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Table 1

Development history of needle for acupuncture
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Table 3 Needle diameter and length specification

(Gauge 30/8 | 32/5 | 34/4 | 36/3 | 38/2 | 40/1 |42/01|44/02
Chinese/Japan
Diameter (mm ) 0.30 1025 0.22 020 |0.18|0.16 | 0.14 | 0.12
Needle length 13,25,40,50,65,75,100,125,150
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Figure 5 Patent 2-Needle for acupuncture
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Figure 7 Patent 4-Acupuncture and moxibustion needle
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Table 4 Needles used in the experiments

Needle Needle

No. | Manufacturer Needle shape Length Diameter

(mm) (mm)
Al SEIRIN 40 0.18
A2 SEIRIN 40 0.20
A3 SEIRIN 40 0.25
B1 KINGLI 13 0.18
B2 KINGLI 13 0.20
B3 KINGLI 25 0.20
B4 KINGLI 40 0.20
B5 KINGLI 50 0.20
B6 KINGLI 60 0.20
B7 KINGLI 75 0.20
Cl CARBO 25 0.20
C2 CARBO 25 0.22
C3 CARBO 40 0.22
C4 CARBO 40 0.25
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Table 4 Needles used in the experiments ( Continue 1)

Needle Needle

No. | Manufacturer Needle shape Length | Diameter

(mm) (mm)
D1 VINCO 13 0.20
D2 VINCO 25 0.20
El1 | AcuMaster 13 0.16
E2 | AcuMaster 25 0.20
E3 | AcuMaster 25 0.22
E4 | AcuMaster 40 0.25
F1 =3 25 0.20
F2 =3 25 0.22
F3 3 40 0.25
F4 =3 40 0.22
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Figure 19 Insertion force measure circuitry

Figure 20 Set up of insertion force measure equipment
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Figure 24 Needles fixture
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Figure 25 Digimator indicator
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Figure 27 Hydrocolloid dressing fixture
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Figure 28 Pork tender oin cut off and fixture

Figure 29 Pork belly in the fixture
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Table 5 Specifications for sample of tension test[25]
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Figure 36 Needle shape(Continue 1)

Figure 36 Needle shape(Continue 2)
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Figure 36 Needle shape(Continue 4)
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Figure 37 Needle points
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Figure 37 Needle points(Continue 1)
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Figure 37 Needle points(continue 2)
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Figure:37 Needlé points(continue 3)
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Figure 38 Pinpoint defects(continue 1)
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Figure 38 Pinpoint defects(continue 2)
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Table 6 Needle roughness

Pinpoint
—>
Needle >
Pinpoint Ra

Type Ra (um) Average (um)
Al 0.546 | 0.594 0.550 ]0.563
A2 0.752 | 0.654 0.556 |0.654
A3 0.278 | 0.226 0.347 |0.2837
Bl 0.970 | 1.019 0.985 10.9913
B2 2.117 | 2.130 2.255 |2.1673
B3 0.689 | 0.628 0.649 | 0.6553
B4 0.963 1.172 1.141 | 1.183
B5 0.603 | 0.712 0.559 |0.6247
B6 3.876+" 3.667 3.084 |3.542
B7 1.107, | .70:838 0.931 |0.6253
Cl1 0.121 | 0.096 0.092 ]0.103
C2 0:119 | ~0:116 0.119 ]0.118
C3 03114+ 0:361 0.334 |0.3353
C4 0.243°}+:0.252 0.278 |0.2577
D1 0.139 | 0.148 0.250 {0.179
D2 2.349 | 2.639 3.198 | 2.7287
El 0.295 | 0.357 0.321 ]0.3243
E2 2316 | 2.851 2.858 |2.675
E3 3.026 | 3.161 3.440 |3.209
E4 0.582 1.342 0.785 10.903
F1 0.5 0.55 0.5 0.517
F2 0.21 0.18 0.19 0.193
F3 0.29 0.30 0.33 0.31
F4 0.49 0.54 0.55 0.53
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Table 6 Needle roughness(continue 1)

—

Body Needle >
Body Ra
Ra (um) Average (um)
Type

Al 0.505 | 0.457 0.495 0.4857
A2 0.402 | 0.414 0.453 0.423
A3 0.347 | 0.377 0.538 0.4207
Bl 0.634 | 0.594 0.660 0.6239
B2 1.392 4(1111:298 1.409 1.3663
B3 0.200 |, 0.225 0.230 0.2183
B4 0.329 | -10.341 0.310 0.3267
B5 0.576 | .0.586 0.613 0.5917
B6 0.866-| 10:691 0.690 0.749
B7 0.519.| 0.463 0.542 0.508
Cl 0.116 | 0.124 0.122 0.1207
C2 0.132 | 0.123 0.139 0.1313
C3 0.197 | 0.205 0.365 0.2557
C4 0.132 | 0.106 0.105 0.1143
D1 0.117 | 0.118 0.133 0.1227
D2 0.791 | 0.731 0.673 0.7317
El 0.486 | 0.452 0.430 0.456
E2 2.524 | 2.110 2.313 2.3157
E3 1.165| 1.123 1.188 1.1587
E4 0.569 | 0.520 0.596 0.5617
F1 0.34 0.30 0.32 0.32
F2 0.31 0.36 0.33 0.33
F3 0.141 | 0.165 0.2 0.17
F4 0.25 0.21 0.22 0.23
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Figure 39 Negdle pinpoint roughness
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Figure 40 Needle body roughness
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Table 7 Length/diameter ratio

)
y y—
d
\4
T Needle point
lo/d
Needle length(mm) 0
A2 B4
1.5 7.647989 7.647989
1.6 8.157854 8.157023
Needle length(mm) A3 C4 E4
1.9 7.6 7.674597 7.6
2.0 8 8.078523 8
Needle length(mm) B2 D1
1.3 7.62866
1.4 8.063587 7.639003
1.5 8.184646
Needle length(mm) B3 Cl D2 E2
1.4 7.639003
1.5 7.775647 | 7.647989 | 8.043758
1.6 8.294023 8.157854 8
Needle length(mm) C2 E3
1.6 7.774538
1.7 7.890828 8.260447
1.8 8.354994
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Figure 43 Force-displacement curve for insertion test
(A, C and E type-hydrocolloid dressing)
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Table 8 Average max insertion force
(A, C and E type-hydrocolloid dressing)

Average

Needle | Length |Diameter
Max insertion force(g)

A3 40 0.25 20.03
C4 40 0.25 23.53
E4 40 0.25 21.15
Figure 44 5 A2 2 B4 5 {14 1 4 E chi=#-+ @7, 8 % T

p
BT 4 LS m B4 LdER LTS B4 EPERL

ok oo @ A2 o] o B4 gt ik Ol 4w BT
Fofs 0 A BEBES AL AFEFE SRR OFIE o AR
BAfIEL > 4 B85 F $ AR -KT > S N apEiE 0 B4 £ mihd
B ke RER BC] 0 F B4 £ A g F e T4 ek [t A2 o

Force(g)

Force-Diplacement Hydrocolloid Dressing

Needle no rotation

W
D

Insert angle=90’

N
D

—— A2
—=—B4

Needle: L[=40mm
D=0.20mm

Displacement(mm)

Figure 44 Force-displacement curve for insertion test
(A and B type-hydrocolloid dressing)
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Figure 45 Force-displacement curve for insertion test
(A, C and E type-pork tenderloin —insertion angle=90°)

Table 9 Average max insertion force

(A, C and E type- pork tenderloin —insertion angle=90°)

Average
Needle | Length |Diameter
Max insertion force(g)
A3 40 0.25 31.5
C4 40 0.25 40.1
E4 40 0.25 37.15
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Force(g)

Force-Displacement

Pork tenderlom=40mm
Needle no rotation

Needle
Insertion angle=60°

—A— A3
——C4

Table 10 "Ave nax insertion force
(A, C and E type- pork tenderlom —insertion angle=60°)
) Average
Needle | Length |Diameter
Max insertion force(g)
A3 40 0.25 31.2
C4 40 0.25 34.75
E4 40 0.25 35

57




Force-Displacement

Pork tenderloin=40mm
Needle no rotation

Needle

| Insertion angle=30"

—=—(C4
—— A3

0

E4

Force(g)

Table 117 Ave Ansertion force
(A, C and E type- pork tenderloin —insertion angle=30°)
) Average
Needle | Length |Diameter
Max insertion force(g)
A3 40 0.25 25.25
C4 40 0.25 40
E4 40 0.25 26.7
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Needle no rotation

Needl
Insertion angle

—e— Insertion angle=90°
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Force(g)
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rve for insertion test
nt insertion angle)

Pork tenderlon=40mm
Needle no rotation

Needle
Insertion angle

—e— Insertion angle=90°
—=— Insertion angle=60°
Insertion angle=30°

Figure 49 Force-displacement curve for insertion test
(C type-pork tenderloin —different insertion angle)
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Force(g)
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Figure 50 Force-displacément curve for insertion test
(E type-pork tenderloin=different insertion angle)
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=
D

uis
W

Displacement(mm)

Figure 51 Force-displacement curve for insertion test
(A and B type-pork tenderloin —insertion angle=90")
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Table 12 Average max insertion force
(A and B type- pork tenderloin —insertion angle=90°)

Average
Needle | Length |Diameter
Max insertion force(g)
A2 40 0.20 13.425
B4 40 0.20 21.05

Force(g)

\

Force-Displacement

Pork tenderloin=40mm
Needle no rotation

(¥

N
D

F 4
/\
- §

Needle

—_—
W

4

L Insertion angle=90°

-
D

Pork

/

——B3
—-—Cl1

[e=}
4

i

/1
‘/

D2
E2

"/

5 10

15/ 20

Needle: L=25mm

=
[«=)

i

D=0.20mm

Displacement(mm)

Figure 52 Force-displacement curve for insertion test

(B,C,D, and E type-pork tenderloin —insertion angle=90")

(B,C,D and E type-

Table 13 Average max insertion force

pork tenderloin —insertion angle=90°)

Average
Needle | Length |Diameter
Max insertion force(g)
B3 25 0.20 19.975
Cl 25 0.20 18.95
D2 25 0.20 19.73
E2 25 0.20 19.57
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Pork tenderloin=40mm

Force-Displacement Needle no rotation

N
W

Needle
20
I“ Insertion angle=90°
15 t
_ Pork
& //7 / ——C2
5 / /A —A—E3
Tt 5 10 20 25
-5 F Needle: L=25mm
D=0.22mm
Displacement(mm)
Figure 53 Force-displacément curve for insertion test
(C and E type-pork tenderloin =insertion angle=90")
Table 14 Ayerage max insertion force
(C and E type-pork tenderloin ~insertion angle=90°)
| Average
Needle | Length |Diameter
Max insertion force(g)
C2 25 0.22 21.15
E3 25 0.22 19.375
(c) & ARApR (L2 F1]) > &5 2k > 7 % 5% 4 Figure 54~
55 #ro1 -
R T L sl s SRR N £3
HIpFiE 0 = —ﬁ WA REE I e d S E4 gt B LG FERER R
e R TR N N R T P RIS SR |
g R AR 4 B RS PRT (1) F £ Rk
d

[

AR B R EERS BT o Ftd B R 5 (2) AR &Y
CERE R B AL B A P A A A
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Force(g)
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40 P Needle no rotation
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Needle
30 l.\ Insertion angle=90°
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35
Needle: L=40mm
D=0.25mm
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Displacement(mm)

Figure 54 Force-displacement curve for insertion test
(Pork tenderloin —insertion angle=90 " ,needle no rotation)

Table 15 Average max insertion force
(A ,C and E type- pork tenderloin —needle no rotation)

Average
Needle | Length |Diameter
Max insertion force(g)
A3 40 0.25 21.17
C4 40 0.25 32.8
E4 40 0.25 29.1
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Pork tenderloin=40mm
Needle rotation

Force-Displacement

Needle

Insertion angle=904

&
% ——C4
= E4
—— A3
Needle: L=40mm
D=0.25mm

urve for insertion test
90° ,needle rotation)

ax insertion force

Table 16 '
(A ,C and E type- pork tenderloin —needle rotation)
) Average
Needle | Length |Diameter
Max insertion force(g)
A3 40 0.25 26.85
C4 40 0.25 35.6
E4 40 0.25 33.15
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Figure 56 Force-displacement curve for insertion test
(Pork belly —insertion angle=90")
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Table 17 Chemical composition of Needles

Element Weight %

Needle type C Mn Si Cr Ni Fe Al Total
A2 5.74 - - 17.85 | 7.83 | 67.09 - 100
A3 5.39 - 0.76 16.52 | 839 | 67.60 - 100
B 6.33 - 0.54 18.15 | 8.02 | 66.97 - 100
C 7.15 1.55 0.61 17.88 | 839 | 64.41 - 100
D1 6.64 1.94 0.87 18.06 | 825 | 64.25 - 100
D2 6.14 - 0.61 17.96 | 897 | 66.32 - 100
El 8.67 - 0.83 17.60 | 7.37 | 62.15 | 0.86 100
E2 6.26 - 0.69 18.18 | 892 | 65.94 - 100
E3 5.36 1.80 0.84 17.10 | 870 | 66.20 - 100
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Table 18 Chemical composition of ferritic stainless steels [26]

Ferritic stainless steels
(chemical analysis %,max. unless noted otherwise)

Type C Mn P S Si Cr Mo Other
405 0.08 1.00 0.040 0.030 1.00 11.50/14/50 0.10/0.30 Al
409 0.08 1.00 0.045 0.045 1.00 10.50/11.75 6 x C/0.75Ti
429 0.12 1.00 0.040 0.030 1.00 14.00/16.00
430 0.12 1.00 0.040 0.030 1.00 16.00/18.00
430F 0.12 1.25 0.060 0.15 1.00 16.00/18.00 0.60"
430F Se 0.12 1.25 0.060 0.060 1.00 16.00/18.00 0.15Se(min.)
434 0.12 1.00 0.040 0.030 1.00 16.00/18.00 0.75/1.25
436 0.12 1.00 0.040 0.030 1.00 16.00/18.00 0.75/1.25 5Xc/0.70Cb+Ta
442 0.20 1.00 0.040 0.030 1.00 18.00/23.00
446 0.20 1.50 0.040 0.030 1.00 23.00/27.00 0.25N
Table 19 Chemical composition of ferritic stainless steels[27]
Chemical composition (%) Mechanical performance
Tensile
Type c Cr Mo other Heat strength Elongation | Hardness
Treatment (%) HB
(N/mm?)
409L | =0.03 [17.0~19.0 - Ti6xC%~0.75 A =360 =25 =162
410L | =0.03 |11.0~13.5 - A =360 =22 =183
430 | =0.12 |16.0~18.0 - A =450 =22 =183
NbS(C%+N%%) ~
430J1L | =0.025 |16.0~20.0 - 0.8Cu0.30~0.80 A =390 =22 =192
Ti ~ Nb ~ Zr8x
436L | =0.025 |16.0~19.00.75~1.25 N0 A =410 =20 <217
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2.#3%4 3 (Good Heating Effect )

3. % (Good Magnetic Conductivity )

4. 243% i (Good Weldability Performance )
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Strain-stress
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Figure 60 Strain-stress behavior for acupuncture needles
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Table 20 Resistance for needles

All needles Resistance ( Q) Resistance ( () )
Al 1.8 2.0 2.2 2.0
A2 2.2 1.9 2.0 2.03
A3 1.7 1.8 2.0 1.83
Bl 1.8 1.5 1.6 1.63
B2 1.7 1.5 1.9 1.7
B3 1.5 1.6 1.5 1.53
B4 1.8 1.6 1.7 1.7
B5 1.3 1.2 1.4 1.3
B6 1.2 1.4 1.1 1.23
B7 1.4 1.5 1.5 1.47
Cl 1.1 1.1 1.2 1.13
C2 1.3 1.3 1.3 1.3
C3 1.2 1.2 1.2 1.2
C4 1.0 511910 1.03
D1 1.3 BB, 1.4
D2 1 § w2 & 1.57
El 18 | PAd 15 1.47
E2 1.8 15 16 1.63
E3 1.4 20 1.3 1.3
E4 1.2 1.2 1.2 1.2
2.2
2
1.8
G BE2
g 16 F iz D2
;
all 2 B
1.2 = —
C4
1
Needle type
Figure 61 Needle resistance for all needles
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Magnetic flux density (gauss)

Magnetic flux density
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Figure 62 Needle magnetic flux density
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