [d BRACKET SET

Aganiflandem :

3P+N+E,Power outlet,32A 400VAC

2P+E,Power outlet,16A 230VAC
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DUPLEX RECEPTACLE,TELEPHONE AND DATA OUTLET IN FLOOR BOX SYMBOLS DESCRIPTION
FLOODLIGHT anianivay
FIRE ALARM EXIT LIGHT Tyivanan
SYMBOLS DESCRIPTION JUNCTION BOX nABIABRIE
FIRE_ALARM CONTROL PANEL, MULTIPLEX SIGNAL LOOP, PRESIGNAL, NON-CODED FIRE EXIT LIGHT aTannsoanuil vl
[CIFACP COMPLETED STORED VOICE PROGRAMMED SPEAKER EVACUATION AND TWO-WAYS FIRE PHONE,
SHOW WITH INDVIDUAL PATHS AT EACH SIDE OF DIAGRAMMATIC INTERRUPTION EMERGENCY LIGHT (BATTERY OPERATED) malananidu
EIGANJA} GRAPHIC ANUNCIATOR PANEL FOR FIRE ALARM SYSTEM AND ANOTHER GAN PANEL FOR EMERGENCY LIGHT (SLAVE LUMINAIRE) alangnidu
CGaN_Fs [ | FIRE SUPERVISORY PANEL
I XRMX REMOTED MULTIPLEX (ADDRESSED MODULE) PANEL X-DENOTES FLOOR PANELBOARD, SWITCHBOARDS & DEVICES
CIRAN REMOTE FIRE ALARM/FIRE SUPERVISORY ANUNCIATOR PANEL SYMBOLS DESCRIPTION
ADDRESSABLE MOMITOR MODULE = DISTRIBUTION PANEL BOARD whaadngang vieian
id ADDRESSABLE CONTROL MODULE ] LOAD CENTER waadnganevl
B ADDRESSABLE SUPERVISORY MONITOR MODULE L] LIGHTING CONTROL PANEL WEAngAIIA AT
ADDRESSABLE SUPERVISORY MONITOR MODULE =ie TELEPHONE CABINET Wz InaAny
] PHOTO-ELECTRIC (OPTICAL) SMOKE OETECTOR UNIT (ZONE UNIT) (= DISCONNECTION SWITCH AdnTinnau
Sip ADDRESSABLE PHOTO SMOKE DETECTOR = MOTOR CONTROLLER waadntdanuld fnda
©)p/sg | ADDRESSABLE PHOTO SMOKE DETECTOR WITH SOUND BASE UNIT on CONBINATION CONTROLLER DISCONNECTION SWITCH
@ RATE—OF—RISE HEAT DETECTOR
@®p(2001)XED TEMPERATURE (200°F) HEAT DETECTOR
@pp | ADDRESSABLE (SMART) HEAT DETECTOR
@ pp/sa| ADDRESSABLE (SMART) HEAT DETECTOR WITH SOUND BASE UNIT
‘r MANUAL FIRE ALARM PULL STATION
[ MANUAL FIRE ALARM PULL STATION WITH KEY GENERAL ALARM ACTIVATION
CH NOTIFICATION ALARM SPEAKER UNIT WITH STROBE LIGHT
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Mg 28072807205 |
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‘ (28012801160 ] N
W [ A ] L [Wick]  KNOCKGUT
, S I I e o P e )
Hanger Flonge Adopter Fitting  Closing Plote i R = ==
o | 3 [100 | 75 |2400| 1.6 X X 35
o [+ 100 [ 100 [2400] 16 | x | x s ON CORROSIVE HANGNG ROD
£ 5 1150 | 75 {24001 1.6 } X } X B ON CORRDSIVE. L-CHANNEL
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) 7 150 | 150 [2400( 1.6 X X X 70
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TYPICAL CONDUIT RUN UNDER SIDE OF BEAM RECESSED MOUNTED FLUORESCENT LUMINAIRE EMERGENCY LIGHT

BOLT-

CLAVP—

LOCK NUT
THREADED —;

HON CORROSIVE C CHANNEL: NON CORROSIVE WANGING ROU

[—SLEEVE
JONDUIT CLAVP ——ALTERNATIVE
7 <! < < <
a SLAB
A4 T 4 a A -
A
< }-BEDNG RADUS OF CONDUIT
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g . . AL DIAVETER
BEAM ;
A 4r
Fa)
<
1B LB

P

<4 a —RCSULB

T micie

CALVANIZED HANGER ROD

ADNSTABLE spn-nal_‘(ﬁ
OR THREADED ROD i

FLEMBLE CONOUIT ——

T e Y e

ECESSED LUVINARE

MERGENCY LIGHT WITH BATTERY

2x9W LED 12v/24V DC
BACKUP 2Hr

2x9W LED 12V/24V DC

T

<

DOWN LIGHT EMERGENCY
9W LED 1 4V DC

CENTRAL BATTERY

2x2,5/2,5 FRC IN 3/4"IMC,

iz Cg Og O

AT SET
WX

N

DETREUTOH BOND
o LoD CoNTER

TYPICAL DETAIL OF EMERGENCY DOWNLIGHT
SCAE 3

NOTE:

1. st Thatanuidmuiimus Whadmdog
esiulumsrafis iimmsnaursinsiensdey
wamiu st aasnlfnuabisnnean
TauN\MiAA Voltage Drop 3nnAEeAMUAIY Specification
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EMERGENCY LIGHT NON BATTERY

HANDHOLE FRAVE and COVER

AT

135 Fsl
°
[ N
L G
4[] 1 d
A ]
N7

&

PULLING RO -

—J

[~CABLE RACH
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DETAIL-EMERGENCY AND OUTLET AT STAIR

DETAIL - RECESS MOUNTED GROUND TEST BOX

DETAIL-BAR TO BAR JOINT

DETAIL-CABLE TO BAR JOINT

DETAIL-CABLE TO CABLE JOINT

[—10 UPPER FLOOR

Al @ @
JuCIoN nou—+[ ﬁ:h S' T

i T

TN

o7 EM

NOTE : 2500

% USING THE SAVE CIRCUIT FOR
EMERGENCY, SOCKET QUTLET AND EXIT SIGN AT EACH STAR

JUNCTION BO!——. @ —r
i i
g l

CREED

30 mm (WAX]

IMC CONDUIT OR AS SPECIFIED

NSULATOR PLATE (BAKELITE 5 mm. THICK)
—PLASTIC TEST BOX
STAINLESS STEEL KUT & SPRING WASHER

RUBBER BUSHNG

i BARE COPPER EﬂNDUCl{R-
—RUBBER GASKET SEALED

INSULATOR WASHER (BAKEUITE 5 mm. THICK.)

TYPICAL CLAMPS USED IN METAL WORK

SUSPENSION MOUNTED FLUORESCENT LUMINAIRE

DETAIL-STANDARD SET OUT (EXCEPT
SPECIFIED OTHERWISE ON THE LAYOUT)

RECESSED MOUNTED DOWNLIGHT

ALY, STEEL CLAUP-——\

=

UNEAR LEAD BETWEEN GALV. STEEL CLAWP AND
COPPER CABLE CONDUCTOR

70 mm? COPPER CABLE CONDUCTOR:

METAL WORK BOND

PIPE_BOND

T0 PROTECT THE COPPER CONOUCTOR AGAWST GALY. STEEL CLAVP , A UNEAR LEAD
2 mm. THCKNESS SHALL BE USED BETWEEN CONDUCTOR AND CALV. STEEL CLAVP

TEEL TANK
T0O THE STEEL TANK
SEE DETAILS ABOWE V. STEEL
——‘?\? mm? COPPER CABLE CONDUCTOR
I mm. PVC.
ROUND TEST BOX (REFER MT299 E1.048)
70 mm? COPPER CABLE CONDUCTOR
I #50 mm. AVC.
ROUND ROD_ IN INSPECTION PIT 70 mm? COPPER CABLE

(REFER MT299 ET.03A)

ey GALV : = GALVANIZED

METAL WORK BOND STEEL TANK GROUNDING

CONDUCTOR IN #50 mm.FVG.

YT

(STEEL) (CAST IRON)

STEEL) (CAST IRON

Yo e o . —HRCSAB
T E—————GCALVANIZED ANGLE

SURFACED LUMHARE

SURFACE MOUNTED FLUORESCENT LUMINAIRE

‘4t 4+ 4 . —RCSAB
\-cu.mm

-STEEL RCO THREADED

T

OUNTING KIT
SUSPENSION TUBE

T BAR STEEL SUPPORT
WREWAY

SPENDED LUMINARE USPENDED LUVNARE

SUSPENSION MOUNTED FLUORESCENT LUMINAIRE

+—DOOR FRAVE

. UGHTIKG SWTCH

+—ADDITION LIGHTING
SNTCH WHERE PROVIDED

1250

8
PORER SOCKET QUTLET
(PLANT ROONS)
HANDY BOX-DEEP
TPE

|
_Lyen % rEAL

1250

FIXTURE HOUSING ——

Lﬂl[ OR AS SPECIFIED

FLEXIBLE STEEL CONDUIT

——LAVP HOLDER

REFLECTOR— Lavp

DETAIL-GROUNDING INSTALLATION

msnuaassmuae gaga lunedesdn Inh
a I
wiin 70 DR usaiFoa 750 1o

mInnaasUaeTemsgagaluvieiesme

mnuaassuas IdgegaluvedosmaTrivh
DETAIL - INSTALLATION DETECTOR

i a
seazidaalszinnaelay

NiSH FLOOR PLAN

T0 OTHER
DETECTCR <« ?

LOCKING SCREW '—/

DETECTOR:

100255 mm.
OCTAGONAL BOX

ETAIL — FLUSH MOUNTED DETECTOR DETAIL

ot -..|".
Tl ==y

[—115 mm, MC

E@E = Trliilgeeassusfasey 2620w LEDTE
u
L2

= Tenligeensautleh 16w LEoT

FINISH FLOCR PLAN
€ FRCF ErOreR 3

B4 = Taldwnflwfileh 200w Le0

25 (K]

MAXIMUM NUMBER OF TEL. CABLE IN CONDUIT OR TUBING
5 mnwdavinaugiigaaluisiossuiih 90a 70 asAndadus 750 Taad e T
= y z i SIZE OF ™~OR TUBING|  1/2" 3/4" 4% 140 1/ 2" 2172 | &
W dmnulrlgagalusiesonmelih
. TEL. CABLE(DIAD.65HT
ONCRETE. COLUVH a1y e caL 7 5 12 2 4 50 89 139 200
——SCREED Tish [ I R (R V2 [V I RV I RV TEY
IVC CONDUIT OR AS SPECIFIED [ BEIEREREEE -1 =1=- - @< EJ s 16 26 38 67 106 152
8 12 21 33 48
CROUNDNG TEST BOX 15 sl | & | s lal= [ 2z TPEY 3P ! 3 8
5P - 2 3 5 8 14 22 32
25 s |s|o|w|n]|lw|-|-]|-]-
. 10P = 1 2 4 5 10 18 23
1° : L] ] L PR PR ol N e 15P - 1 1 3 4 7 12 17
s 3 2| 4[5 o || |w]|e| - |- 20p - n 1 2 3 5 9 13
4 10 13| e a | |e]n]|u|n 25P = 2 1 1 2 4 7 1"
PipEeERe |
EQURED E 16 12| 3] 4]s|a|u]a]aw|w 0P & - ! 1 2 4 6 9
EXOTHERMIC = 0% - -
B » -l - -3+ u|w]|2]a Ack: ! i 3 82 2
50P = - - 1 1 2 4 5
35 -l - -lz2|3s|5|e|n|lw]|n
GROUNDING CONDUCT
BATE COPPER ;ggmfgg o 0 | e (R L - I R I L MAXIMUM NUMBER OF COAXIAL CABLE IN CONDUIT OR TUBING
COPPER CUD STEEL unoqnulsgu}_/ n o ] R (o I - B N SIZE OF CABLE 1/2" 3/4 1" 11/4" 11/2" %
000" . LOWG::12 e O (Y- % SO e e O [ O I ac-2v 1 2 3
120 -l -1 -] vl f2] 3]s |8 |n 6C-2V,RG-6 1 2 3
150 sl wli sl il 2] 7e-2VRe-11 ! L & 3
185 | | el N OO I (O R R MAXIMUM NUMBER OF COMPUTER CABLE IN CONDUIT OR TUBING
240 ) | TR ! ! eI RN SIZE OF CABLE 1/2" R 1* 11/4° 1 1/2" 2
300 SO IR IR I N T T - T I S I UTP CAT Se 3 5 9 15 23 36

15 mm. FLEXBLE
METAL CONDUIT

100555 mm,
OCTAGONAL BOX

DETAIL — FLUSH MOUNTED DETECTOR DETAIL

[ T0 OTHER

@L‘ = Talanileaflody 1w Lo
815 mm. WG

DETECTOR

@ = TaulsennilaviResen 14w LD
15

DL& = Thule Poodight 1x6W LED
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o

HD PTZ Camera x
With Remote

i

Remote

USB from

AV Mixer / Streaming / Recorder

'Y
>

SDI to HDM¥y

Audio I/F

Presenter/Teacher
Laptop
(Existing)

BYOD Presentation
(Existing)

HDMI Capture

Router

Presentation

Gateway

b, 4

S i B

Scaler

Multi View
Monitor

Corporate Network

Projector

2x1 HD Swicher

A g

» To Audio System
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> : Multi View
(¥ AV Mixer / Recorder Monitor
HD PTZ Camera x P
With Remote k .
Nl Corporate Network
kg Switch
200" (16:10)
SDI to HDM Projector Motorized Screen
Remote =
65" LED TV x2 65" LED TV x2(On Cart)
USB from 4x1 HD Swicher
Audio I/F
HDMI Capture e
CTRPC
(Existing) > T T
Team Conf. \ CRoc] MRy

BYOD Presentation
(Existing)

HDMI Wall Panel Input
With Transmitter
(Stage) x2

Router

Gateway

Presentation | J

| T drynandliifasiused

J : 75" LED TV

e " (Tnautiiaatlszgu)
Digital Signage

» To Audio System
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Existing

Wireless Microphone

x4

Headworn

Wireless Microphone

Desktop
Gooseneck Microphone

To Existing

Conf. PC

Existing Mic »
Existing Mic »
Existing Mic >
Existing Mic »
—

(M }— >
Audio ; =
Interface B e &

Existing
Mixer

Y Y

Existing
Loud Speaker
Management

2-channel Power Amplifier

2-channel Power Amplifier

> —

Column Speaker

Type#1

» -
[ r »
o 7

YY

Column Speaker
Type#2

Active Subwoofer
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