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Research and Development on Cutting Machine and Drying Machine for the Production

Process black tea

Kiangsak Nukpook' Satitpong Rattanakam' Apiwat Panyawong' Sompol Nillavesana? Anun
Punyaperm3

Keywords : Black tea, tea forming machine, tea drying machine

Abstract

This research consisted of 2 experiments on black tea processing machines. The first
experiment was conducted to create a prototype of a western tea cutting machine. The
component of cutting machine consist of main power structure that using a 1.5 kW motor : speed
1,450 rpm. and the cutting head. The cutting head consists of rough cutting part made from the
grinding head no. 52 and the fine cutting part made from the ¢rinding head no. 42. The
components of cutting part are frame, spiral shaft, cutting blades and face plates. On the
experiment, tea leaf shoots must drying to reduce moisture for 18 hours with 71.68 %moisture
and then massage with a cylindrical massage machine for 20 minutes. Formed tea shape by
cutting was test by 2 treatment ; 1°' cutting by using coarse pore of 20 mm. and fine pore of
8 mm. The 2™ cutting by using coarse pore of 20 mm. and fine pore 6 mm. The test was done
10 replications with 5 kilogram per replication. The result found that the machine can work
continuously without interruption while continuing cutting both the upper and lower heads. The
capacity of machine to cut tea was 91.22 kg/hr and 69.53 kg/hr., respectively.

The second experiment was conducted to construct the prototype of 2 types of tea
dryers. The first one was cubic cabinet dryer, consisted of 3 important components, 1) drying
room covered with galvanized sheets, inner wall is stainless steel sheet with 10 trays 2) the fan
set uses a motor with a power of 0.75 kilowatts with 3) temperature controller (0-300°C). The tea
leaves was fermented until the color was reddish brown then spreading for drying 2 kilogram per
tray. The dryer setting temperature at 100 °C and switch on the fan for 30 minutes then decrease
temperature to 90 °C for 30 minutes and decrease temperature to 80 °C. The result found that
before drying tea leaves contained 70.84% moisture at temperature of 21.1 °C and 84.5% relative
humidity that after taked 164 minutes to dry the tea leaves contained 13% moisture. The second
dryer was consisted of 3 components 1) semicircle drying tank 2) temperature controller and
3) power transmission set using stirrer and fan of 0.75 kilowatts motor. The experiment was put
20 kilograms of fermented tea into drying tank. The dryer setting temperature at 100 °C and switch
on the fan for 30 minutes then decrease temperature to 90 °C for 30 minutes and decrease
temperature to 80 °C. The result found that before drying tea leaves contained 73.02% moisture
at temperature of 27.1°C and 55.7% relative humidity that after taked 175 minutes to dry the tea
leaves contained 13 % moisture. The color of tea was dark reddish brown that after tea making
the color was red liked ripe areca-nut.

1 Agricultural Engineer Research Center Chiang Mai: Agricultural Engineer Research Institute: Department of Agriculture.
%Office of Agricultural Research and Development Region 1: Department of Agriculture

®Chiangmai Royol Agricultural Research Center: Horticulture Research Institute: Department of Agriculture.



A15NAABY 1
WU LATo WA TUFUYINTIEMTULUTFUBINTY

Test and Development of Cutting Machine for black tea

nseednd dngn' adndned Saudn’ ofdanl Jnyey1ied auwa daviml’ etud Jeygyuiia’
Kiangsak Nukpook' Satitpong Rattanakam' Apiwat Panyawongl Sompol Nillavesana”Anun Punyaperm’

UNANEa

£
a =

Adeildsumsatusuuiniesiatususlss daldussnauiiddy fo 1) Tassadhs
wan 2) gadunidalaglduawesvuin 1.5 Aladad Ausa5au 1,450 s0U/UN7 wag 3) ﬁ’aﬁﬂﬁugﬂ
Usznausng ﬁaéfwﬁugﬂ fianeruvhanifuaiiewves 52 LLazﬁaﬁmﬁugﬂé’mamﬁamﬁqmﬂﬁwmL“’f'zawai‘
42 navhdatuguidiuusznou e Mlaswhdn mandeade lufiadauazaruntiuiu lunismagen

AndusUvss Tolumaniinnnuduaie 80.19% W1un1siuNeanAINdY 18 .4, HA1uYU 71.49%

v
U =®

wdinsundeiadoansanszuenidunm 20 uit wasvhmsdatugl 2 nsnis Ae 1dntugUing
sadamenuldvinuiu 20 uu. wasshimazdealdanduiunun 8 uu. 2dndusulneidnneuldmd
wiu 20 uu. fuadnazden Tgviuiurun 6 uu. S1uaunssdfay 10 91 910 5 nn. nud edes
annsovhauldegsdeilediiaznafndauuiinisda wazdidnvugnsivuisensuiudueg i

mmmmaﬂumiéfﬁugﬂmN%’q 91.22 AN./BU. WAy 69.53 nn./B.

AdARy(Keywords): 3639 fnTuFUMHSY 1ATRinfugUu N

1 @ué’%é’amwmﬁmﬂsim%ﬂmi A01TUITUNBATIAINGTY NTUIVINITAYAT NTENTILAYATLALENNTDI
2 AN IT8LaTNAUNINITAYRTR 1 2108911l NSUAVINITNEAT NSENTIBNEATHAZENNT
3 @ué’%%’al,ﬂwwam%ﬂm A0TUITINVEIY NSUIVINISINYAS NTENTINNYATUAL AN



Abstract

This experiment was conducted to create a prototype cutting machine for black tea. The
component cutting machine consist 3 component 1) main structure 2) motor power transmission
using a 1.5 kW ,speed 1,450 rpm. and 3) cutting head. The cutting head consists of rough cutting
part made from the grinding head no. 52 and the fine cutting part made from the grinding head
no. 42. The components of cutting part are frame, spiral shaft, cutting blades and face plates. On
the experiment, tea leaf shoots must dryed fermented tea leaves to reduce moisture for 18 hours
with 71.68 %moisture and then massage with a cylindrical massage machine for 20 minutes.
Formed tea shape by cutting was test by 2 treatment ; 1% cutting by using coarse pore of 20 mm.
and fine pore of 8 mm. The 2™ cutting by using coarse pore of 20 mm. and fine pore 6 mm. The
test was done 10 replications with 5 kilogram per replication. The result found that the machine
can work continuously without interruption while continuing cutting both the upper and lower
heads. The capacity of machine to cut tea was 91.22 kg/hr and 69.53 kg/hr., respectively.

Keywords : Black tea, tea forming machine, tea
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Abstract

This experiment was conducted to construct the prototype of 2 types of tea dryers. The
first one was cubic cabinet dryer, consisted of 3 important components, 1) drying room covered
with galvanized sheets, inner wall is stainless steel sheet with 10 trays 2) the fan set uses a motor
with a power of 0.75 kilowatts with 3) temperature controller (0-300°C). The tea leaves was
fermented until the color was reddish brown then spreading for drying 2 kilogram per tray. The
dryer setting temperature at 100 °C and switch on the fan for 30 minutes then decrease
temperature to 90 °C for 30 minutes and decrease temperature to 80 °C. The result found that
before drying tea leaves contained 70.84% moisture at temperature of 21.1 °C and 84.5% relative
humidity that after taked 164 minutes to dry the tea leaves contained 13% moisture. The second
dryer was consisted of 3 components 1) semicircle drying tank 2) temperature controller and
3) power transmission set using stirrer and fan of 0.75 kilowatts motor. The experiment was put
20 kilograms of fermented tea into drying tank. The dryer setting temperature at 100 °C and switch
on the fan for 30 minutes then decrease temperature to 90 °C for 30 minutes and decrease
temperature to 80 °C. The result found that before drying tea leaves contained 73.02% moisture
at temperature of 27.1°C and 55.7% relative humidity that after taked 175 minutes to dry the tea
leaves contained 13 % moisture. The color of tea was dark reddish brown that after tea making
the color was red liked ripe areca-nut.

Keywords: tea, tea Black, tea dryer
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70 ) R? = 0.9964
69.81%, B— 6531 y = -0.0017x2 - 0.363x + 73.508
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q q

C = F+kn (1)
R= pn (2)
C Ao Alwane k Ao siPvesELiUM/Alandy)
F fio Anlddnensd n fie Swuiings (the)
R Ao s18la o e TIATRmhEALA (LI /Alansh)

1. Arldanenail
1.1 Ysziunaiaiesdinaildlunsudssuamss Ussnause
Lﬂ%"aqﬁmﬁugﬂmwé’mm = 85,000 UM
LATRILIANTINTFUINTIAN = 95,000 UM
A3BIBUITTIYINT51AN = 90,000 U
swmm’%aﬁ{fﬂsﬂaﬁﬁaﬂsﬁumﬁLLUﬁgU = 85,000+95,000+90,000 = 270,000 U
1.2 Adeausauazthgssnu Uszanalinl 15 % vesaaiesiiondsguamss
AMaLLgNLazU15asN® = 015 x 270,000 = 40,500 U™
F = 270,000+40,500 = 310500 U

2. mAlgan8uUseu
2.1 USANUINY 2 AU Ad1sauaz 300 UM waziivthiusgu 1 au Ads 500 U vhau
Yuay 8 w1, AnLduAussusIN 1100 Un/Fu
2.2 Tagavlun1sulsgueenudaduaniuaz 40 Alansu 51A1 20 vw/Alaniu AnduAringiv
599 800 U /3u (enAnsaueisdssiuas 10 Alandy Ussanasnue 800 vm/Alansu)
2.3 pudelnas
AAEeAY deruna 15 Alandu 31A1 420 um dasnslduiansauiuay 6 Alansu
ATaLnAauianady = (420/15)x6 = 168 um /u.
2.4 anllihaunas Ansialninreniae = 3.13 um
Al ewas 1.5 Kw s1uau 2§ vadlesy Ussana 3 991u)
=1.5x2x3x3.1381 = 28.24 U /3.
Al ewes 0.75 Kw $1uru 2§ nadlsau Ussuna 6 99139)
=0.75x2x6x3.1381 = 28.24 U /7.

3. AN
ANUIUATLTI18WUSHY (k) = (1100+800+168+28.24+28.24)/10 = 212.45 U /Alansy. 1o

Yradnavwnuainauluaunis (1) leaunisa (3)

C = 310500 + 212.45n (3)
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WUIN N
FUINAYNIEAY NMINAaDs 1
TunseanuuaiaeiesiatusUridmivussurnddduamosuun 1.5 Alatns nisderinge
Tanenndy wanderinds warlelsames luniseenuuuldmuimevamguiseg dseneuudly uay
aunsildlunisdnn Wandis nseeniuuedesingna 2 (3308 wagang 2556)
Fonldaewiuduniiagn B iosniidearsniuses B ldemeguds ndelunaialdialy
FonldZeasmudoidnuuindurinugudnana(d,) 102 uu (4 12) wardomemiulngvunady
sugudnana(D,) 203 1 (8 H)
9M3MA m,, = Dy/ dp= ni/ny= 203/102 =1.99
AuIMIEevIsErinsgudnadoaeI AguanLazsnan Ao
Crnax =2(0+Dyp) = 2(102+203) = 610 %
Conin =0.7(d+Dp) = 0.7(102+203) = 213.5 34
naaaudentd C = 500 uy
mAugINadlaeUsza
Lp = 2C +1.57(Dy-d,) +(Dp-dp)/4C
L, = 2(500) +1.57(203+102)+ (203+102)*/4(500) = 1525.36 13
donldaneniu 1526 Uy
AMuniszeyissEnIegudnans ievnauAludiulas
Cwpt (p2 a q)1/2
p ~ 0.25 L,-0.393(Dy+dl,)
p = 0.25(1526) — 0.393(203+102) = 261.64
q = 0.125(Dy-d,)* = 0.125(203-102)° = 1275.13
WNAINaUNIAN C = 520.83 wal
Me (Dp-dp)/C = (203-102) /520.83 = 0.19
31NM519 10.21 tasusenauwiludulas N, = 0.97
91NA13 10.25 W@enan L, = 1642 uu ladusznauuilaaiueniaieniu N, = 0.91
duUsuaaIuNIL 102 UL 8RR 1.99 wag ny = 1450 rpm (EULABIANNADEIINIU A )
16 Ps = 1.75 maduamsuuduaenuduiily 1don = 1.3 2991519 10.20
WpXNg

= — (1)
PRXNgXN;
Z=15x13/175x097x 091 = 1.25 1&u

= o a Y ° o
WWonldaeniudu ninda B 91U 2 1du
AU AU AV SN

0 = T - 2 Sin"(Dy-d,, /20)

o; = 7T — 2 Sin(203-102 /2 x 520.83) = 168.87 84"
AIUIUANILTIVEEENIY V= TTd,N

Vv = T x 102 x1450 /1000x60 = 7.74 15/



38

wssaluaenuvMEdInIas F = W, v
F = 1.5x 1000/7.74 = 193.80 {36

ki = 2 (M52 10.18 fusznaunisldeu Tunsd eunidh wsensean)
ko = 0.385 (m1574 10.19 fIUsznountidnanen1u B )

waRstuAUluaenIY
Fi = (kyF +7kpv?)Sineo/2 2)
Fi=(2x193.80 + 2 x0.385x 59.91) x 0.9953 = 433.73 179U

ANUMNVLIALY HTuuAuYesiuiteu (2) 8§ 13 iy watu (ng) 729 59U/U1% H8Rsmawingu (n,,)
1.99 dumaslunstu 1.5 Aladng
A1 11.5 fusenauldnudmsunsanseii denusinseyiingennuiunad Ny =1.79
Mdsilddonvunald
P = WaxN, = 1.5 x 1000 x 1.79 = 2685 ns
9nM519 11.18 @enldle 1 Fu szexfind (p) 12.70 fadiuns
ATIERUANNENTO LN UL IR
AR5 IVRLY
v =pZn = 0.0127x13x729/60 = 2.01 AT/
wssluwudusa
Fi = Wy/v = 1500/2.01= 746.27 135
ussgoslunuIvestslyd w/g =0.61 Alansu/lums 91nA1519 11.1(2)
Foo = W?/g = 0.61 x 2.01% = 2.47 16U
usenslule
F = Fi+Fq = 746.27+2.47 = 748.74 175U
Aanuvaendelunisliley (Fo= 13.83 Aladfu 9100157971 11.1)
Ny = Fo/F = 13.83/0.749 = 18.47

st Teiflddsrndadaanuuaendefivonsuld maruaensefiuugililunmgud Ao 7-15
SoleuiAssiulaiivieialy euldls wes 40

Auainsruumandainds denldimandurinugudnans 25.4 fadluns i ugaiifuase
gaanfie ynsesiumariuiidsindeiiele Alumuddn (M) 86.96 dadu-uns Alumudta (1)
4.906 Tafiueuns ULazA1AULTILITVOITANINAT(0,) 240 WNNETIFW/MITUAT

[ a a £

A&sfidnnnluaudtaife (3vSuasangy, 2556)
P=2TTnT/60 (3)

luusUnuosawmas T =(1500x60) /(2 xTT x1450) = 9.88 136U « LUAT
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ussgefiAnanlusnddavewelnos
F=T/r =9.88/(0.203/2) = 97.34 iy
Tuudiaggniiusignuasainesnseynaema (Mm,,) dwaliinluuuddagigaivindning i
UBNFAVDANA
Mmax=FL =97.34 x 0.120 = 11.68 125U « LUAT

marNulaonfsvana (N) laa1naunistneans
0,/N =16 (4M? + 3T% )/ @
N = 240 x10°x3.14 x 0.038° /16 (4x11.68% + 3 x9.88%)"? = 89.25
wanfidenldldAnnsidemenieldnsyansidaud
Tunsiuamaluwuidafivewmesdeadasldaenuandaidanuamesldmannisisa 14
aunsuandlidnanad

MasAnanluLuAnAfe (F3Mowazna, 2556)
2nnT
P =
60

(5)

lusmddaveaaines T =(1500x60) /(2 xm x1450) = 9.88 136U « LUAS
useeviinanlumuilinveweined (durugudnansiiniasldsidu 75 ul.)

T =% U
F = - =9.88/(0.075/2) = 263.47 U

Lusuddngegaiinemoinszviomanniiondn (Tr,) dsaliliaussdndsiindelanansadndsdan (W)

e f, = 0.15-0.25 (3191579 11.4) Tunsdl Jandumndn waziduriiugudnansiiaiilealadsiniu 178 .
Thax = FR =263.47 x (0.178/2) = 23.45 U + LuAT

P Y 4 a oy 4 ° v

dlovunaLdusuAudnatsluveundel 0.050 was SidusuAugna1auen 0.120 wWns Awdnlla

uRuAudNa1RAeveuNGYd 0.085 lnT INFellszariin 0.055 WAT MALUBLIvBRNALI LA
11.64 93N

T _ wdpy [ fs—tanoc] ©)
max 2 li1-fstana
W = 2x23.45x(1-0.2 tan11.64) / 0.085 ( 0.2-tan 11.64) = 88049.8 16U
\Hesnusadndeindeiaunsadndsiandunsinseyimamatluiuinny Wsenssatgeguuly
\nNdgInasnANeIveLNaedn) JsauyAbiiduusesiunseyiidugafivanaiwanndes wandduniu
Audnanaen 0.038 wes fnue 0.500 wes lunsainsBavaeluwuy Bafnuiu-dase (Fixed-free
[ < - [ a 1 < v
, Le = 2) Taginaninatvndiandalugada (£) 207 3nzU1ania wagA1nundausivesianinai(o,,)

240 wwngUrdana
1

, . + Le 2Em?|2
AFIVFADUANANUNIYIVDIARD — —
k Oy
1

Le [2x207x109x7'c2

2 L | L
k - 240x106 ] =130.41 4mu1nNn31 110 L JunIalLaIen

w2El
WL2

ldmnudasnseldansimnudmivananivesessiass Aie N =



A v U & a a a nd4
iuﬂsmmmmLUuLmﬂammmmLaaaia‘uLmu AY I = Z
m3x207x10°x0.038%
N = =238
64x 88049.8x(2x0.500)2

WNAgTaliiAnAINULESMNELTB991NNNS NG
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NUIN U
ATUIUATNIAAY NITNARDIN 2

WaRN5UNTUAIUTBINTLUIUNNTOULIAG AD ANUABINITTLMEUNDBNANNTAANIHBINITBULIAG B3]

Souludosdy
W5 20 kg
AUTUBURY 70 % wh
AruAuEAYTeg 13 % wh

Wy =W, % (1)
do W, o dnthamdsounis, ke
W,  fe thmnnrounisouus, ke
My  fe AT NS, % wh
M,  #e AnuTumineunIseuwis, % wb
WUAN W = 20% = 6.9 kg

UTUNUUNIABINITIZINE = 20-6.9 = 13.1 kg
amﬁ’amﬂ’]ﬂﬁ]’lﬂLLmume*ﬂme‘%ﬂ

gaumgiindesldeuus 90 °C

QNGHITRTRRH 24 °C

ATRuduTinG 75 %

nanldlunseuus 3 hr

91N Qi 25 °C fmuTudising 75% unsrurunisvhiousugungli 90 °C
fisns1dunuTy 0.014 kg-v.o/KS-dry air
LﬁamumzmumiauL,Lﬁaqmwgﬁmﬁa 78 °C

fisnsdunuTy 0.018 kg-+.0/KS-dry air

Usinahiienunsomeonuildsesiniduis 1 kg A9 0.018-0.014 = 0.004 kg/Kg-dry air
USinanh 13.1 kg AzfplTUSIIUEINIAWAY = 13.1/0.004 = 3275 Ke-dry air
21M1AgUMQI 80 °C AU LUy 0.9994 kg/m 3
FouUSinaemauiiideddd = 1857.5/0.9994 = 1858.61 m 3

nafildeuniis 3 ¥ilus dedlduSunaeinie = 1858.61 m 3/h

3o = 1858.61 m 3/ 3x3600 s

=0.17m3/s

WansanludiureaUseansnmTeninusauaans 89 UwIid (M) A USUuAINUSoU LY
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FEmEUTtUI(Qqy) MIMIBUIHINAMUTOUNATUIINTOMEAQY) TneUszunua he =2283.2 KI/Kg 91N

mswandimesiulausindvasleun gamgil 90 °CuarA1AUTEUVDY LPG = 50220 KJ/Kg (ANAS

ANTOUVDITDLWAITLAFIIS) WAAITINT www.thaigasifier.com, 27 um 2563)

__Qq

Nen = Q_f (2)


http://www.thaigasifier.com/

a2

Usnaumnudouiildlunissemenn = 13.1 x 2283.2 = 29909.92 KJ
Usinaumnudouiilafuanidemas= 2.2x 50220 = 110484 KJ (1pSesaunrianuvamasy)

Usinamnudouiilafuanidemas= 2.6 x 50220 = 130572 KJ (A3e0uUuiauuunssianas)
UsgavBnmidenudouranaioseunis =(29909.92/110484) x 100 = 27.1
UsgavBnmdenudouraa3osaunis =(29909.92/130572) x 100 =22.9

Nep e UsvAnBamidananudauvaaiosauuis

Qi Usnamdeuildszmetilug

Q  Usnamudeudildfuanidomnas



	เมื่อพิจารณาในส่วนของประสิทธิภาพเชิงความร้อนของเครื่องอบแห้ง(Ƞth) คือ ปริมาณความร้อนที่ใช้ระเหยน้ำในชา(Qd) หารด้วยปริมาณความร้อนที่ได้รับจากเชื้อเพลิง(Qf) โดยประมาณค่า hfg =2283.2 KJ/Kg จากตารางสมบัติเทอร์โมไดนามิกส์ของไอน้ำ อุณหภูมิ 90 ๐Cและค่าความร...

